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Foreword 

Brightening our future 

Light, either sunlight or coming from the moon or the stars, emitted by the fireflies or 
the bulbs in our room or coming out of our TV screen, is not only one of the first main 
vehicles of contact with the world around us but also adds beauty and fascination to 
our lives. Blessing all of us, it is definitely one of the corner stones of the structure of 
our modern world and crucial to its development. 

In this Year of Light the main theme of the 12th International Conference on Hands-on 
Science was set to be the study of light, optics and its applications. By the 
importance of optics as major branch of science and by its numerous technological 
applications that make our everyday life easier and boost the positive prospects of 
development of our modern societies heading to a better brighter future for all 
humankind. 

The book herein aims to contribute to an effective implementation of a sound 
widespread scientific literacy and effective Science Education in our schools and at 
all levels of society. Its chapters reunite works presented in this line of thought at the 
12th International Conference on Hands-on Science held in Madeira Island capital 
city of Funchal in Portugal, July 27 to 30, 2015. From pre-school science education to 
lifelong science learning and teacher training, the large diversified range of works 
that conforms this book renders it an important tool for schools and all involved in 
science education and on the promotion of scientific literacy. 

Vila Verde, Portugal, July 3, 2015. 

Manuel Filipe Pereira da Cunha Martins Costa 
Editor in chief 
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1 

Why-, Ways-, Whom-, When- What- 
and Who- to Teach in Science and 

Technology 

PG Michaelides 
University of Crete, Greece 

michail@edc.uoc.gr 

Abstract. Within the technology dependent 
contemporary societies, the effectiveness of the 
teaching in Science and Technology is 
acquiring more importance. Many relevant 
empirical and theoretical works have been 
published as a result of an extensive on going 
research. In this work, features of different 
parameters in the teaching of Science and 
Technology are presented in order to exhibit 
the overall picture of the field. The work may be 
useful otherwise also as this communiqué was 
produced in an attempt to understand 
seemingly conflicting research results. 

Keywords. Science, Science Teaching, 
Science education, Science and Technology 
Literacy. 

1. Introduction 

The welfare of our contemporary societies 
depends largely on Science and Technology 
(S&T) advances. However, only these whose 
skills include S&T Literacy may enjoy the 
benefits in full. S&T developments are rapid 
and coupled with a short time between a 
discovery (in ideas, in services, in technology) 
and its commercial implementation. As a result, 
the society is at large ignorant in S&T and 
cannot contribute, in a Vygotski context, to the 
required S&T Literacy, which, thus, may be 
achieved only through school education. This 
generates the need for an effective S&T school 
education and leads to continuing Education 
reforms elevating S&T education to a major 
component of school curriculum, comparable to 
language. Although the related theoretical and 
empirical research work is prolific [1], my 
feeling is that in most cases these education 
reforms are limited to changes in the syllabus 
(usually adding more themes), in the 
presentation of the themes i.e. by using the 
Information and Communication Technologies 
(ICT) or in the training of teachers to different 
teaching approaches. However, Teaching is a 
process, which, in order to be effective, many 
factors should be taken into account. This is 
especially true for the teaching in S&T where 

experiments and laboratory practice is required. 
In this work, we remember (briefly) some 
aspects of these different factors that may help 
the planning of an effective teaching in S&T. 

2. Why Teach Science and Technology 

A sound planning of teaching, especially in 
the areas of S&T, requires a clear 
understanding of the objectives for the specific 
teaching. This is essential because the answer 
to the questions ‘Why to plan this specific 
course? – What is the reason to include S&T in 
the School curricula?’ defines, more or less, the 
appropriate choices for the other factors. 

In general, the objectives set for the 
Teaching in Science and Technology fall within 
the following contexts. 

i. Cultural. S&T is a cultural asset of human 
civilization therefore it has its place in 
schools, especially in (early) compulsory 
education in which the prominent objective 
is the social inclusion of the future citizens. 
Within this context the importance is to raise 
awareness about the S&T advances and, 
possibly, about their consequences to the 
society. Failing to observe this has many 
disadvantages [2]. 

ii. Utilitarian. Science is the basis of 
technology and thus a sine qua non for our 
technology dependant societies. It is also a 
necessary and significant means to 
technological progress and thus to welfare. 
This objective prevails in Technical 
Vocational education and is also dominant in 
Higher Professional Education. Within this 
context, details on facts and data on 
specialized themes and an intensive 
laboratory work and a workshop practice 
[48] together with an in depth theoretical 
framework are necessary. 

iii. Personal development. S&T poses 
inherent advantages to the cognitive 
development, especially for young persons. 
Consequently in primary education, where a 
major objective is the development of 
cognitive skills, the teaching of S&T should 
be a major component of the curriculum [3]. 
Within this context, teaching approaches 
should include problem solving, inquiry 
based or project based techniques. It must 
be stressed that an effective implementation 
of this context objective is very appropriate 
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for the development of logic, an advantage 
for the education of young persons, the 
future citizens. 

iv. Social. The proliferation of S&T products, 
services, etc. in everyday activities changes 
social ethics and leads to the introduction of 
appropriate legislation. To preserve our 
Democracies as an active citizens’ 
participatory system, S&T Literacy is 
essential in order to understand introduced 
legislation and to choose between 
alternatives [4]. This implies also that S&T 
Literacy within this Social objective should 
constitute (according to UNESCO [5], [6]) a 
major component of the civil right for a 
quality education. This objective is closely 
related to the development of a knowledge-
based society and poses specific demands 
on the required instruction design. 

v. Educational. S&T Teaching may be 
effected through an educational environment 
for cross-thematic and/or interdisciplinary 
teaching. S&T teaching within this context 
has acquired attention rather recently 
although related teaching practices are used 
in schools but within education in other 
subjects (for example, in art teaching, 
techniques of painting use properties of 
colour mixing, of epipolar and projective 
geometry, etc.). In other cases, advances in 
S&T are used as a more effective means of 
teaching (see examples in [7], [8]). Within 
this context, the starting point of instruction 
is the observation of a natural phenomenon, 
which then is processed according to the 
subject, and the skills dexterities pursued. 
As natural phenomena are directly 
perceived by senses, this method is 
appropriate for persons in their early 
cognitive development i.e. young children. 
Results from an integrated science-literacy 
instruction may be seen in [9]. 

The context objectives above may refer to 
any subject of teaching. Which one prevails in a 
specific system of education depends on the 
values and priorities of the relevant society. In 
different education systems, more than one of 
the above context objectives coexist and, 
depending on the values and the perspectives 
prevailing, the context society assigns different 
priorities to them (see more in [10], [11], [12]) 
affecting thus the emphasis on the way S&T is 
taught, for example: 

 If the priority is Utilitarian, facts methods and 
techniques should prevail in the instruction. 

 If the priority is Personal development, 
complex cognitive skills have to be 
developed e.g. by problem solving, inquiry 
or project based learning with the syllabus 
focused on general principles and models. 

 If the priority is Social, project work and 
group work are useful resources with the 
syllabus focused on implications of S&T 
advances to the society. 

Our societies highly value the Personal 
development and the Social context objectives 
and have also declared an interest on the 
Utilitarian one. The Cultural context objective is 
necessary for the continuation of our societies 
while the Educational context objective may 
prove a useful and effective teaching tool. 
Consequently, a balanced mixture of all these 
context objectives should be used. Towards 
this, S&T seems to excel other subjects, 
especially on iii, iv and v [3]. Thus, there is a 
need for an effective S&T education, especially 
in compulsory education, in order to change for 
better (improve or at least not deteriorate) the 
quality of our societies [13]. 

Concluding, for primary education where 
students are in the concrete operational stage 
of cognitive development, S&T is the most, if 
not the only, appropriate subject for all the 
above context objectives, as the phenomena 
are perceptible through the senses and involve 
minimal abstraction intelligence. 

3. Ways to teach S&T 

As with every other subject, instruction in 
S&T may be effected through a variety of 
teaching instructions. However, in S&T there 
are some ‘sine qua non’ prerequisites, such as 
the observations of natural phenomena, the 
experiments in the laboratory and/or the 
practice in workshops, etc. Even within a 
simple context of a Cultural objective, where 
narration may be considered sufficient, S&T 
Teaching has to be related with, at least, 
observations of the natural environment. These 
prerequisites, although intrinsic to S&T 
Teaching, are sometimes ignored, may be 
because they are considered ‘a waste of time’ 
or because they require skills and dexterities 
from the teacher and the students or simply 
because they are considered ‘difficult’ and/or 
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beyond the abilities of the students, a 
statement reflecting the difficulties of the 
teacher rather than those of the students. 
There are many teaching approaches that, in 
general, may be adapted for the S&T Teaching. 
Any such adaptation has to incorporate 
sequences of the following activities: 

a) Observe i.e. collect evidence 
(measurements or other data) related to the 
theme under study from observations, from 
experimentation, from study of the literature, or 
by asking expert persons. 

b) Process the evidence to: 

i. Make them more understandable and 
explicable, 

ii. Check on their reliability, 

iii. Unveil existing patterns (relations) within 
these data.  

c) Hypothesize i.e. make ‘simple’ rules to 
describe (or explain) the patterns located 
previously. 

d) Test i.e. design the collection of new 
evidence (for example through more 
observations, through specifically designed 
experiments, from other’s experimental results, 
etc.) to discriminate between different 
hypotheses produced in the previous step. 

e) Conclude i.e. based on this new evidence, 
infer conclusions on the validity of the 
hypotheses considered and, if necessary, 
adapt them to the new evidence, repeating in 
this case the previous step. 

f) Retrospect i.e. review and reconsider the 
inferences and, if necessary, re-enter the 
process at the appropriate step  

g) Generalize i.e. make reasonable guesses 
on the validity of the conclusions inferred e.g. if 
they are valid outside the specific situations 
where the evidence was collected (‘define their 
extent of validity’), the conditions that may 
possibly invalidate them (e.g. accuracy of the 
observations, ‘hidden’ parameters, etc.). 

h) Communicate i.e. produce an appropriate 
way to communicate the results of their study.  

The above sequence of teaching activities is 
known with the, rather unfortunate, term of ‘The 

Scientific method’ (the term ‘Scientific Inquiry’ is 
also used). Popper [14] has commented it 
epistemologically, initially in its first form 
(Observe, Hypothesize, Test, Generalize) and 
more extensively later. 

When preparing a teaching instruction using 
steps of ‘The Scientific method’, the following 
may be found useful: 

1. The whole teaching approach should be 
organized to actively involve students’ 
participation – learning is a participating 
experience. In every step time for 
deliberation and reflection must be provided. 

2. Gathering evidence means empirical 
evidence in the form of data (e.g. a 
temperature indication) or in a descriptive 
way (e.g. at 0oC ice was formed) and not 
otherwise (e.g. interpretative ‘it is freezing’). 
This is essential in order to differentiate 
between the observation, which can be 
repeated and observed also by others, its 
subjective notion and its interpretation, 
which may not be unique. Interpreting the 
observations has a place in almost all other 
steps. The differentiation between data and 
their interpretation is useful in cases where 
the evidence is collected by asking people 
or by library-document search. It must be 
stressed that S&T is not quantitative data 
only – any such data should be checked 
within their context using judgement. 
Mastering this process denotes 
development of cognition as intellectual 
skills (e.g. ‘discriminations’) and verbal 
information (facts and labels – knowledge 
bodies) as they are defined in Gagné’s 
Conditions of Learning Theory [15]. 

3. Transforming ‘observations’ into ‘data’ 
requires an intellectual exercise in order to 
differentiate what is relevant to the issue 
under study and leads to the development of 
complex (‘higher’) intellectual skills 
(Concrete concepts, Rule using, Problem 
solving) as is the case with the other steps. 
It may also result in wrong judgement hence 
the necessity to check the validity of data, a 
very fruitful process [16] (‘learning from 
mistakes’ may lead to a better 
understanding of the issue under study). 

4. Collecting evidence through observations or 
by contacting experiments, especially when 
the guidance is not too detailed, is 
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advantageous because it activates the 
necessity to make successive decisions 
(what-how-when to observe, what to select 
for the record, how to arrange equipment, 
etc.). This is an exercise in problem solving 
based teaching and develops intellectual 
skills and a deeper learning. 

5. Direct observations from situations in
‘everyday life’ [17] help to raise awareness
on the impacts of S&T advances in
contemporary societies.

6. Direct experimentation with self-made
equipment [18] may be effected within the
general contexts of problem based, of
inquiry based and of project-based learning
[8]. These approaches use constructionist
principles [19] and present many
advantages, especially in the education of
non-Science specialists. This step promotes
learning levels of cognition strategy and of
motor skills (when the students are involved
in the construction of the equipment used)
and it may increase students’ self-esteem
(see examples in [20]).

7. For the education of specialists in S&T
when the arrangements of special
observations and of laboratory and
workshop practice with sophisticated
equipment is indispensable, an
understanding of the principles used to
construct the equipment is necessary in
order to assess its reliability and operational
conditions. If there is previous related
experience with self-made equipment this
task is facilitated.

8. When direct observation or experimentation
is not feasible, other alternatives such as
videos, writings, simulations, etc. may be
used. These are useful teaching tools and
means, also helpful in situations with time
limitations. Physlets [21] is an easy to use
example. However, they might be biased
towards the views and the interpretations of
their creator.

9. Step b)i is useful for a better understanding
of the evidence collected and for the
practice of valuable practical dexterities as
the reading and/or the construction of a
graph, a map, a histogram, etc.

10. Step b)ii is useful for a critical thinking on
the reliability of the evidence collected, on

‘hidden’ parameters (factors that may 
influence the data obtained – often they are 
exposed by repeating the evidence 
collection in ‘apparently’ similar situations). 

11. In step c) it is crucial to avoid leading the
students towards the ‘correct’ interpretation
(theory) of the data. Instead, effort should be
exercised to use creativity and invent as
many as possible differing interpretations
that could be tested against in step d).

12. Step d) is appropriate for the improvement
of ingenuity by the application of project-
based learning. The design of ‘fair testing’ is
one of the issues to consider. This activity
when applied correctly (e.g. using project
based learning instructions taking into
account the previous notes on observations
and experimentation) promotes learning
almost at all levels.

13. In steps e) and f) the conclusions inferred
should be based on the (total) evidence
collected and may lead to ‘multiple theories’
even outside the established model. In this
case the retrospection may be more useful
in understanding the principles involved.

14. Step g) is a practice to inductive inferences
valuable per se. It may also lead to a
retrospective recurrence of the whole
teaching experience that, if conducted
appropriately, may lead to long-term
learning.

15. Step h) is useful for the development of 
skills of communication through the use of 
various types of data representations 
(graphs, tables, histograms, etc.). This is a 
more advanced than step b) i and helps 
understanding the related means of 
communications used also in other 
circumstances.

‘The Scientific method’ raised constructive 
criticisms from Kuhn [22], Feyerabend [23] and 
Lakatos [24] whose arguments start from the 
point that this is not the only methodology in 
sciences and it is not a unique historical 
paradigm, even in Science. Followers have 
extended their criticism on other grounds, 
helping to improve the initial frame of ‘The 
Scientific method’ (Observe, Hypothesize, Test, 
Generalize) and understand better its aspects, 
but, sometimes, the critic is biased, unfounded 
or even outside the rationalism (as inherited 
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from ancient Greek philosophers and 
rediscovered in the Enlightenment). These 
criticisms mostly originated from a group of 
postmodernism deconstructionists, as they 
were called, claiming an ‘ideology’ of 
‘Humanism vs. Rationalism’ [25] commenting 
on issues of Science for which they had little or 
no knowledge and have triggered the ‘Sokal 
hoax’ [26]. 

‘The Scientific method’ is perceived today 
not as a linear process from a) to h) but as a 
continuum [i.e. a) to b) to … to h) to a) or d) 
etc.]. In this continuum, the entrance may be in 
almost any step. For example, in social 
sciences, theories were made and, when 
empiricism was introduced, these theories were 
tested (step d) above) while in Science step a) 
is usually the entrance. This continuum is also 
considered as a general course and in any of 
its activities the most appropriate method (i.e. 
teaching instruction for education or research 
approach for research) may be chosen. Within 
these refinements ‘The Scientific method’ is a 
useful teaching approach and, if applied 
correctly, promotes learning outcomes at all 
levels. However, its key importance is that it 
leads to the development of creative and of 
critical thinking, essential components for a 
rational reasoning. Other alternatives, 
especially in Science, would degenerate 
teaching into catechism or mystical initiation 
with dogma replaced by the ‘Holy book of 
Science’ with types of theological arguments 
(i.e. ‘dogmas’ without empirical proof) replacing 
rational (scientific) argumentation. Such an 
arrangement may seem comfortable for some 
people but leads to pseudoscience occurrences 
[27], to the retreat of rationalism and to the 
appearance of fallacies and superstitions. The 
use of the ‘Scientific method’ is also necessary 
for the dissociation between the empirical 
evidence with its interpretation and the 
personal beliefs with cultural behaviours - 
attitudes. 

4. Whom to Teach S&T

As a cultural asset of our societies and as a
significant component of the civil right for 
quality education, S&T Literacy should be 
addressed to everyone, irrespective of age or 
professional activity. Of course the objectives, 
the depth, the sophistication, etc. of the 
teaching differs according to the target groups: 

 For the general public there is a necessity

for S&T literacy in order for citizens to be 
able to fully enjoy the benefits of the S&T 
advances and participate or, at least 
understand, the policies (and their impact) 
that are introduced to regulate the situation 
occurring from the use of these advances. 
Teaching in this case is focused mainly to 
familiarisation within the cultural and the 
social objectives. This has been identified as 
a necessity to our societies and special 
actions are being undertaken (see for 
example the actions Science for All, Science 
and Society etc. of the European Union). 

 For technical, vocational and professional
education teaching has to be detailed and in
depth within the Utilitarian objective. Also,
the rapid advances in S&T impose a
continuous formal and informal training in
order for the professionals to keep their
competency and proficiency. This need for
training, sometimes evolving to full re-
education, has been recognized as a
characteristic of the labour force conditions
and is heavily subsidized in the European
Union and in other countries.

 For school and preschool education the
objectives are adapted to the specific
education system. In many countries there is
a preference towards the Cultural, the
Personal development and the Social
objectives humanities prevail sometimes
exclusively although, as is argued later, S&T
literacy is equally important.

In any of the above instances, the teaching 
approach selected should match the objectives 
and the profiles of the students. 

5. When to Teach S&T

The description in the previous section
implies that teaching S&T is appropriate or 
even necessary, at all ages. Here some notes 
focused on young schoolchildren’s (juveniles) 
S&T education are presented, mainly in the 
form of personal opinions and viewpoints. 

It is often stated that Science, especially 
within a disciplined context of ‘The Scientific 
method’, requires logical abstraction (formal 
logic) and is beyond the ability of juveniles thus 
S&T education is not suitable for them. 
Nevertheless: 

 Infants and young children seem to have an
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increased ability to adapt and respond to 
changes in their physical environment 
successfully almost always (or at least after 
a first experience). It is the way they 
assimilate social knowledge and behaviours, 
the use of tools and objects in their everyday 
life and form their character and beliefs to 
construct their own representations of the 
surrounding world. 

 Observations made by children may often 
be unsystematic or unrelated to the subject 
under study. Even if they seem 
unreasonable, they do have logic and it is 
the task of the teaching and guidance to 
intervene leading to learning and to the 
development of cognitive skills. This 
intervention however has to be in a rather 
delicate way in order to: a/sustain children’s 
self-esteem and interest, b/avoid implanting 
superstition (of the type ‘irrespectively of 
what you child believe the correct dogma is 
so and so’), and c/encourage and improve 
the creative thinking of children. 

 In kindergarten quite often there are 
activities such as painting, paper cutting – 
gluing and other simple constructions. 

 Children are observant to their physical 
environment and its changes and, when 
asked, they provide ‘explanations’ reflecting 
their representation of the observations. 

The comments above, even if they reflect 
low rates, indicate that in early childhood, 
physical environment observations and 
changes are feasible invalidating, at least 
partially, the acceptance of non-suitability. 
Within the context of an S&T course to pre-
service primary school teachers using 
Educational Robotics as education 
environment, some students undertook the task 
to teach a ‘Robotics’ course to primary school 
students [7]. They used hands-on activities with 
a mentor type guidance [28] in which the 
teacher plays the role of a member of the 
students groups exploring the situation together 
with the students. The school students 
responded immediately to the construction of 
the robot artefacts (when they had previous 
experiences with the Lego© bricks) and very 
well to the programming part of the robot 
artefact advancing from ‘trial and error’ 
attempts to more sophisticated approaches, 
indicating an understanding of the subject, 
which, however, was not reflected neither in the 

worksheets they filled during the course nor in 
the discussion followed. This apparent 
inconsistency was resolved when it was 
realized that school students of this age used 
loose expressions and metaphors to describe 
their thoughts. Perhaps this non-use of the 
correct technical terminology has contributed to 
the acceptance of non-suitability of the ‘hard 
sciences’ to small ages (see also in [29]). 
Furthermore, although there was not within the 
scope of the test teaching, there was indication 
that students changed their previous 
perceptions about robots. 

In my opinion, S&T education to juveniles, 
even at pre-school age is feasible, although 
difficult to be done properly, when attention is 
given to points such as: 

 Youth tend to move around continuously 
with small periods of intense and focused 
thinking. Consequently teaching should be 
organized in short timed actions preferably 
with hands-on activities. 

 Exploring their curiosity, any step of ‘the 
Scientific method’ used should be in a 
general exploratory way leaving the children 
to ‘discover’ every time the teaching 
environment that is either prearranged by 
the teacher or, preferably, set up within a 
teacher-students teamwork. This will keep 
their interest alive for longer periods helping 
them to participate actively in the teaching 
activities. Lecturing them to impose ‘correct 
knowledge’ is simply wrong. Guidance 
should be preferably within a mentor type 
context as youths usually reject authority. 

 Teaching activities should focus on prior 
beliefs and perceptions guiding children to 
shape them in reference to their 
observations. This is a difficult task because 
it requires scaffolding and quite often, may 
confront with home-established beliefs, 
especially in multicultural classes. 

 Teaching should encourage and inspire the 
‘discovery’ of relations between the different 
results from the teaching actions. Such 
relations may be in the form of mapping 
(e.g. one to one, one to many, many to one, 
many to many), cause and effect sequences 
(e.g. heating melts substances), 
classification e.g. locating similarities and 
differences in objects (including living 
species), in ideas, in shapes, in processes, 
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etc., time changes (in a person, in the 
environment, etc.) and so on. When such a 
relation is against previous conceptions it 
provides ground for a fruitful teaching. 
However if it is against strong beliefs of a 
student it may become insulting and needs 
delicate treatment. 

 Concepts are associated to names. In this 
association, the correct terminology should 
be respected and explained. Spotting 
differences in the meaning of a word (for 
example force, energy, work) within the 
context of Science (i.e. when this work is 
used as a ‘technical term’), and the meaning 
of the same word in everyday life is 
advantageous in promoting intellectual skills 
and helps to avoid misunderstandings that 
lead to misconceptions or to alternate 
conceptions. The explanation must be 
extended also to ‘technical expressions’, for 
example to ‘flow’ in ‘energy flow’ or in ‘heat 
flow’. The need for explanation is more 
imperative in languages where the words 
used as technical terms existed before their 
introduction as a technical term or 
expression.  

 The choice of the issues to be taught (the 
‘syllabus’) should meet the age and 
experiences of the children (see next 
section) with the teaching activities carried 
out preferably using simple and easily 
understood tools of everyday life. The use of 
sophisticated equipment may distract 
attention from the main issue and may give 
the impression that ‘Science is complex 
and/or not for everybody’. 

 Teaching activities may be organized either 
within the same (broad) topic (with the 
advantage of an in depth study within a 
context set-up once) or within (apparently) 
different topics (it may promote the skill of 
relating seemingly unconnected issues, a 
feature of creative - lateral thinking [30]).  

Although most of the above may apply to 
any form of teaching, they must be given an 
increased attention when teaching children of 
small age as possible inefficiencies may give 
rise to erroneous perceptions persistent and 
difficult to change. 

6. What to teach in S&T 

What and to what detail and extent to 

teach is crucial to any teaching as it defines 
the (basic) learning level of ‘Verbal 
Information’ in Gagnè’s taxonomy (the level 
of ‘Knowledge’ in Bloom’s taxonomy) on 
which more complex cognitive skills and 
dexterities may be developed. 

The creation of appropriate S&T syllabus 
must take into consideration the following: 

 The Syllabus should be specific to the 
intended teaching with the chosen titles 
(issues) clearly described in order to define 
the detail and the extent to which they will 
be taught. To define the syllabus indirectly 
through the school textbooks and enhance 
them with more chapters according to S&T 
advances until the volumes are 
unmanageable at which time ‘axing’ is 
performed is quite inadequate although a 
common practice in the past (still surviving 
sometimes).  

 Every syllabus is advisable to be developed 
afresh within the context objectives of the 
course, i.e.: 

 For a general awareness course 
(addressed for example to the general 
public) it will include as many topics as 
the available time permits, be limited to 
notions, applications and implications to 
society and be connected with everyday 
activities, omitting ‘technical details’. 

 For the development of cognitive skills 
the topics selected should match the age 
of the students, the availability of 
necessary equipment, etc. 

 For technical – vocational education the 
topics selected must include details and 
an emphasis to applications. Likewise, for 
professional education with the inclusion 
of a strong theoretical foundation added. 

 The curriculum should reflect the ‘state of 
the art’ in the following ways: 

 For every issue selected, the description 
should be in a ‘state of the art’ context 
and be presented in a consistent way, 
especially in compulsory education. The 
usual practice to present the syllabus in 
its historical evolution is inconsistent to 
the mentality of students and their 
experiences. Moreover this path ‘imprints’ 
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students understanding of Science with 
perceptions differing from what they are 
taught later resulting in a mental 
confusion. 

 The practice to use models from the past
to smaller ages (perhaps because they
seem simpler) requires conceptual
changes later in order to accommodate
the current model. For example, ‘Heat’ is
presented within the context of classical
thermodynamics (simplified or not) with
the ‘flow of heat’ being the key notion
leaving the concept of ‘thermal (or
chaotic) motion’ to a later stage, perhaps
to a University or to a specialized course.
This may explain why ‘Heat’ is
considered as a most difficult to
understand subject with many persisting
misconceptions and alternate
conceptions, many of them within the
notion of the Heat as a fluid flowing
between objects (‘caloric fluid’ [32]).
When later thermal motion is introduced
as a model for Heat, there are difficulties
and misconceptions even for students of
Physics at University level. My opinion is
that this is due to their previous and
persistent ideas (see [33], [34], [35]).

 The curriculum must include recent
advances and discoveries at least in their
conceptual form. It is unacceptable a
century after the theory of relativity and
quantum mechanics to hear from
‘gossiping passages’ in (text) books or
newspapers instead of learning about
them in school. The argument that this is
too difficult even at University level
seems valid if limited to teaching
professional knowledge. However, test
cases from conceptual teaching of
modern Science subjects have shown
encouraging results [36], [37].

 The history of Science may be useful
epistemologically but in S&T courses it
makes little sense to include it as assessed
material. It may be useful sometimes in
(advanced?) S&T technical-vocational
courses in order to compare different
techniques and in other analogous contexts.

 For every syllabus issue chosen, the detail,
the extent and the implied instruction should
observe the parameter of the Proximal
Development Region, introduced by Leon

Vygotski (see [38] for a collection of 
studies). 

 The development of complex cognitive skills
requires time for deliberation and an in
depth analysis of the subject studied, thus
the choice of relatively fewer subjects with
an in depth study seems more appropriate
for smaller ages where cognitive
development prevails. In technical-
vocational education coverage of more
subjects with details on facts, data and
applications is advisable. In courses for
general literacy many subject with only basic
details and with aspects of their impact to
everyday life should be chosen. In every
case a balance should be exercised
between the extents to which subjects are
studied, the detail of the study, the impacts
to society, etc.

 It is a good idea to accompany the syllabus
with teachers’ assistance, for example in the
form of teaching guidance, of textbooks, of
identifying specific issues (e.g. conceptual
difficulties, common alternate conceptions
and misconceptions, difficulties or potential
risks in experimentation), etc. This is
required (especially where a system for the
assessment of teaching is missing)
otherwise teachers using their initiative,
qualifications, goodwill and beliefs will make
their own selection and may omit important
parts (in S&T these refer usually to more
modern subjects) or teach them inefficiently
(for example as a newspapers’ article of
general information instead of a teaching
tailored to the objectives of the specific
course). Think, for example, what you have
actually learned in school about quantum
mechanics and relativity or about more
common subjects as electromagnetism and
heat or where did you hear about particle
physics, strings, the Higgs boson (alias
god(damn) particle [31]), a knowledge of
more than 50 years old.

 In the preparation of school textbooks the
phrasing of the text, the pictures and the
character of the textbook should be given
special attention:

 The phrasing is within the technical
vocabulary of the topic described. This is
necessary as it is part of the technical
terms of Science. However in many
cases the actual meaning of the phrase
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has to be explained. For example: 
‘electric current’ does not mean that the 
electrons or the electricity or whatever 
else moves like a water stream; ‘heat 
flow’ does not mean that heat is a liquid 
that flows from one body to another. 
Failing to explain the actual meaning, 
especially during the teaching to small 
ages, seems to foster misconceptions. 
The situation is more difficult than it 
appears because, in small ages 
especially, the language communication 
skills are not fully developed so teaching 
should be made with a phrasing from 
every day life and this phrasing is 
connected to perceptions not always 
consistent with the notions of the Science 
model used. 

 The pictures used to clarify the text
should match, as much as possible, the
actual scales of the world otherwise
explanatory remarks should be added.
For example in pictures of the solar
system (or of the atoms in the Bohr
model) an explanation about the
distances between sun and planets (or
between the nucleus and the electrons)
and the drawn dimensions of the planets
(of the electrons) accompanying the
picture may help to grasp the very large
(or very small) dimensions’.

 Textbooks as a knowledge reference tool
(where topics are presented) and
textbooks as a teaching tool to be used in
the classroom (usually containing 
teaching guidance and samples of course
worksheets) serve different purposes and
should be produced with different
specifications. Mixing these purposes in
the body of one book requires great effort
in order to have the different purposes
clearly indicated.

Finally, for every teaching planned, it is 
advisable to develop the syllabus afresh. Using 
syllabus prepared for another teaching may risk 
mismatches and situations incompatible with 
the course objectives. 

7. Who to Teach Science & Technology

The effective teaching in any subject
requires a variety of qualifications from the 
teacher. On top of these ‘general’ qualifications, 
additional demands are posed on the S&T 

teacher e.g. skills of observation, of 
experimentation, skills and dexterities of 
laboratory and/or workshop practice, etc. In the 
pursuit for an effective education, in general 
and in S&T, a wealthy and growing number of 
theoretical and empirical works have appeared 
(see for example in [39], [40], [41] where results 
from theoretical and empirical research may be 
found). The efficient S&T school teaching is a 
necessity to our technology dependant and 
knowledge based societies because, due to the 
rapid developments in the field: 

 Societies have not assimilated the
advances and there is a lack of
corresponding ‘technology culture’. This
culture may be promoted only through
(school) education. This lack of technology
culture is more prominent to the grown ups
than the younger persons (for the case of
Informatics see ‘Digital Natives – Digital
Immigrants’ in [42]).

 Society’s prevalent perception of S&T is
within the scope of developing technical and
vocational skills and dexterities, resulting in
maintaining the gap of the ‘two cultures’ [2].

As a consequence of ‘S&T ignorance’,
misconceptions, alternate conceptions and 
other teaching deficiencies are more frequent in 
S&T than in other subjects where some of the 
teaching deficiencies either do not appear or 
may be mitigated by the social environment. 

Most studies on the characteristics of an 
efficient teacher refer to one specific parameter 
i.e. the subject matter knowledge, the teaching 
approaches adopted, the communication skills 
with the students, etc. From these studies, it 
seems that although every parameter counts 
towards an effective S&T teaching, it is the total 
profile of the teacher that matters and that none 
of the qualifications alone is sufficient although 
many are necessary. 

In the reforms towards a more efficient S&T 
education, Teachers’ development (training and 
initial education) has emerged as a key 
question. To answer this question the desirable 
S&T teacher’s profile has to be determined, a 
rather complex task. In a school teaching 
experience, John, a middle school student 
answered the question ‘how is a good (i.e. an 
efficient) school teacher?’ as: the one who 
knows and can teach the subject, who answers 
the questions even in a following teaching, who 
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does not say rubbish, who learns with the 
students not pretending knowing everything, in 
summary, when, children learn. In my opinion 
this response provides a compact description 
for the profile of S&T teacher. 

For the education and training of teachers 
various models have been adopted between 
two opposite approaches as follows: 

A. Education with a strong psycho-pedagogic 
component and training to the ‘basics’ of the 
various disciplines (school subjects). This is 
the model used mainly for small ages 
including primary education where the 
emotional development is considered as the 
central objective of the school. In this model 
there is one teacher for all school subjects. 
As the subject knowledge of the teacher is 
rather weak (especially in S&T), this model 
has the drawback of possibly inducing 
incorrect understanding of syllabus topics, 
which will be difficult to correct in 
subsequent education, if any follows. 

B. Education with a strong ‘specialist’s’ 
education on a specific (broad) discipline 
and a basic (if any) training to teaching 
approaches. In this model there is a 
specialized teacher for every subject and it 
is encountered in secondary education, in 
technical-vocational education and in 
(professional) higher education where the 
main objective is detailed knowledge. As the 
teacher’s qualifications in teaching are 
rather weak, this model may have the 
drawback of low learning levels achieved, 
especially in general education (middle and 
high school). In strong technical – vocational 
and in professional education this drawback 
is mitigated by the intensive laboratory and 
workshop practice, which provide a working 
understanding of the subject and relevant 
operational skills. 

The models above do not answer the 
problem of transforming the knowledge on 
the subject and of the teaching approaches 
into effective teaching activities. Empirical 
evidence shows that this is not a simple 
straightforward task but involves special 
effort. Coupled with the need for continuous 
updates to the subject knowledge required 
by syllabus’ changes, especially in the S&T 
area, the need for a continuous training of 
teachers has emerged and the models in 
use vary within the following general 

approaches: 

C. Detailed ‘model teachings’ on the syllabus’ 
issues. Its drawback is that usually it is not 
possible to cover all the issues while it is 
also necessary to repeat the training in 
every syllabus’ changes. 

D. Training with emphasis to learning theories, 
teaching models and, possibly on specific 
points about issues of the subject matter 
(e.g. misconceptions and other difficulties of 
understanding). In this model it is assumed 
that the teacher will be able to transform the 
acquired knowledge into effective teaching 
activities, an assumption with unsupported 
evidence [43]. 

A problem that tampers with the efficiency of 
the previous training programs is that the 
training is ‘out of the job’ in specially 
prepared training centres, for example in 
Universities or in schools outside school 
hours, resulting in: a/a dissonance between 
the training and the actual school teaching 
planning depriving the teacher trainees of 
the practice within an immediate and 
supervised implementation of what they 
have learned, b/a disruption to the school 
program either because permanent teachers 
are replaced or because permanent 
teachers have to attend the training on top 
of their teaching, c/experienced trainers, 
especially in S&T, occur in low numbers 
and, also, they may not be aware of special 
conditions prevailing in the trainees’ schools 
that impose a different to the training course 
teaching approach. Another effective in-
school training model for the S&T teacher 
has been proposed in [44]. Parameters of 
this model have been tested with positive 
indications [45]. 

Other crucial parameters for the S&T 
teacher include: 

E. What constitutes a sound knowledge of the 
subject matter for the S&T teacher, 
especially in view of the advances and the 
subsequent changes in the syllabus? It is 
evident that the traditional meaning of a 
detailed and extended to the whole area 
knowledge of S&T subjects is neither 
possible (even for professionals) nor 
necessary. Even if this knowledge is limited 
to the subjects actually taught in schools the 
continuous adaptations of the syllabus make 
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the effort fruitless. 

F. If we suppose that the S&T teacher has the 
necessary subject matter knowledge is he – 
she able to adapt (usually to make it simple) 
to the level of his – her students? Existing 
evidence points that the S&T teacher mostly 
repeats the way he – she was taught 
meaning usually either narration or 
‘complex’ mathematics (…we have verified 
… in many cases that a student’s incapacity
in a particular subject is owning to a too 
rapid passage from the qualitative structure 
of the problems … to the quantitative or 
mathematical formulation … normally 
employed by the physicist [46]). 

G. In S&T School teaching, students often 
seem to have knowledge surpassing that of 
the teacher, i.e. in the use of specialized 
computer applications or from news reports 
etc. and the qualifications of the teacher 
should include the handling of these 
situations. 

In view of the above I think that the 
education of the S&T teacher should take 
care of the following: 

H. H. Focus on conceptual understanding of 
the subject matter. It may be achieved using 
simple understandable models for the 
natural phenomena studied [47]. 

I. The issues studied should represent natural 
phenomena closely with only the very 
necessary abstraction level. Otherwise 
Science may be distanced from the real 
world (think for example the simple 
frictionless kinematic taught in school and its 
resemblance to the real world). Although it 
seems a very complex task ‘to solve’ even 
simple phenomena, remember that a main 
objective of Science teaching in small ages 
is not to inform but to develop cognitive skills 
and this may be achieved within the context 
described in section 2-How to teach S&T. 

J. In general, the teaching approaches used 
for the education and training of the S&T 
teacher should reflect the appropriate 
teaching methods in school. This way the 
teacher may repeat this kind of teaching as 
is suggested by the empirical evidence or if 
confronted with difficulties to make 
necessary adaptations in the classroom [43]. 
Within this context, the use of project based 

teaching for the collection of evidence 
(observations, experimentation…) seems 
advantageous. 

K. Depending on the level of education and on 
the objectives of the specific S&T teaching, 
appropriate adaptations should be made to 
the different steps of the ‘Scientific method’. 
For example, general education (especially 
if addressed to small ages) the collection of 
evidence should exploit the environmental 
context of the students associating everyday 
activities and phenomena to Science 
concepts [17] while in the technical-
vocational and in professional education the 
literature review (e.g. from handbooks of 
technical data) may suffice. 

L. A fundamental constituent of any Teaching 
in S&T is the laboratory and the workshop 
practice, which must be adapted to the 
objectives and the level of the specific 
curriculum through relevant activities 
organized with active participation of the 
students. For example, in general education 
the use of self-made equipment [18] seems 
advantageous e.g. when there is lack of 
equipment or of technical support, a 
situation observed in many schools 
especially in rural areas and in primary 
education. In professional education 
specialized equipment may be necessary. In 
awareness courses addressed to the 
general public demonstrations, computer 
simulations and video may suffice. 

M. The teachers’ difficulty to transform 
knowledge into school activities may be 
moderated, at least in compulsory education 
which focus mainly to the students’ cognitive 
development and socialization, by 
organizing teaching activities for the 
education of teachers in two levels a/an 
advanced level for the teachers themselves, 
and b/a level more appropriate for school 
teaching. This organization covers subject 
matter and its didactics, i.e.: 

 The collection of evidence through
observations and experimentation may
be delivered through ‘polymorphic’
teaching activities [49]. These activities
include a common psycho-motive activity
to collect evidence (e.g. make
observations, take measurements, do
experiments...) that consequently is
processed through a morphing
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appropriate for the different education 
levels and the objectives pursued. 

 Using guidance in the form of mentoring
is more advantageous to traditional
tutoring [50] and, in case the teacher has
difficulties to organize the instruction, it
may balance teaching deficiencies if the
teacher repeats it into classroom. This
way, any insufficient knowledge of
subject matter may also be managed.
Mentor type guidance may seem as time
consuming but I think that its advantages
are far more. Besides, S&T Teaching
aims to learning and to the development
of cognitive skills and not just to transfer
information.

It is evident that, within the context of S&T 
teachers’ education and training, special 
attention should be observed towards the 
previous arguments a task not so trivial. Such 
an implementation is presented in [8]. 

8. Closing Comments

The effective Education in Science and
Technology is a complex process depending on 
many equally important parameters. Due to the 
rapid advances in this area, which have not 
been assimilated by the society, an effective 
S&T education and training becomes crucial in 
order to sustain the welfare of our technology 
dependent and knowledge based societies. To 
this aim specific focused actions have been 
launched in all countries. Even, in actions 
focused to the technical, vocational and 
professional development of the work force, 
modules for a deeper understanding of the 
basic principles of S&T advances and their 
impact to the society are envisaged on top of 
the training. In my opinion, although these 
actions are necessary to keep the 
competences of the work force, a long term 
strategy must include specific additional 
measures focused to: 

 The education of pre-service (would be)
S&T teachers and the training of in service
S&T teachers as discussed in section 7-
Who to Teach S&T.

 The education in small ages including
preschool (as discussed in section 4-Whom
to Teach S&T).

 The general population with a two-fold aim:

a/to include them as beneficiaries of the 
S&T advances, and, b/to accelerate the 
evolvement towards an S&T conscious 
society – parents and the adults of the 
surrounding society pass their beliefs and 
attitudes to the new generation even before 
schooling. 

 S&T teaching in schools, especially in
compulsory education, should change
towards methods promoting the active
participation and exploring the imagination
and creativity of the students as discussed
in section 3-Ways to teach S&T.

 Subject matter in the syllabus should reflect
the state of the art and be presented in a
consistent way with the historical path of
S&T evolution to exist only for ‘good
reasons’ compatible with the course
objectives as discussed in section 6-What to
teach in S&T.

 Special attention should be given to
Compulsory education (especially to Primary
education) in order to balance the ‘one-eyed’
bias towards humanities that nurtures
erroneous conceptions on S&T issues and
enlarges the ‘two cultures’ gap. It will also
have long term advantages because: a/it is
the longest component of compulsory
education, b/students in this age form their
character and most of their cognition skills,
c/the efforts for an efficient S&T teaching in
Compulsory education will ‘pay off’ later
making teaching easier (fewer erroneous
conceptions to ‘combat’) and in society with
more of the population being included to the
benefits of the S&T advances. The ideas
expressed in the previous sections
(especially sections 3-and 7) may be useful
towards this aim.

 In specialists’ education (especially in
higher education) the teaching is focused
mainly (and correctly?) on Verbal
Information and Intellectual Skills (Gagné’s
taxonomy) with the otherwise professionally
competent teachers having, usually, little
understanding of pedagogy (learning
theories, teaching approaches…). Only
recently high top higher Institutions have
introduced pre-service training in these
matters, mainly to raise awareness to the
different cultural backgrounds of their
students. More is required in order for the
students, who will start their professional
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career years later, to acquire long-term 
understanding in order to be able to cope 
themselves with the evolution changes they 
will encounter during their professional 
career. 

 ‘The Scientific method’ is an indispensable
tool towards a teaching in S&T when its
steps are applied broadly as ‘general
directives’, (especially in view of the last
remark of section 3-) but without denying its
purpose. To quote from [51] (the
emphasizing is mine): … cultural
understanding … is not sufficient to ensure
students' full participation in science …
teachers also require knowledge of the
nature of science as defined by Western
tradition. Such knowledge may be
incompatible with the cultural values and
interactional styles of some teachers and
students … the rules of science inquiry,
including the use of empirical evidence,
logical arguments, scepticism, questioning,
and criticism, may be incongruent with the
values and norms of cultures favouring
social consensus, shared responsibility,
emotional support, and respect for authority.
In contrast, teachers who are
knowledgeable about science, but not about
the cultures of their students, may
emphasize inquiry without making science
relevant to students. Note that cultural
understanding and social consensus means
the coexistence of different culturesand not
domination by brute force of one on the
others. If this is not a contemporary utopia, it
may, possibly, be achieved through an
effective education in S&T (see [52] for a
Science teaching to students from different
cultures).

Education in S&T has emerged as a key
factor in our day with a plethora of research 
and on the field works appearing in scientific, 
educational and other journals, conferences, 
workshops… [53]. 
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education refers to the development of 
skills and dexterities applying knowledge 
and techniques to the construction, 
maintenance, of goods or to the running of 
services. ‘Professional’ education refers to 
the detailed study of an area of sciences 
and knowledge, it may also include a minor 
or stronger technical – vocational 
component, the higher education is an 
example. 

[49] Michaelides PG. “Polymorphic Practice in 
Science", proceedings of the 1st Pan-
Hellenic Conference on the Didactics of 
Science and the introduction of New 
Technologies in Education. 1998 May 29-
31. Thessaloniki, Greek. Thessaloniki:
University of Thessaloniki; 1998. p. 399-
405. 

[50] Traditional tutoring aims to the objectives of 
the teaching referring to cognition while 
mentor type teaching, without neglecting 
these objectives, aims on guiding the 
student to feel confident and become able 
to solve his/her problems in general – see 
[28].  

[51] Fradd SH, Lee O. Teachers' Roles in 
Promoting Science Inquiry With Students 
From Diverse Language Backgrounds. 
Educational Researcher. 1999 Aug-Sep. p. 
14-20. http://edr.sagepub.com 

[52] Lee O, Fradd SH. ‘Science Knowledge and 
Cognitive Strategy Use among Culturally 
and Linguistically Diverse Students’. 
Journal of Research in Science Teaching, 
Vol. 32, no. 8, p. 797-816. 1995. 

[53] A Google search with keywords ‘Science 
Education’ or ‘Science Teaching’ returned 
469Million and 81 million hits respectively 
in about 0.3sec. Even for the less spoken 
Greek language the corresponding hits are 
179 and 18 thousands. Although there are 
large overlaps and repetitions these 
numbers are indicative of the relevant 
activities. 
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Abstract. Given that a small number of pre-
university students were to participate in the 
Science Week at the University of Vigo, a 
series of activities was designed in order to 
make the most of the informal learning 
experience, both in terms of knowledge 
construction and skills acquisition. Despite 
there not being a significant number of 
participants, the methodology and analysis 
employed could be useful as a reference for 
similar activities. 

Keywords. Energy, environment, informal 
learning, materials, problem bassed learning, 
university. 

1. Introduction 

It is the job of all educational agents and 
researchers to use the necessary tools so that 
the public can perceive Science and 
Technology as the source of their wellbeing, 
wealth, progress, and prestige both at home 
and abroad. [1] 

Visits to interactive museums can partly fulfil 
that mission and be a complement to science 
learning undertaken at school. So that the 
museum can be a genuine learning tool during 
school visits, strategies and approaches are 
needed that are based on the students’ 
learning more than on the hands-on modules 
themselves. In general, teachers set very 
limited or generic aims for a museum visit, 
mainly to connect science to society and to 
have a fun science class [2]; there is often little 
accompanying or follow-up material in the 
museum, which works against the positive 
expectations from successful work done 
beforehand [3,4]; and a constructivist 
interaction between the learners and the 
teacher, who acts as a learning facilitator, is 
fundamental in this context [5-9]. 

Since 2007, The Higher School of Mining 
Engineering (HSME) at the University of Vigo 
has held a science dissemination activity as 
part of its Science Week. It is aimed at pre-
university students and is based on the 
provision of practical workshops for them to 
attend in the form of small, informal, fun 
learning areas that attempt to clone or replicate 
the conventional model of an interactive or 
science museum in the Mining School’s 
research and teaching facilities [10]. 

This space allows the community around the 
centre to approach its research and to receive 
its results and is run by the HSME’s teachers, 
research staff and students in their final two 
years of study. The atmosphere is one of 
explanation-attention by peers or equals in a 
collective and cooperative activity in which the 
students are co-responsible for its definition, 
assembly and monitoring. 

The monitor-guide students are trained 
before the event by teaching and research 
staff, who also carry out coordination and 
organisation tasks to set the guidelines for the 
contents, the corporate image for the audio-
visual presentations, and the protocols for how 
the material is to be presented and interpreted 
(Figure 1). 

By allowing the public to have direct contact 
with research material that has been 
interpreted and adapted for dissemination, this 
activity seeks to take university life to the 
people and foster a vocation for science and 
technology among the young while at the same 
time introducing the real world of the laboratory 
to the public (Figure 2). This includes, for 
example, those related to (Figure 3): an active 
demonstration to simulate explosives handling; 
active demonstrations of field work using 3D 
laser contour scans; image taking using a 
thermal camera; hands-on activities to show 
the possibilities of sustainable energies in 
general, and biomass in particular; and 
activities that clearly show the characteristics 
and properties of new materials such as 
ceramics, metals or hybrids. 

During the 2014-15 academic year, the 
teachers at the Pedra da Auga Secondary 
School proposed centring their work on small 
groups using as a basis the modules provided 
during Science Week, in an attempt to make 
the most of their visit to HSME by completing 
the information on offer there with preparation 
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work on the five modules included in the visit. 

 
Figure 1. Guides, interpreters, intermediaries, 

monitors, presenters and mediators 

Activities were proposed for before, during 
and after the visit. The core idea was to try to 
link the contents of the modules with the topics 
for Physics and Chemistry in the 4th year of 
compulsory secondary education in such a way 
that the visit could be used as a teaching 
element integrated into the classroom 
curriculum. Learners were also encouraged to 
use information and communication 
technologies (ICTs) by setting up and keeping 
team blogs, gathering information from online 
and presenting results in an electronic format 
(PowerPoint and Prezi). All the blogs were 
made available on a webpage created 
especially for the occasion under the generic 
name “megascience” [11]. A lab activity was 
also included for each group, which meant the 
experience could be turned into an emulation of 
real scientific work. The proposal also involved 
public exhibition of the results and conclusions 
before a panel made up of teachers from both 
centres and learners from other years. 

This work presents the experience before, 
during and after participation at the 2014 
Science Week and shows the learning 
outcomes achieved after the prior preparation, 
the tasks during the activity and the actions 
taken later back at the school. It presents the 
results of our own evaluation, by peers and for 
satisfaction. 

2. Coordination and collaboration in 
Science Week participation 

In order to make significant use of an 

informal out-of-school visit, not only 
conceptually but also emotionally and socially 
in terms of the contents of the formal 
curriculum, tasks of relating, guiding and 
contextualising are required [12]. It is 
necessary, as far as possible, to link the 
itinerary at the visited centre to the curriculum 
of the students involved by designing a series 
of activities that will make the most of the 
resources available [13] and involve work both 
before, during and after the visit [14]. 

The idea is to arouse the students’ interest 
in Science without forgetting to raise questions 
that attempt to explain a particular reality, and 
thus not leaving to one side the open and 
changing nature of Science as a whole [14-16]. 

 

Figure 2. Public participation at the 2014 event 

Pupils were also asked to take part in role-
model activities or to design and construct 
technological elements or carry out scientific 
workshops that involved solving or overcoming 
a problem or challenge. This way of learning, 
with fully active students, develops important 
competences: basic features of scientific work 
(such as team-working skills, organisation and 
methodology, analytical and communication 
skills and initiative), the use of ICTs, 
interpretation and use of data and information, 
Science-Technology-Society (STS) relation-
ships or the practical and safe use of lab 
material [17]. This is what really sticks in their 
minds and they will be able to re-use the 
learning and, of course, improve upon it with 
new material from later courses that 
complements the material used here. 
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Figure 3. Some examples of workshops from the 

2014 event 

3. Structured activity proposal 

Five groups of three pupils were formed and 
each one selected a module from those on 
offer at the HSME Science Week as the 
objective of their scientific research and activity. 
Each group defined the questions to ask during 
the visit on the basis of a review of material 
provided by the teacher or obtained from the 
Internet. During the visit the groups were 
structured as small press groups: interviewer, 
secretary and photographer (Figure 4). Their 
work was rounded off with experimental tasks 
and the creation of a blog for each group in a 
shared space which took advantage of the 
programme contents and provided extra 
information for students to use in their work 
both in the classroom and at home [18-22]. 

An attempt was made to link the different 
module contents to the 4th year curriculum 
studied by the groups. Some were common 
elements such as the importance of scientific 
research (recognising that the scientific process 
is a team effort to create and disseminate 
knowledge, and carrying out team-based tasks 
for scientific research) and the importance of 
Information and Communication Technologies 
(ICTs) in scientific work (using them to draw up 
and defend a research project). Others were 
specific to the different modules. 

An initial test of prior knowledge was 
undertaken, which confirmed that the 
participating students, except for basic notions 

about the contents studied in previous years 
such as light and atoms, did not have a clear 
idea of the subjects in the teaching proposal. 
During the visit, each group took part in the 
presentation of all the modules, and after each 
one the members of the specific team assigned 
that module approached the monitor to ask the 
questions they had prepared. The aim was to 
glean information from the monitor’s answers. 

 
Figure 4. Visit by students from IES Pedra da 
Aula Secondary School to the 2014 Science 

Week 

An initial test of prior knowledge was 
undertaken, which confirmed that the 
participating students, except for basic notions 
about the contents studied in previous years 
such as light and atoms, did not have a clear 
idea of the subjects in the teaching proposal. 
During the visit, each group took part in the 
presentation of all the modules, and after each 
one the members of the specific team assigned 
that module approached the monitor to ask the 
questions they had prepared. The aim was to 
glean information from the monitor’s answers. 

Subsequent experimental work on the 
modules in the pre-university centre added 
value to what had been learnt during the 
participation in Science Week (Figure 5). Thus, 
for the renewable energies module [18], dry 
distillation of wood was undertaken to obtain 
acetylene gas. 

For the explosives technologies module [19] 
an experiment was carried out to obtain 
hydrogen and then water through the explosive 
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reaction with atmospheric oxygen (implosion). 

Figure 5. Complementary experimental activities 
in the school lab 

For the module dealing with 3D laser and 
geo-radar surveying [20], a project to construct 
a pinhole camera obscura (simple and double) 
was proposed to use the basic knowledge of 
light phenomena that had been studied in 
previous years. 

For the energy efficiency module [21] a 
project was designed around water heating to 
show the difference between the heat used to 
change the state of the material and the heat 
used in the heating-cooling. 

The group involved in the new materials 
module [22] carried out studies on the different 
properties of materials such as their density or 
hardness. 

Each group made a public presentation, 
which included a brief description of their blog 
(Figure 6). 

4. Results and evaluation

Since 2007, centres taking part in the HSME
Science Week have been given an activity 
evaluation survey to fill out and send back after 
the event [23]. The survey results provide 
interesting information concerning the effect of 
the visit with regards student attitudes to 
Science and scientific knowledge. In 2014, 95% 
of all the surveys handed out were received 
back. In general, the impact of the activities on 
visitors was in the main considerable or 

outstanding. The perception of the pupils from 
the Pedra da Auga secondary school with 
regards the degree of suitability, knowledge, 
learning and satisfaction did not differ much 
from the general averages for the activities. 
This was also true in terms of the attention 
received, the materials used or the 
organisation. The general assessment of the 
activity (7.4) is very close to the overall average 
obtained for all eight years (7.7). 

Figure 6. Presentation session of the 
assignments 

The result of the process, which was 
enriching and motivating, was highly positive, 
showing students’ individual mastery of 
language and new audiovisual IT technologies. 
This estimation, gathered by teachers from the 
Pedra da Auga secondary school, also agrees 
with that given in the surveys, which were 
carried out using a simple rubric for the 60 or 
so pupils from the 3rd and 4th years of 
Compulsory Secondary Education (CSE), 4th 
year of the Curricular Diversification 
Programme (CDP) and 1st year of the 
Baccalaureate who had attended the 
presentations (Figure 7). 

During the third evaluation a test of final 
knowledge was set. This was to check the 
educational effect of the activities with regards 
the subject matters for Physics and Chemistry. 
The results obtained contrasted with those from 
the knowledge test taken prior to the activities. 
They are given in Table 1. In order to quantify 
the persistence of prior knowledge, the learning 
gains coefficient g was used [24]: 
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Figure 7. From left to right: biodiesel (WEB 4), 

explosives (WEB 5), 3D camera (WEB 6), thermal 
imaging (WEB 7) and new materials (WEB 8). 
Assessment criteria: 1 incomplete contents; 2 

improvable contents; 3 correct contents; 4 
relevant contents; 5 very relevant contents 

This relates the percentage of correct 
answers before and after and assumes a high 
gain for values over 0.7, an average gain if the 
value is between 0.3 and 0.7, and a low gain 
for values under 0.3. 

 
Table 1. Results for pupils in pre-and post-tests 

for knowledge by group for the activities: 
Biodiesel, Explosives, 3D Camera, Thermal 

imaging, New materials 

 
Figure 8. Bland-Altman analysis of Table 1 

The overall gain coefficient has a value of 
g=0.3, on the threshold between low and 
average scores. Agreement between the tests 

was carried out by using the graphical analysis 
given in the study by Bland-Altman, using the 
MedCalc program in this case [25]. This test 
compares two tests carried out and visibly plots 
the dispersion and relation of the data and the 
differences between both of them compared to 
the mean. 

The graph (Figure 8) indicates acceptable 
improvement between both tests inasmuch as 
the difference between them was 2.2. The 
limits for agreement, with confidence level 95%, 
are defined by this mean value plus/minus 1.96 
times the standard deviation of the differences, 
1.47, which means that most of the pupils are 
close to the mean. 

5. Conclusions 

In order to create the conditions for efficient 
knowledge construction during participation in 
an informal learning activity, the activity should 
to be integrated within the syllabus for that 
year’s study and the pupils should develop their 
autonomy within their own possibilities, being 
encouraged to carry out their own research 
from the information they have about the 
questions asked in the classroom before 
visiting the activity, and based on the 
hypotheses that were formulated [26]. That is, 
later participation begins with preparation 
beforehand in the classroom. Afterwards, the 
teachers take the discussions arising before 
and during the visit and raise questions in order 
to redistribute the work done by the groups, 
guiding the sharing, reformulating the various 
contributions and indicating the result obtained 
by the scientific community. If it is not done in 
this way, and there are no clearly programmed 
objectives, or no strategies that allow the pupils 
to gather information on the basis of a 
previously discussed challenge, then the 
objectives being sought may not be achieved. 

This work presents an intervention proposal 
based on the participation of a small group of 
pupils from the Pedra da Auga secondary 
school in the Science Week organised by the 
HSME of the University of Vigo related to 
energy, new materials and the environment. A 
series of activities (for data gathering, handling 
experiments, presentation, etc.) were designed 
with collaboration among the teaching staff of 
both centres in order to develop competences 
beyond knowledge acquisition, such as 
interaction with the physical world, learning to 
learn, personal autonomy and initiative, and 
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handling new information and communication 
technologies (ICTs). In terms of knowledge 
construction from these informal activities, it 
can be seen from the pre- and post-tests that 
learning was better when the pupils showed a 
high level of participation. For example, the 
groups for Explosives and Thermal Imaging, 
who scored highest for the presentation of their 
work, also showed a greater degree of gain 
between the two tests. 

In this sense, the overall results show a 
positive impact on participants, not only in the 
degree of self-esteem perceived during the 
process but also in the satisfaction derived from 
presenting all their work to the rest of the 
educational community. Blog creation, in 
addition to developing ICT skills, allowed the 
other pupils, teachers and families to see the 
results of the activity (scientific 
experimentation, design and construction of 
technological devices, the motivation shown in 
the project, etc.) which added value to the work 
done and avoided the possibility of there being 
a passive attitude. 

Despite the sample size of participating 
pupils not being significant, it can be 
understood that the protocol followed could be 
used in other informal learning situations at pre-
university level, where success of the proposal 
depends on the work done before, during and 
after the activity. 
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Abstract. The study presents the design-
based research results of the development of 
educational methods and tools containing 
hands-on experiments in playing and games 
appropriate for the formation of science 
concepts in pre-school. Specific examples of 
these hands-on experiments are presented. 
The formation of science concepts begins from 
birth. Children have cognitive needs which 
motivate them to actively get to know the world. 
Some basic science concepts (shape, size, 
volume, time, colour etc.) are formed at pre-
school age in non-formal education as 
preconceptions, which strongly affect 
continuous science education. Therefore the 
formation of science concepts is an important 
educational objective for pre-school education 
in families and kindergartens. Hands-on 
experiments implemented into playing and 
games have an important role in the formation 
of science concepts. 

Keywords. Concept, formation, hands-on 
experiments, pre-school, science education. 

1. Introduction 

Cognitive needs motivate child to get to 
know themselves and the world around them 
actively from birth [2]. The core approach of 
forming the first science concepts is inquiry 
through all a child’s senses. Children perform 
simple observations and experimentation with 
objects in their surroundings and with their own 
bodies. In this exploration children discover the 
characteristics of objects such as shape, size, 
colour, temperature etc. This is the origin of 
children’s first notions of the world, known as 
preconceptions. These preconceptions and in 
particular misconceptions significantly affect the 
formation of scientific concepts in future 
science education. When forming scientific 
concepts, observation and experimentation 
play an essential role. A specific role is played 
by hands-on experiments [3]. Hands-on 
experiments should be set in children’s playing 
and games, especially for motivation. The study 
focuses on the role of hands-on experiments in 

the form of toys in the formation of scientific 
concepts in pre-school formal and informal 
science education. 

2. Rationale 

Playing and games are natural children’s 
activities that are necessary for complex 
personality development. Playing and games 
can be defined as free activities which bring the 
satisfaction of needs, enjoyment, entertainment 
and also some knowledge and experience for 
players. These activities are enjoyed by 
children very much and create the basis of life 
[5]. Hands-on experiments are a natural basis 
for playing and games. The characteristics of 
objects, such as shape and size, are the 
concepts which result from children's initial 
observing and experimenting. After that the 
notions of space begin to form, thanks to the 
mutual position of objects. Using the research 
methods of observation of children’s activities 
and structured interviews with children’s 
parents and teachers at kindergartens (in 2011-
2014), children’s formation of other 
characteristics of objects (colour, temperature, 
elasticity, hardness, etc.) were discovered. The 
child also acquires the basic knowledge of the 
characteristics of substances. The formation of 
a child’s awareness of substances is also 
based on hands-on experiments into playing 
and games. Preschool-aged children continue 
to form science concepts with regard to natural 
phenomena. 

3. Research question and methods 

The role of hands-on experiments in the 
formation of concepts in pre-school science 
education was the objective of our research 
with the research question: 

Which hands-on experiments can support 
the formation of concepts in pre-school science 
education? 

Design-based research [4] as a 
development research method was used. This 
research can be described as a cycle: analysis 
of a practical problem, development of 
solutions, evaluation and testing of solutions in 
practice, and reflection and production of new 
design principles. As part of this research, 
research methods such as comparative 
analysis of toys, observation of children’s 
activities, interviews and action research etc. 
were used. 
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4. Research results 

A set of educational methods using hands-
on experiments in playing and games were 
discovered and developed. The children 
observe objects and perform hands-on 
experiments into playing and games. These 
appropriate hands-on experiments in playing 
and games can support the formation of 
science concepts [1]. Design-based research 
has resulted in a series of interesting findings. 
These outcomes are divided into several parts. 

4.1. Flat shape of objects 

The children form their preconceptions by 
hands-on experimenting with objects of 
different shapes and sizes. A comparative 
analysis of about 200 toys offered in toy e-
shops was applied. Two basic types of toys 
forming the children’s ideas of the shape and 
size of objects were identified. 

 
Figure 1. Inserting objects into the matrix 

The first kind of these toys usually have the 
form of a flat matrix with various shapes cut in 
it. The child tries to insert a shaped object into 
the appropriate matrix hole. To motivate the 
child more the inserted objects can represent 
animals, houses, trains, cars etc. (Fig. 1). 

The second kind of these toys are objects of 
different basic planar shapes falling into 
appropriate holes in the container (Fig. 2). 

4.2. Size of objects 

These toys are made as a set of identically 
shaped objects differing in size. The children 
insert the smaller objects into the larger ones 
step by step (Fig. 3). The motivational effect is 

increased by objects shaped as figures, etc. 
Russian “matryoshka” dolls are a known variant 
of this toy. 

 

Figure 2. Inserting objects into the container 

4.3. Colour of objects 

The child learns to identify and distinguish 
the colour of the objects. There is a wide range 
of toys supporting the formation of the concept 
of colour. These toys are based on colour 
differences or uniformity. 

The first type of these toys is a set of objects 
of the same shape and size (blocks etc.), which 
differ in colour (Fig. 4). The child’s task is to 
identify the individual colours.  

The second type of these toys leads to 
objects of the same colour being grouped (Fig. 
5). 

4.4. Combination of object shape, size 
and colour 

The formation of concepts such as shape, 
size and colour should be developed through a 
combination of these. There are a lot of 
appropriate toys (Fig. 6 and 7). 

4.5. The characteristics of substances 
examined by touch and other 
senses 

The child also learns the characteristics of 
substances such as paper, glass, wood, plastic, 
metal, ceramic, rubber, etc. These substances 
have specific characteristics such as plasticity, 
elasticity, hardness, etc. The concept of 
substance characteristics can be also formed 
by hands-on experiments in the form of playing 
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games. Through observation and hands-on 
experimentation children classify substance 
characteristics using a combination of their 
sensory perceptions. A set of experiments for 
the concept formation of substance 
characteristics was developed: 

 

Figure 3. Set of objects of different sizes 

Firstly, the child touches objects (for 
example balls – Fig. 8) made of different 
substances and so becomes familiar with 
various substances. The child touches the 
balls, looks at them and performs hands-on 
experiments (a rubber ball is elastic etc.). Then 
we put the balls into a bag. The game is based 
on the task to identify the ball made of a 
specified substance only by touch by inserting 
their hands into the bag with the balls. After 
identifying the substance of the ball, the child 
takes it out of the bag and verifies the 
correctness of the choice. 

 
Figure 4. Objects of different colours 

4.6. Study of natural phenomena 

A higher stage of forming concepts is the 

study of natural phenomena through hands-on 
experiments in playing and games [7]. Some 
examples of these experiments with balls are 
presented. 

Sinking and floating: We drop a few balls 
made of different substances into a glass with 
water (Fig. 9). Some of them sink and some of 
them float according to their characteristics. 
This hands-on experiment creates a child’s 
preconception of density. 

 

Figure 5. Grouping of objects with the same 
colour 

 
Figure 6. Colourful objects of different shapes 

Magnetic characteristics of substances: We 
place a permanent magnet near some balls 
made of different substances. The magnet only 
draws the balls made of ferromagnetic 
substances (Fig. 10). This hands-on 
experiment creates a child’s preconception of 
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the magnetic characteristics of substances. 

 

Figure 7. Inserting colourful objects of different 
shapes into the matrix 

 
Figure 8. A set of balls made of different 

substances 

 
Figure 9. Sinking and floating 

5. Discussion 

The final step in design-based research is 
reflection and generalization of the results of 

this research. It is problematic to test how 
effective the fostering of the formation of 
science concepts is. Based on our research 
results combined with interviews with teachers 
and parents, as well as the observation of 
children when playing and during games, we 
can come to the following conclusion 
(hypothesis for future research): Hands-on 
experiments implemented in playing and 
games in pre-school education can support the 
creation of correct preconceptions of science 
concepts in formal (in kindergarten) and also 
informal education (in the family). The 
conclusion of our research should be verified in 
further research and implemented in science 
teacher education. We plan to carry out a long-
term study and case studies that may reveal 
the effectiveness of support for the formation of 
basic science concepts with hands-on 
experiments implemented into playing and 
games. 

6. Conclusions and recommendations 

A set of types of hands-on experiments with 
toys that are implemented in playing and 
games appropriate for the formation of science 
concepts were identified. These hands-on 
experiments in playing and games can support 
the formation of science concepts in pre-school 
formal (in kindergarten) and informal science 
education (in the family). It is necessary to 
implement these hands-on experiment tools 
into pre-school science education. Our findings 
are implemented in the preparation of 
kindergarten teachers in our university [6]. We 
also try to pass them on to parents through the 
Internet. Cooperation in designing appropriate 
toys with toy manufacturers might be important 
as well. 

 

Figure 10. Magnetic characteristics of 
substances 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 
 

29 

7. References  

[1] Abrahams I, Millar R. Does Practical Work 
Really Work? A study of the effectiveness 
of practical work as a teaching and learning 
method in school science. International 
Journal of Science Education 2008; 30(14): 
1945-1969. 

[2] Garson Y. Science in Primary School. 
London: Routledge; 2002. 

[3] Haury DL, Rillero P. Perspectives of 
Hands-On Science Teaching. Columbus: 
ERIC-CSMEE; 1994. 

[4] Reeves TC. Design research from the 
technology perspective. In: JV Akker, K 
Gravemeijer, S McKenney, N Nieveen, 
editors. Educational design research. 
London: Routledge; 2006. p. 86-109. 

[5] Singhal A, Cody MJ, Rogers EM, Sabino 
M. Entertainment-Education and Social 
Change: History, Research, and Praktice. 
Lawrence Erlbaum Associates; 2003. 

[6] Trnova E. IBSE and Creativity 
Development. Science Education 
International 2014; 25(1): 8-18. 

[7] Trnova E, Krejci J. Hands-on Experiments 
in the Formation of Science Concepts in 
Primary Education. In: M Costa, P Pombo, 
BV Dorrio (Eds) 11th International 
Conference on Hands-on Science. Science 
Communication with and for Society. 
Braga: The Hands-on Science Network; 
2014. p.109-11. 

 

 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

 

30 

Child’s Play or a Child’s Crucial 
Work? The Importance of Play in 

the Learning of Science 

S Dale-Tunnicliffe 
Reader in Science Education 

UCL Institute of Education 

Abstract. Is playing a waste of time? Or is it 
an essential apprenticeship in developing 
scientific literacy? Children are often observed 
during play, which is divisible into experimental 
investigative play when they explore 
phenomena and narratives, when they are 
working through a past experience 
imaginatively or interpreting a story they have 
heard. (Play is the work of children and 
essential for intellectual achievement and 
emotional wellbeing (Whitbread at al., 2012). 

Children are spontaneous investigators, 
curiosity is innate. They explore using 
themselves. Hence hands on activities are the 
feature of children’s play and such are essential 
in the learning of science in the early years. 
They observe, learn what actions produce what 
effect or what action or object or organisms 
they have observed does what, the essence of 
science. The science explanation is not needed 
in this key initial learning phase where they 
observe, question, design an investigation, 
observe what happens and note the outcome. 
These experiential leaners do not need an 
explanation, they need to add the experience to 
their learning repertoire, to be retrieved at a 
later date Such practical experience of the 
phenomenon inessential to further learning. At 
this age the foundations for observational and 
planning skills are laid as well as the process 
skills of manipulating items, collecting and 
evaluating such. Later in a child’s formal 
science education such fundamental 
experiences provide them with an experiential 
foundation on which to construct the curriculum 
science required for examinations. 

1. Introduction 

“Science, during early childhood, Is more 
than play? It is serious business. 

If we fail our children and students in 
science, the reasons may include lack of 
appropriate experiences during early childhood” 

(Roth et al., 2013.p.14) 

Do young children learn science? They play 
a lot. What is play within terms of developing 
science literacy in young learners? The role of 
play which, to me, seems to be a child’s ‘work’ 
in experiential science in many cases of role 
play and other imaginative play. I consider 
science experiences, which are very much part 
of many play episodes with toys, everyday 
items and the outdoors explorations are 
fundamental in developing scientific 
understanding. Are such activities ‘Educational 
play’ or freely chosen play as some 
researchers consider to be the two aspects of 
play (Wood, 2015 in Robson, 2015)? Piaget 
suggested that children are naturally curious 
and learn from exploring their own environment 
(Robins, 2012). Children play. In terms of 
science learning is playing a waste of time? 
Should adults noticing play intervene when the 
child’s solution to a problem is, on the 
experience of the adult, not going to ‘work’, to 
produce the accepted science observations 
and outcome? If the child’s idea (Hypothesis) is 
not going to produce the desired outcome? 
Should the adult point this out or let then child 
discover that the action he has initiated fails to 
solve a problem is unlikely to do so? Children 
develop critical thinking skills Robson, 2014). 

 

Whilst it is sometimes frustrating to watch 
such happen, it is imperative to building the 
child's experience (or science repertoire) to let 
the event proceed. 

Daniel when two years old sat on a swing in 
the children’s play are in the par., He thought it 
would then start swinging and could not 
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understand why it did not do so. He squirmed 
around ion the seat and then notice that there 
was a little movement of the swing, slightly 
forwards and then back. Eventually he worked 
out by trail and error he had to input the energy 
to get the swing to move, and that putting his 
kegs and tors forwards gave results! Which he 
did to his great pleasure and satisfaction? 

His adult could easily have just told him 
what to do or just pushed him! 

2. Partnerships 

A child’s early and so important learning 
experiences in science are either solitary or in a 
partnership. Sometime it is a vicarious or 
modeling partnership in the sense that the child 
notices, observes, another child or other doing 
something,like working up the motion of swing, 
and copies them, as visitors often do in 
museums for example. Most often a 
partnership activity is between adult and an 
early learner, but with a difference. The 
objective is to use a particular approach 
advocated of posing a challenge via a cue 
question to the child. This is not only to provide 
a stimulus for them to explore a own designed 
science experience but scaffold the thinking of 
a participating child through further questions 
and often with the outcome in the initial 
question. Such a question as, “Is the moon 
always visible at night?”, whereby the child has 
to plan a strategy to answer the question. 
Children have to learn certain skills first of all 
and then hone them with practice and learn 
where it is appropriate to apply these skills, 
thoughts and actions, to a new situation. The 
partner can assist them in this learning with the 
appropriate cue as they master the skill to work 
out their thought. This is difficult to do but try. 
Bear in mind the words of the Russian 
psychologist Vygotsky, “What a child can do 
with assistance today she will be able to do by 
herself tomorrow”(1987, p.87) 

The activities of early years are a starting 
point but also often a finishing outcome and the 
child has to work out how out to proceed from 
the start to the outcome. Taking to the learner 
as s/he progresses in planning an auctioning 
the actions to meet the challenge can reveal 
much about the previous knowledge and 
experience of the learner and their ability to 
verbalise their thoughts and skill at problem 
solving. Using open questions and ‘push back’ 
questions (Chin, 2008) as such can prompt the 

child further in developing their thinking and 
reasoning. 

The partner adult often needs to set up the 
items to show the starting point and the end 
point when they want to create a learning 
opportunity. The one item, e.g. a small magnet, 
could be labeled ‘magnet’ and the child be told 
it is a magnet and explore what effect it has on 
things. In the case of some studies, e.g. on 
weather, photographs of and end point might 
be used, or of a starting point to stimulate 
Looking- Talking- Thinking and Doing. Thus the 
learners are encouraged to work out how they 
can use the starting point and reach the given 
outcome. In order to conduct this partnership 
activity, which is not a full structured because 
you are encouraging their thinking with asking 
cue questions as appropriate and introducing 
appropriate cue questions, which do not tell 
them what to do. The relevant vocabulary is 
provided, as well as the skills and experiences 
they need before they can tackle the given 
activity. 

3. Observations- actions in play 

 

The above photograph is of children in 
Bangladesh investigating but playing with 
everyday items they have found. 

Learning science begins with babies looking 
around, gradually acquiring manipulative skills 
they can use for a definite action and then play. 
Learning is gradual and begins with intuitive 
ideas but is consolidated by noticing a 
phenomenon, talking about it, and thinking 
about them again and investigating where 
appropriate and sharing with someone else. 

Learning does not occur in a linear manner 
but in a constructive, sometimes referred to as 
a spiral curriculum context, being developed 
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increasingly in more depth (Bruner, 1977). The 
starting point for science is observation, (Sylva 
et al. 1980). We strive as educators to 
encourage young children and their associated 
adults, parents, relatives other carers and 
teachers, to share the observations and talk 
about such and increase their own self-esteem 
and literacy. Moreover, children are intuitive 
scientists (Gopnik, 2009). 

The key to starting science is for the adults 
to observe the child and provide suitable cues 
for them to develop their ideas and questions. It 
is essential to understand their use of words, as 
their meaning may not be the same as that of 
their adult. As children acquire early language 
they begin to label phenomena. This naming is 
an inherent human need (Bruner, Goodnow 
and Austin, 1956; Markman, 1989). 
Additionally, young children ask questions 
incessantly when given an opportunity. 

4. Dialogue 

It is important not to tell the children what to 
do, but scaffold the activity with appropriate 
questions and actions. Such recognition of the 
different types of questions that may be used is 
invaluable and recognizing the very basic idea 
that the learner is exploring and the further 
scientific knowledge and understanding such 
investigation can lead to, but not tell the child. 
Children’s attitudes towards science are 
extremely important as these can influence 
their early attainment in the subject and their 
outlook in adulthood to scientific issues, young 
earners in the early years of schooling young 
children are particularly enthusiastic, and enjoy 
practical experiments and independent 
investigation but this enthusiasm diminishes 
(Pell & Jarvis, 2010). 

5. Skills acquisition 

Before some investigation can really be 
carried out there are certain skills that a learner 
needs, such as being able to pick up items, 
pour water, and such foundation experiences 
are given so you can ensure that the learner 
has such skills. In a planned learning situation it 
is useful to have things to use in investigations 
available so a list of possibly useful items is 
included. However, through their own play and 
facilitated opportunities, young children can 
explore various skills such as water pouring, 
measuring which provide skills and processes 
needed in more complex play and science 

investigations. 

6. Talking and dialogue 

We don’t tell them or show them, many of 
use do find this difficult. We try and suggest 
through dialogue further action. 

“Children, we now know, need to talk, and to 
experience a rich diet of spoken language in 
order to think and learn. Reading, writing and 
number may be acknowledged as curriculum 
‘basics’ but talk is the true foundation for 
teaching” 

(Alexander, page 9) 

However, when engrossed in activity 
children do not necessarily talk. Very young 
children who play do not talk, but they do play 
and investigate. When being involved in 
imaginative activities, such as telling the story 
out loud of what, for instance, their Lego figures 
or toy cars or dolls are doing, and provide an 
oral narrative. On other occasions when they 
are involved in observations and investigations 
they often do not talk, (Tizard, and Hughes, 
1984); sometimes they make an out- loud 
statement which is really a hidden question. 
Furthermore, it is now accepted that there is an 
intimate link between language and thought 
and thus the cognitive development of a child is 
affected to a considerable extent by the nature, 
context and forms of language, which s/he 
hears and uses (Halliday,1993). Unless 
instructing in some action that could be 
dangerous, specific instructions to achieve a 
plan for an investigation and outcome are not 
given, rather the emergent scientist will need to 
think and do the investigation as they see fit.  

7. Play is crucial stage in learning 
science 

We now recognise that play is crucial to the 
development of a child (Moyles,1989) and that 
society should promote awareness of and work 
to change the attitudes towards play 
(Whitbread at al., 2012) who point out that play 
is the work of children and essential for 
intellectual achievement and emotional 
wellbeing. Learning through experience is 
developed in both spontaneous and directed 
play and introducing inquiry based science fits 
well into extended play activities progressing to 
challenges to solve. Play after all is often very 
much problem solving (Moyle’s, 1989). ‘Just 
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playing’, has been used in a derogatory sense 
by educators, and some parents and other 
adults, unfamiliar with early years learners. 
Parents, who recollect education and assume 
this is how it should be manifest for all as their 
own, usually secondary stage experience, fail 
to understand the essential and critical value 
links a child’s learning of play. They are 
learning skills, processes, problem solving. 
These are crucial skills for science and 
everyday. Facts are merely a part of learning, 
problem solving and other skills are vital. 

8. Children’s understanding- children’s 
science 

It is important for adults to find out children's 
real ideas about the topic. The recognition of 
the emergence of inquiry science from a child’s 
earliest years stresses the importance of 
observing the play of early years children. 
Observing early years children at play provides 
insight into their basic early science learning. 
The stages of inquiry science develop from 
being directed through guided science to open 
or authentic science with the learner 
determining the plan, the action and the 
interpretation of outcomes, is discussed 
together with exemplars from observed real 
situations, suggestions for recording and 
assessment. I stress the partnership between 
adults, parents, carers or teachers, and child in 
the learning process.  

It is useful for us to bear in mind and that for 
the child their ideas are the conceptions those 
of formal science education ‘misconceptions, 
hence gather idea of a child and their personal 
interpretation should be regarded as alternative 
conceptions to the accepted wisdom. However, 
as educators we are required to assist the 
learner in their journey to the established 
science. 

9. Conclusion 

The starting point for the learning of science 
and engineering, is at this early age, play. In 
such activities these early learners are making 
observations, asking questions and problem 
solving, asking questions, albeit to themselves, 
their own strategies for eliciting an answer. 
Such working out by the child are them using 
‘hidden questions’ to themselves even though 
in the earliest of years, thoughts are not 
verbalised. Thus, the only evidence, we, as, 
observers, have is we can see the actions of 

children which are thus an expressed model of 
their science playa/investigation. Moreover, 
such learning occurs in the immediate 
environment of the child, in its community, with 
the people with whom s/he spends their time 
and begins long before any formal educational 
interaction. 

Starting children on their path in learning 
science as in other subjects is a community 
endeavor. These places of potential learning 
are where they live and the immediate 
environment outside. In these locations children 
witness everyday activities such as cooking, 
cleaning, washing, various activities with 
materials such as textiles, wood, clay, as well 
as identifying and being involved with basic life 
processes such as moving, breathing, eating, 
excreting and the human activities associated 
with the life processes and beyond. Children 
are immersed in their environment, to include 
natural structures, built, human construct such 
as their village or adjacent areas, which all 
contain various amounts of technology, maths 
and science. Thus can range from a simple 
cooking vessel being used on an open fire to 
mobile phones; from natural vegetation to a 
manicured garden and the everyday non-built 
areas. Moreover, the natural environment is 
comprised from physical, geological and 
biological matter and features of this, such as 
rocks, plants and watercourses may be 
observed. Additionally, the culture and 
particular uses of science and technology by 
the community with whom the children live are 
evident and noticed, pointed out by members of 
the community, buildings, transport, water 
sources for instance. If children can not play 
can they develop as scientifically literate 
beings, problem solvers, communicators?. 
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Abstract. A discussion is suggested on the 
important problem of balancing students’ 
guided and independent research in the frames 
of the Inquiry-Based Science Education model. 
Experience of the class practice and summer 
academic programs (USA, Ukraine, Slovakia, 
Czech Republic, and Mexico) is analysed. 
Important examples are referenced including 
some creative hands-on activities for the school 
and college students. 

Keywords. IBSE, efficiency of education, 
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1. Open-ended educational research as 
an appropriate solution 

Successful application of Inquiry-Based 
approach to Science Education is barely 
possible without finding the due balance 
between students’ independent observations & 
research and instructors’ guidance of their 
creative activities [1]. Every teacher practicing 
IBSE should keep that in mind when planning 
lessons and educational research projects. A 
natural solution is to try and have the problems 
open-ended, which is usually the case when 
they are taken from the best IBSE books, ones 
like [2]-[4]. Then after the success of the guided 
stage of the class activity or a project students 
get inspired and skilled enough for the step 
next of the problem, an independent research 
or design. 

2. Pitfalls of the students’ brainstorming 
of the research problem 

It is often pretty tempting for the teacher to 
let the students brainstorm the educational 
research problems, especially the ones 
resulted from the own observations of the 

learners. The numerous pitfalls should be 
accounted for, though. Among the most 
dangerous for young learners may be 
frustration of not coming up with the ideas that 
help solve the problem. Time factor is equally 
important: to make educational inquiry efficient, 
duration of the brainstorming phase should be 
carefully controlled. Nonetheless, instructors 
practicing guided students’ research, especially 
in the form of the out of the class projects, 
should try and provide for the stage of the 
totally independent students’ reasoning or/and 
hands-on work. In our experience, it is quite 
possible to organize projects so that while 
some young researchers may themselves find 
original solutions or ingenious designs, others 
will learn a real lot even from their conventional 
suggestions, especially after comparison with 
the non-standard ideas and more efficient 
solutions. To appreciate counter-intuitive, 
ingenious breakthrough ideas, to gain from 
experiencing them, one must be enough aware 
of the traditional, ‘obvious’ ways to solve the 
problem. 

If the brainstorming phase of the project is 
ignored, students may very likely only 
memorize the solution of the problem given by 
the instructor, however original that may be. 

3. Guided research first? 

It is the core of the IBSE method that in the 
process of learning students develop research 
skills which are to be applied and practiced 
before long. Teachers’ guidance should be 
strongly focused on that as well as on the 
development of the students’ creativity. It is no 
secret at all that both fundamental and applied 
research techniques are too often overly 
routinized. Educational inquiry should as much 
as possible provide for the creative steps taken 
by the young researchers, rather than for their 
direct copying of the earlier tested and proved 
techniques of the ‘adult’ science. 

Special attention during the guided research 
is on the students’ questions, comments and 
suggestions, even on the seemingly erroneous 
and minor ones. Examples from the authors’ 
earlier educational practice of some best 
students’ feedback to guided research could be 
found in [5]. 

Should be noticed separately that many the 
traditional bright and counter-intuitive solutions 
shared by the instructors with their students 
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bear neither explanation nor step-by-step 
consideration to let the learners conceive the 
rationale behind the scenario. It is desirable 
that the less ‘perfect’ though more justifiable 
solutions are suggested instead. 

Examples from our teaching practice cover a 
variety of educational hands-on activities 
developed for the summer academic programs 
(USA, Ukraine, Slovakia, Czech Republic, and 
Mexico). They were intended to help develop 
construction and engineering skills of the 
students, their understanding of the basic 
principles of Physics and general research 
experiences. Dozens of students’ conference 
reports and publications originating from those 
projects, include the paper in the high rating 
The Physics Teacher journal [6] co-authored by 
the then college sophomore student Dmitry 
Kryuchkov, a key person of the project to 
measure atmospheric pressure with the 
apparatus built from the most conventional 
materials. 
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1. Introduction 

The dynamics of science clubs presents 
them as robust platforms for communicating 
science and technology aligned with several 
local level considerations. This is in the context 
of the fact that people need to understand the 
pervasive nature of science and technology 
today more than ever before, as these two 
aspects influence all aspects of life. In all 
democratic forms of government an increasing 
number of people are involved in decision 
making at the local and the national level. Such 
scientific and technological issues as nuclear 
energy, global warming and climate change, 
preservation and conservation of biodiversity, 
genetically modified crops, etc., dominate the 
development mosaic. These are important 
themes of engagement and need to be debated 
before national policies are formulated. To 
generate meaningful and effective debate, the 
public needs to be well informed and updated 
on information so that informed decisions can 

be made. A robust decentralised approach to 
enhance public understanding of science and 
technology is therefore essential. 

The present paper is in response to felt 
need to consolidate our understanding of 
science clubs as enablers of knowledge 
centred engagement for the benefit of students 
and communities associated with them. 
Science clubs appear to grow in variety and 
number across various geographical and 
cultural and geographical landscapes that 
determine specific areas of knowledge inputs. 
National missions create the opportunity to 
converge on objectives. They are quite clearly 
unique non – formal learning platforms and will 
have to be interpreted for factors that determine 
their output and impacts. While a large scale 
synthesis has to be done on the basis of much 
needed empirical evidences about expected 
and actually delivered impacts, the present 
effort to consolidate some insights in this 
regard, creates a positive setting for science 
clubs. They serve formal and non – formal 
curricular needs and are nimble to serve highly 
divergent knowledge areas. It is essential to 
create location and knowledge specific 
synergies in this context. 

Currently, several approaches and media 
are used depending on the local need and 
institutional mechanisms that enable such 
interactions. Every form has its own 
significance, utility and limitations as well. Such 
institution as science museums, science cities, 
satellite and cable TV and radio, specialised 
agencies for S&T communication, and 
government and non-governmental 
organisation play their role quite effectively in 
taking science to people. These approaches 
are however capital intensive and are based on 
the deficit model of S&T communication. For 
example, India’s manifold diversity including 
cultural, social, religious, linguistic and regional 
is unique and staggering. Importantly nearly 65 
% of her population are in rural settings and a 
significant part of them is not literate. The reach 
of mass media among citizens except radio, is 
still limited. These ground realities present a 
formidable challenge to science 
communicators. In such a scenario, centrally 
planned strategies, albeit through modern 
means of communications do not stand much 
chances of success. Any strategy to be 
effective should be “participatory and in the 
local language through channels of 
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communication, people are familiar with”. 
Across the world, a variety of science clubs and 
networks that optimize on their output are 
active. These clubs are supported by national 
governments and even such international 
bodies as the UNESCO. Some networks of 
science clubs have significantly long histories 
dating to the beginning of the nineteenth 
century. Some such networks of science clubs 
worth mentioning are in the United States of 
America, Canada, and the STEM clubs of UK, 
Federation of Young Farmers Clubs, VIPNET, 
DNA and Eco-clubs in India. 

VIPNET Clubs have been involved in some 
of the major campaigns built around solar 
eclipses, biodiversity, water, etc. The clubs 
have established their use value in taking 
science to the people. These involve debates, 
surveys and demonstrations, performing 
experiments, and answering the queries of 
citizens at the local level. Over the years clubs 
activities have been transformed essentially 
into people-oriented activities. They are not 
confined to formal classroom or laboratory 
experiments, nor do they provide any bookish 
or theoretical knowledge. They invite and 
involve people to see, do and learn things by 
themselves and find out the truth. This has 
helped promote scientific literacy among 
common people. Several studies indicate that 
the activities of clubs, museums as out of 
school time science, non-formal, informal 
science learning, have established a positive 
correlation between the attitude towards 
science and their engagement with science. 
The potential of science clubs as decentralised 
centres of public engagement for science 
literacy through S & T communication and 
intended social transformation, is however yet 
to be explored. Most of the research 
undertaken specially in USA and UK is related 
to science museums only. 

A snapshot of the history of science clubs 
reveals interesting engagement outcomes. 
Science became part of the school curriculum 
in Europe and the USA in the 19th century that 
witnessed growing visibility of science in all 
public spheres. The term “scientist” indicated 
generator of knowledge through systematic 
pursuit based on method of science or 
inductive logic in contrast to deductive logic, a 
dominating thought process at that time. The 
era saw significant interest in science. The 
focus therefore, was satisfying curiosity and 

promoting independent attitude, provide a 
broad understanding of the natural world and 
the way it affected people's personal and social 
lives. 

The dilution happened during the world wars 
and post war periods. This was arguably due to 
growing cynicism based on the perceived 
negative impact or misuse of science and 
Technology (S&T). It cannot however be 
denied that S&T development delivered 
multiple and large scale benefits despite the 
war. But after the launching of Sputnik by 
Soviet Union in 1957, the emphasis shifted to 
the strategic value of S&T rather than its 
relation with day-to-day life. This was 
particularly in the western world. The emphasis 
of disciplinary knowledge removed from 
everyday life application was a marked shift in 
science education. This period witnessed the 
emergence to STEM Clubs, promoting 
disciplinary approach of science learning and 
doing with an objective to enhance the number 
of scientists and engineers. Interestingly, the 
couple of last decades also saw equally large 
number of uncertainties that emerged along 
with tangible benefits of technological 
development. Bio-technology and 
nanotechnology are a few such typical cases. 
This called for a deeper understanding of the 
basis of origin of scientific investigation, the 
limit & limitations of tools and technology and 
most importantly their implications for public 
policy. 

This framework of analysis with specific 
reference to the role played by science clubs in 
school and in community has been used in the 
literature review. 

Interestingly, post 1990 saw several science 
clubs in schools especially in India, reach-out to 
communities for two very important purposes. 
They were to  

 Help communities comprehend benefits of 
formal science learning to enrich the latter’s 
prospective on science &. 

 Gather insights from the community to re-
enforce application of science in daily life 
through formal and informal learning. 

This was, particularly for the benefit of the 
children in schools, who could, therefore look at 
science in the real life connect. 

It is pertinent to mentioned that theoretical 
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and empirical research in science 
communication or Public Understanding of 
Science (PUS), has relatively a short history 
compared to long standing practice of PUS 
(Massimiano Bucchi 2008) [1]. However, since 
19th century science clubs have served as 
robust mechanism to promote science in 
general and science literacy in particular 
among students and lately, in the community as 
well through outreach programmes. Some 
earliest reference of nature clubs, mainly for 
bird watching has been found in some 
Scandinavian countries like Denmark. It was in 
1992, a dedicated scholarly journal, “Public 
Understanding of Science” emerged. 
Previously the scholars relied on journals of 
sociology, education and more recently on 
media studies. Though the form and structure 
of the science clubs has changed over the 
years, they have served as robust platforms for 
PCST with special reference to informal 
science learning, free-time science, non-formal 
science, museums etc; now an established field 
of inquiry. 

2. Review of Literature 

Through the literature survey, the evolution 
of science club movement has been traced 
along with the spread of priorities, focus and 
the structure of science clubs, their changing 
priorities of science education (science literacy 
to process of Science) and approaches/model 
of science communication/ popularization. The 
latter has shifted from scientific literacy to 
public understanding of science and finally to 
people engagement in science and technology. 
Nearly 147 research papers, articles, reviews, 
concept papers, opinions, editorials and reports 
were analysed using some important hall 
marks. Through this review, an attempt has 
also been made to understand the: 

 Evolution of science club movement 
since 18 century, when science became the 
enterprise of enlightenment.  

 Assess optimism about science and its 
influence on activities to popularize science, 
methods, approaches and formation of 
association for the advancement of science 
and similar bodies in Europe, North America, 
Latin America and Asia.  

 Vector dynamics of science clubs to 
popularize science and creating scientific 
attitude, a term synonymous with scientific 
temper as used in Indian discourses. 

The review below reveals interesting 
transitions over specific periods of time. 

2.1. Science Clubs (1906-2014) 

Articles relating to science clubs were 
published between 1906-1950, in journals like 
“School Science and Mathematics”, 
“International Journal of Science Education” 
describing nature, structure functions and their 
potential for science learning. An analytical 
study of 35 separate articles relating to science 
club was undertaken by Ethel L Robrts [2] in 
1932. In 1941, the journal Nature [3], reported 
about the Science clubs of America. A series of 
UNESCO documents published from 1949 to 
1956 gave a descriptive account of Science 
clubs movement in different parts of the world 
and its role. 

The Davis Layton [4] paper, "UNESCO and 
Teaching of Science and Technology” provide 
insights about development across the world in 
education that influenced the structure, 
functions and the programme and activities of 
the clubs. “Popularization of Science and 
Technology: What informal and Informal 
Education Can Do?” an online compendium by 
UNESCO (1989) [5] again examined "how non-
formal and informal education can contribute to 
helping people in achieving the scientific 
literacy to function effectively in a society. Nina 
S. Robert (2009) [6] evaluated the effectiveness 
of eco-clubs of India and assesses the 
organizational framework. Three studies by 
Alpaslan Sahin [7], Michael A Gottfried [8] and 
Allan Feldman [9] provide an insight about the 
impact of STEM clubs on student attitude 
toward science and its relationship with 
students opting the STEM subjects for higher 
studies. 

The genesis and the growth of science clubs 
movement in India was examined by 
Sabyasachi Chatterjee (2013) [10]. Kinkini 
(2013) [11] described the significant role played 
by clubs in inculcating an interest and build 
understanding about world of science among 
students. Tyagi B.K (2014) [12] highlighted the 
possibility that children could undertake 
projects through a suitable platform like science 
clubs at school with some minimal facilities”. 

2.2. Informal Science interface with sci-
ence clubs 

In 1999, Lynn Dierking and John Falk [13] 
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(USA) focused on the organization’s positioning 
in regard to out-of-school science education. 
The statement defines learning in out-of-school 
contexts at places such as museums, the 
media, and community-based programs. Laura 
M. W.( 2004) [14] recognized the fact that 
science centres, museums and other informal 
educational institutions can play a role in the 
reform of science, technology, engineering, and 
mathematics (STEM) education and defined 
the “emerging research framework for studying 
informal learning and schools Science 
Education”. 

Falkenberg et al (2006) [15] established the 
fact that students who participate in afterschool 
programs achieve higher grades and higher 
standardized test scores than students who did 
not participate in afterschool programs by citing 
a number of research studies. Justin Dillon et al 
(2006) [16] examined 150 pieces of research 
on outdoor learning published between 1993 
and 2003. David A. Ucko (2010) [17] conducted 
a study to establish a base for future research, 
to provide evidence-based guidance for those 
developing and delivering informal learning 
experiences. The Wellcome Trust (2011) [18] 
report attempted to define the attributes of 
informal learning. “Nature (2010) [19] editorial 
on the value of informal science learning also 
made a very passionate call to policy makers 
for paying more attention, and more money on 
informal science education. Molly Phipps 
(2010) [20] in his analysis concluded that the 
decade from 1997–2007 was transformative for 
research in the context of learning in out-of-
school from individual programmatic needs to a 
field with a coherent conceptual framework to 
guide research. Lewenstein et al [21] discussed 
and organized hundreds of documents on 
pedagogical premises, places, practices and 
pursuits concerning scientific informal 
education. 

3. Science Popularisation / Communica-
tion: A science club correlate 

The term “science communication” 
operationally, encompasses a range of related 
fields of professional practice and to a field of 
study which is predominantly interdisciplinary in 
nature. There is a plethora of literature that 
defines the field of science communication and 
it is becoming institutionalized in several 
countries around the world. Being a complex 
network of social channels "SciCom, serves as 
a mechanism for bridging the gap between 

scientific community and the public (Monjib 
Mochahari 2013) [22]. It is also an effective tool 
for extending scientific boundaries and gaining 
wide public support for important research and 
development, which are indispensable for 
society's development" (Patairiya 2002) [23]. In 
practice, the terms science communication or 
science popularization are used 
interchangeably in India. In western literature, 
many terms, specially for research, have been 
used i.e. "public awareness of science" "public 
understanding of science (PUS)", "public 
understanding of science and technology 
(PCST)", "public engagement with science and 
technology (PEST) or “ public appreciation of 
science". 

However, over the decade, the complexities 
of science communication have been magnified 
as a result of many social and technological 
changes. Science itself no more remained as 
compartmentalized discipline. It is 
interdisciplinary, global in approach and scale, 
more focus on applications than fundamentals, 
with changed funding patterns, (funding of 
research by corporate and other big private 
players) and most importantly, the 
transformation of media due to IT revolution by 
creating new opportunities to communicate. It 
therefore hinges on the need to build trust 
specifically in science, with new two- way 
communication models, approaches and 
strategies involving elements of engagement, 
understanding and participation through a 
variety of mechanisms. It has changed from 
monologue to dialogue, linear to two- ways, all 
directed towards informed decisions making as 
a part of social and democratic process. Today, 
science communication has its theoretical 
framework with science communication 
models, networks of communities with 
international reach with dedicated research 
journals and science communication courses 
are being offered in the universities across the 
word. 

4. Science Popularization in India (2002-
2013) 

A chronological account of development of 
science communication movement in India was 
given by Pattrariya (2002) [24] along with 
institutional mechanism and nationwide 
programmes of science communication like 
Jathas, National Children Science Congress 
etc. The India Science Report 2005 (ISR) [25], 
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presented quantitatively the state of science 
and technology in India along with an insight 
into the public understanding of science. The 
National Curriculum Framework (2005) 
recognized the importance of informal science 
learning for the first time in India and suggested 
the mechanism of science club for informal 
science. Nautiyal (2008) [26] analyzed the 
current science popularization scenario in India 
and brings out the fact that rural people also 
carve for S&T information and need it as much 
as the rest of the people. Bhaskar Mukherjee 
(2009) [27] emphasized that “it is not enough to 
focus on the generation of knowledge but it is 
equally essential to spread and share it”. 
Gauhar Raza et al (2009) [28] presented Public 
Understanding of Science (PUS) as an area of 
academic discipline evolved in India. Abdul 
Gafoor et al (2010) [29] conducted an empirical 
study to analyzed and explored out-of-school 
science experiences and interest in science of 
upper primary school pupils of Kerala. Dr. A.P.J 
Abdul Kalam (2011) [30] highlighted the role of 
science communication as how " it is an asset 
to the transformation of society” and laid an 
agenda before science communicators. 

On the basis of literature survey, it can be 
concluded that science communication is well 
established as a practice in India, but a 
significant gap is observed in term of science 
communication as an area of research or 
inquiry. The number of researchers and 
scholars and journals are quite few in 
comparison to the western word. However, the 
Indian experience as practice in this field may 
have much to offer to researchers for 
theorization. 

These aspects set the context for a reality 
check on the form and function of science clubs 
in India. 

5. Preliminary Findings of literature 
survey, focus group discussion and 
interviews of Stakeholders 

i. There are various types of science clubs 
network which are either affiliated with a 
International, National/State/Regional Level 
Network. Majority of these networks are 
either initiatives of International bodies or 
National or State level government in India. 
There are some networks which have been 
initiated by some state level organizations or 
some enthusiastic individual science 

communicator. There are some independent 
science clubs as well, not affiliated with any 
network. 

ii. The clubs can be classified as classical, 
radical and hybrid on the basis of objectives, 
philosophy, form and structure as follows: 

a. Classical clubs are mainly those that 
promote interest in basic science or 
STEM mainly through hands-on activities 
by the process of exploration and self 
discovery. Clubs on Chemistry, physics, 
bio, electronic and robotic clubs mainly 
fall under this category. The genesis of 
such clubs may be seen in the beginning 
of 19th century with the growing visibility 
of modern science in all public spheres 
especially in USA and Europe. In India 
the growth of science club movement had 
its roots in the national movement to fight 
colonial exploitation and inculcate rational 
thinking as the society was seen by elites 
educated in modern science, as steeped 
in obscurantism, superstitions lacking 
rational thoughts. (TV Venkateswaran) 

[31]. 

b. The radical clubs promote interest in 
science mainly through awareness and 
outreach activities not confined to STEM. 
They focus on science and society 
related issues as “Science for All” 
involving conservation of local natural 
resources and energy, environment, etc 
as well. The structure and functions of 
radical clubs in India has been 
influenced, to a great extent, by the 
People’s Science Movement (PSM) of 
India; rooted deeply in social reformists 
thinking of late 1950s. The science clubs 
of West Bengal, Karnataka, Kerala, Bal 
Sabhas of Haryana and theme specific 
clubs like eco-clubs of India, Nature club 
of WWF are some examples of radical 
clubs. 

c. The hybrid clubs, like VIPNET, are a mix 
of both in structure, functions and origin. 

iii. The classical clubs has emerged in new 
form in western world with new structure, 
function, approach and operational 
mechanism in the form of informal science 
education or after school science with new 
stakeholders and players with or without 
government support. 
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iv. Not much has been reported on the 
dynamics (structural and functional) of 
science club, notwithstanding some location 
specific reports and publications, mainly 
descriptive in nature. The larger potential of 
science club reaching out to community is 
yet to be documented, interpreted and 
reported. 

vi. The shifting paradigms of Public 
Understanding of Science and Technology 
Communication along with its problems and 
solutions has influenced the Structure and 
Functioning of Science Clubs as well. 

6. Classical Clubs: Promoting Interest in 
Basic Science like STEM Clubs 

A number of studies have supported STEM 
initiatives of governments in influencing the 
attitude of children towards science. Bennett 
reported (1956) [32], on science clubs of 
Britain, and related attitudes in learners 
towards science. Mannion and Coldwell (2008) 
[33] investigated 250 schools in England, and 
found that learners’ involvement in their club 
became more positive the longer they had been 
a member along with improvements in practical 
skills, self-confidence and thinking skills of staff 
and leaders. Additionally their understanding of 
science, mathematics and engineering 
improved albeit to varying degrees. Some other 
studies in other country have empirically proved 
the role of clubs in promoting the interest and 
engagement in science. In Portugal, Viegas, 
(2004) [34] suggested that a science club was 
an important vehicle for developing scientific 
interest in schools. Twillman (2006) [35], 
reported a change in attitude of learners. This 
improved attitude towards science was also 
reported by Moore-Hart, Liggit and Daisy 
(2004) [36] Youth organizations such as 4 H, 
Big Brothers Big Sisters, Boys & Girls Clubs of 
America, Girls Inc., and the YMCA of the USA 
have recently joined hands to make STEM a 
priority (cited by Hartley 2014) [37] As per Anita 
Krishnamurthi 2014) [38] this initiative has the 
potential to infuse better quality into curricula, 
activate interest and mentor millions of children 
and youth. Twillman (2006) also found that the 
science club gave members the opportunity 
and space to express curiosity, and members 
often gained a sense of belonging to a 
community they valued. 

A study by Feldman and Pirog (2011) [39] 
reported that within an academic year, teachers 

were able to gain the knowledge and skills to 
facilitate children’s participation in authentic 
scientific research and developed 
methodological and intellectual proficiency 
needed to contribute useful data and findings to 
research programme carried out by scientists. 
The results of this study are also supported by 
the findings of Hartley (2010) [40], who used a 
similar approach of training and mentoring 
teachers to pass on their knowledge and skills 
to learners in science clubs at their schools. 

Afterschool Alliance (2011) [41] summarized 
STEM-specific benefits into three broad areas 
as 1). Improved attitudes towards STEM fields 
and careers, 2). Improved STEM knowledge 
and skills, and 3) a greater likelihood of 
graduation on and further pursuing a STEM 
career. As reported by Hurtley 2014, the results 
from the 2009 National Assessment of 
Educational Progress (NAEP) in science also 
showed that 4th graders who participate in 
“hands on science activities” and 8th and 12th 
graders who did “science related activities 
outside of school” showed a significant 
increase in test scores compared to those who 
did not. The outcomes of the clubs are not 
necessarily about increased academic 
achievement but striving to increase 
involvement and exploration with STEM. This 
could also decrease anxiety around STEM, and 
enhance motivation in equal measure for young 
men and women.( Dabney et al. 2011). Tan et 
al. (2013) examined middle school girls’ 
experiences in school day science classes and 
outside school time (OST) science clubs. They 
suggest that the positive science identity 
development that takes place within OST 
environments may impact girls’ science 
trajectories and career goals. The Center for 
Research on the Education of Students Placed 
At Risk (CRESPAR) reviewed research on 34 
extended-day and afterschool programs 
(Fashola, 1998). The study concluded that 
these types of programs appear to have 
positive impacts on children. (Studies 
mentioned above has been reported in 
Afterschool Allance2011- “Examining the 
Impact of afterschool STEM Programme”) All 
these studies clearly established the influence 
of classical clubs in creating a positive attitude 
towards science along with engagement for 
better understanding of STEM subject. 
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7. Evaluation of Radical and Hybrid 
Clubs 

However the literature on the evaluation and 
impact assessment is scanty. The activities of 
such clubs are difficult to assess because most 
of the activities of these clubs are in the form of 
outreach and organised in informal settings. In 
India there are two major network of Science 
clubs i.e. VIPNET Clubs of Vigyan Prasar [42], 
Department of S&T, Gov. of India, and Eco 
Clubs of Ministry of Environment and Forest 
[43] along with comparatively small network of 
DNA Clubs [44] of Department of 
Biotechnology, Govt of India. Initially VIPNET 
network members were motivated to take up 
scientific activities and contribute towards its 
cherished goals of achieving a scientific culture 
in the society. The present strength of the clubs 
is about twelve thousand, in all the States of 
the country and many of them are outside the 
school setup unlike eco or DNA clubs. The 
network member has been involved in some 
major campaigns built around the theme solar 
eclipses, Biodiversity, Water, etc [45]. Over the 
years VIPNET clubs activities has been 
transformed essentially into people-oriented 
activities. They invite and involve people to see, 
do and learn things by themselves and find out 
the truth. These science club activities have 
become a strong link between the science and 
community. (VIPNET Brochure 2009) [46]. A 
self study was undertaken by Vigyan Prasar 
suggested “that science clubs have played a 
significant role in inculcating an interest and 
build understanding about world of science 
among students". Around 80 % students 
opined that Science Clubs are giving 
information beyond syllabus” (Kinkini et al 
2013). 

Eco-Clubs of National Green Corps, is a 
programme of the Ministry of Environment and 
Forests, Government of India covering around 
1,20,000 schools in India. “The aim of Eco 
Clubs is to introduce environmental concerns 
and good practices to school children to make 
them actively involved and to be aware of the 
need to protect”. In a study Nina S. Robert 
(2009) documented and evaluated the 
effectiveness of eco clubs and assesses the 
organizational framework of 97000 clubs after 
an extensive review of secondary data and two 
focus group interviews at two locations. The 
findings shows that the “partnership 
programme developed with school and NGOs 

to propel eco-clubs concept forward and 
contributed greatly to their ability to provide 
ongoing quality programme for the students”. 
However suggested” different agencies should 
work cohesively”. A similar study was 
conducted in Ibadan (Nigeria) to assess the 
contribution of Youth Environmental Scout 
(YES) clubs towards sustainable environmental 
programme in selected schools.( G. R. E. E. 
Anaa 2009) [47]. 

In all the studies the evaluation has been 
done from the perspective of students and their 
attitude towards science. However, their impact 
on society in term of understanding and 
engagement is yet to be analyzed. Though, 
some broad observations can be made in terms 
of participation and engagement of people in 
various campaigns organized in last five years. 
In these campaigns various model, which are 
currently debated in the academic circles, have 
been used to devise communication strategies 
using multimedia approach for ensuring large-
scale engagement and participation. 

8. Communication Models and Club 
Network Approach for Sci. Com 

The purpose of science communication 
always remained so diverse, guided, influenced 
and shaped by so many external and internal 
factors at a particular time. But behavioural 
change, impacts of S&T on society and its 
future, especially the technology options, the 
growing acceptance of S&T and improving 
scientific literacy always remain the core 
concerns of science communication. For this 
purpose a wide variety of approaches, media 
and strategies are being used. Today Science 
communication is constantly growing and 
evolving in two ways: - on academic front and 
as an area of practice. It will continue to be so 
with increasing scientific knowledge and the 
growth of new media riding on internet 
revolution. Science communication appears to 
have grown from the deficit model of 
communication to dialogic and finally 
participatory. Newer approaches are being 
experimented by the practitioner to reach to a 
variety of publics mainly through diffusion of 
information. 

The theory of two-cultures as propounded 
by the C.P. Snow still remains valid in practice 
as there is always an information deficit among 
various publics that needs to be filled. In 
practice the deficit model of communication 
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remained a dominant model. As Trench [48] 
concluded “The model survives as an effective 
underpinning of much science communication 
and “a legitimate case can be made for 
retention of a dissemination model in certain 
circumstances. In fact, there may be several 
factors that determine the choice of 
communication approaches. For example if 
communication is for science literacy, the 
obvious choice will be the deficit model. But if it 
is for policy formulation or technology options 
involving ethical or other social issues, the 
choice would definitely be dialogic or 
participatory. Since, Science communication as 
a process is becoming increasingly complex 
and adopting only a particular model for all 
situations will not be appropriate, in fact, prove 
counterproductive. Even some time for 
developing meaningful dialogue or ensuring 
effective participation, some information gap 
need to be filled. Further there is a diversity of 
publics for science and same is the diversity of 
possible approaches to communication. All the 
three models have their utility in a particular 
situation. In fact all the three models can also 
co-exist together, depending upon a situation, 
provided they may be not seen as oppose to 
each other, but mutually inclusive and 
complementary.  The situation can be well 
explained with Indian example of VIPNET 
clubs. 

9. Learning’s from campaigns 

In 2009-2010, two major campaigns were 
organized involving these clubs around the 
celestial phenomena, i.e. Solar eclipse of July 
22, 2009 & Annual Solar Eclipse of January 15, 
2010 [49]. In India a number of myths, 
superstitions and unscientific beliefs are 
associated with eclipses. The campaign was an 
attempt to fill the information gap about the 
phenomena of eclipses by developing a 
meaningful dialogue about fears and 
misconceptions associated with eclipse for 
ensuring the participation for group viewing 
during the day of eclipse. For this: 

i. A wide variety of resource material was 
developed in consultation with a number of 
stakeholders like scientists; S&T based 
NGOs, Media organisations, science writers, 
communicators etc. (Participatory model). 
As result basic core content in the form of 
print material, films, CD ROMs, VCD, DVDs 
poster, activity kits etc were developed. A 

dedicated websites were also developed (for 
dialogues) and a series of trainings were 
also organised. (Deficit Model). 

ii. The material was translated, adapted and 
modified as per the local needs for further 
dissemination by the clubs with the help of 
other stakeholders. The dialogues were 
created by the clubs with community through 
demonstrations, lectures, debates and 
surveys to dispel the myth and superstitions. 
A series of hands on activities in the form of 
small projects were also undertaken. On the 
day of main event, around 4 experiments 
were conducted by the children. As per the 
analysis, the accuracy of the result of these 
experiments were between the ranges of +-
30%. More than 200 hundred places, group 
viewing of eclipse were organised. 
(Participatory). 

iii. This campaign clearly demonstrated that all 
the three model of communication could be 
used simultaneously in a well designed 
communication strategy in a more 
contextualized manner by using familiar 
channel of communication among various 
publics. 

10. Science Clubs Networks: Areas to be 
explored 

An exercise of review and brainstorming to 
decide road map of science club was 
undertaken by VP in August 2012 [50]. The 
lack of periodic training to the 
leaders/coordinators, shortage of new ideas for 
activities and inadequate finance are some of 
the major issue which need to be address on 
priority basis to make the club network 
approach of science communication more 
effective. Further, it was found that majority of 
these clubs do not have any mechanism to 
evaluate their own activities in terms of impact. 
The tool kit for clubs associated with outreach 
and engagement activities needs to be 
developed besides documentation of good 
practices of science communication especially 
in relation to science and society. 

There are more such areas where science 
club mechanism can be used for expansion 
and deeper penetration into the society for 
science communication objectives. A few such 
areas need further exploration, research and 
synthesis are as follows:- Science clubs. 

i. Can be identified initially at district level to 
act as information clearing house for other 
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clubs and the community as well. 
ii. Could be the precursor for developing 

science centres at district or further 
downward levels. 

iii. Could serve as science shop or service 
providers on the line of scientific consulting 
research model, developed in the 
Netherlands in 1970, and used throughout 
Europe, a knowledge producing institution 
(i.g university) function as consultant to 
community group to answer questions 
raised by the community group (Leydesdorff 
& Ward 2005) [51]. In the process, the 
community group is empowered to use 
scientific information to solve a problem. 

iv. Can help network for participatory Action 
Research: - Which begins with the interest 
of participants, who work collaboratively with 
professional research & through all steps of 
scientific process to find solution to 
problems of community relevance. 

v. Develop, adapt and translate resource 
material to be used by suitable channels for 
local communication.  

vi. Engage in citizen science. 
vii. Enable effective dialogue with society 

across to take into account the value and 
attitudes of the public especially on issues 
have ethical, social and environmental 
dimensions.  

viii. Motivate  coordinate public 
engagement in some action oriented 
activities like wildlife conservation, 
environmental protection, Natural Resource 
management & conservation at local level & 

ix. Build capacities to coordinate action in 
response to natural/man- made disaster, 
epidemic etc. 

10. Conclusion 

The paper has presented a gross synthesis 
of perceptions about science clubs and set the 
context for further investigations on the 
dynamics of their output. Some patchy 
inferences appear to support the case for 
science clubs in schools as platforms for 
community engagement. While their positive 
potential is obvious, they have to be supported 
with a deeper understanding of the dynamics of 
transforming learning to action in real life by 
beneficiaries of clubs’ activities. We can 
speculate that these will be positive on a 
cumulative framework. That science clubs are 
also decentralized entities is quite clear, yet 
aligned with larger institutions. The singular 

take away is the need to theorize on the above 
so that suitable policy related measures can be 
devised to strengthen them further. The 
snapshot presented in this paper is a unique 
effort at consolidating our understanding of 
related dynamics. 

The annual reports of the institutions that 
run the clubs referred in this analysis present 
information about the output achieved in terms 
of the number of beneficiaries and knowledge 
products delivered, they do not provide deeper 
insights about the logical framework of the 
choice and tools of delivery and impacts on 
learning or action enabled as a consequence. It 
will be useful to carry out a detailed analysis of 
the constraints that impose themselves on the 
intended purpose and optimal delivery to 
devise appropriate structures of governance. 
Synergies and locally adapted knowledge 
products that build on the strengths of the 
people using them at the local level will 
enhance the qualitative and quantitative profiles 
of the benefits through science clubs. A 
compendium on the successes and related 
knowledge systems will be a useful starting 
point to consolidate efforts in this context. 
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Abstract. We propose the use of simple 
physical devices like balances, levers and 
sticks to understand modern concepts of 
relativistic physics like mass/energy 
equivalence or the generation of electricity by 
induction. The approach is based on the 
geometric formulation of relativity in spacetime 
by Minkowski. 

To explain mass/energy equivalence we 
propose the use of ancient scales together with 
spacetime diagrams to gradually recognise the 
effect of the lever inclination on the equilibrium 
point and therefore on the relationship between 
mass and energy. For the explanation of 
electromagnetic induction we will show how the 
movement of a conductor stick, together with 
the relativistic effect of length contraction are 
responsible for the creation of the induction 
current. 

Keywords. mass/energy equivalence, 
relativity, spacetime, electromagnetic induction. 

1. Introduction 

Hermann Minkowski, after Albert Einstein 
published his papers about Special Relativity 
(SR), stated that this theory has an essential 
geometric nature, with space and time joined 
together into a new physical entity which he 
called „spacetime“. Spacetime is endowed with 
a new kind of geometry, in which the speed of 
light plays the role of an „universal absolute“. 

We propose to use this striking geometrical 
feature to develop teaching strategies to 
present relativity and its effects in a mainly 
visual way, thus allowing students to 
concentrate in the understanding of the 
reasons and consequences of this new kind of 
physical geometry. 

The author has presented this idea as an 
interdisciplinar teaching unit for sophomore 
students [1]. It has been also the subject of a 
PhD these, whose content was presented at 
the ESERA Conference in Istambul on 2009 

[2], or, more recently, as a series of videos with 
animations which were presented at the 11th 
Conference on Hands-on-Science that took 
place on 2014 in Aveiro [3]. 

The aim of this paper is to enlarge the scope 
of physical effects that can be explained with 
this visual methodology, as well as the type of 
materials that can be used for this purpose. 

We will focus on two physical effects: 
Mass/energy equivalence, with levers as the 
main didatic material for it, and electromagnetic 
effects, where we will use rods and sticks to 
explain how they can be derived directly from 
the relativistic length contraction. 

2. Mass/energy equivalence with levers 

The equivalence of mass and energy, 
represented by the famous formula E = mc2, 
which is considered one of the most famous 
formulas of all times and an icon of relativity, 
can be easily interpreted and understood with 
the help of levers and balances. 

The balance was one of the first 
technological advances of humankind, and its 
development and diffussion is being currently 
object of intensive study as an early example of 
innovation processes [4], [5]. 

2.1. Balances with fixed fulcrum 

The equal-armed balance (Fig.1) was 
already known by the ancient Egyptians. 

 
Figure 1. Egyptian equal-armed balance 

This type of balance needs a precise set of 
increasing weights, which difficulted their 
transportation and their use was restricted 
mainly to closed places. 

The development of an unequal armed 
balance seems to presuppose knowledge of 
the lever rule. The familiar steelyard or Roman 
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balance (Fig. 2) has a fixed fulcrum and a 
counterpoise weight moving along its arm. This 
balance needs only one counterpoise instead 
of a uniform set of weights. For this reason it 
could be easily carried. 

 
Figure 2. Roman unequal-armed balance 

It was presumably the most widespread and 
frequently used mechanical precision 
instrument in antiquity and late antiquity [4], 
and it has also been the most common type of 
scales in China since the Han dynasty of the 
2nd century BC [6]. 

2.2. Balances with mobile fulcrum 

In this type of balance, known as the bismar 
in Medieval Europe (Fig. 3), the counterpoise 
weight is fixed, and balance was achieved by 
moving the fulcrum, which was normally a 
simple loop of chord [7]. 

 

Figure 3. Bismar balance 

The first mention in the Western world to this 
balance is in the Aristotelian Mechanical 
Problems (problem 20), which were probably 
written by Archytas of Tarentum [8]. The 
operation of this balance can be understood by 
the laws of the levers as stated by Archimedes. 
This is a static type of justification, where the 
fulcrum is placed at the equilibrium point 
between both masses [7]. 

Bismar balances had the advantage of their 

simplicity of construction and use. In fact, any 
stick with a fixed weight on one end (such as 
tools like hoes or hammers, cookware like 
dippers or pans, or even weapons like spears 
or clubs) can be converted to a bismar balance 
by simply placing a hook at the other end [9]. 

We will use a qualitative rule which applies 
to these balances. It states that gretaer masses 
drag the fulcrum to them. In fact, an infinite 
mass would place the fulcrum directly at the 
hook. 

2.3. Inclination balances 

The idea of measuring weights by the 
inclination of the balance arm has been used to 
develop several types of inclination scales or 
pendulum scales, such as letter scales (Fig. 4), 
which can have a basis (to be placed on a 
table) or a ring (to be suspended from it). 

 
Figure 4. Letter scales 

Their operation is based on the concept of 
stable equilibrium, which can be achieved when 
the center of masses of a rigid system lies 
under its hanging point (this is how a pendulum 
operates). 

We will resort, for didactic purposes, to 
devices that are not associated with the 
concept of a balance, such as for example a 
clothes hanger (Fig. 5) or any similar object. 

 

Figure 5. Clothes hanger 

The hanger has a fixed point which is placed 
appreciably over the base line (the „stick“ of the 
imaginary balance). The fulcrum is not a 
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physical object, but the vertical projection of 
this hanging point to the stick. If the right mass 
is greater than the left one (Fig. 6), the hanger 
will be inclined to the right, thus displacing the 
fulcrum also to the right (where the greater 
mass is placed), which is what the qualitative 
rule stated at 2.3 predicts. 

For small inclinations (or, equivalently, low 
mass unequalities) it is possible to establish a 
simple direct relation between mass and 
inclination. 

The baseline (Fig. 7) has a length L and the 
height of the hanging point over the baseline is 
H. If we place two masses m and M, we can 
say that M = m(1+d). The displacement of the 
fulcrum will have a value of x, and the length of 
the arms will be now equal to L/2+x and L/2-x 
respectively (Fig. 8). 

 

Figure 6. Hanger as a lever (unequal masses) 

Figure 7. Hanger with special measures 

 

Figure 8. Law of the lever 

The law of the lever states that m(L/2+x) = 
m(1+d)(L/2-x) (1) 

L/2+x=L/2-x+dL/2-dx 

(2+d)x=dL/2 and x=(0.5*dL)/(2+d) (2) 

In the special case where the difference 
between M and m is low, d will be small 
compared to 2, and we get the approximate 
result 

x= dL/4 (3) 

Comparing triangles we see that the vertical 
distance h between m and M due to the 
balance inclination can be expressed as 

h=xLH-1=0.25*dL2H-1 or d=4*HL-2h (4) 

This would allow us to use the factor 4*HL-2 
to create a vertical scale and place it at the left 
side of the balance, where we could read 
directly the relative difference between both 
masses (d). 

 
Figure 9. Arc of circumference in hanger 

We can even replace the imaginary fulcrum 
by a real object. This object has to go by itself 
exactly to the equlibrium point, and this can be 
achieved by substituting the straight baseline of 
the hanger by an arc of a circunference, with 
radius R and chord L (Fig. 9). 

A small ball rolling over this curved line (Fig. 
10) would show the position of the fulcrum. 

The curved base can even be used to hold 
up the system over a horizontal surface, in 
which case the hanger would not be necessary 
(Fig. 11). 

If we want this baseline to stand by itself on 
a table, we should use a surface created by 
revolution of the curve around a central point 
(Fig. 12). 
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With a small ball moving freely on it, two 
masses can be compared if we place them on 
opposite borders of the dish. The system will be 
inclined in the direction of the gretaer mass 
(Fig. 14), and the displacement of the ball from 
the central point will be a measure of the ratio 
between both masses (neglecting the disk´s 
mass). 

 

Figure 10. Ball showing the fulcrum 

 

Figure 11. Curved lever without hanger 

2.4. Spacetime balance: inelastic colli-
sion 

It is possible to compare the masses of two 
colliding particles at the spacetime graph of an 
inelastic collision [3]. Placing space as the 
horizontal dimension and time as the vertical 
one, the collission of two masses with opposite 
velocities will be seen as a symmetric 
(isosceles) triangle (Fig. 15). 

 

Figure 12. Surface of revolution 

Figure 13. Wall light, satellite dish 

 
Figure 14. Curved surface with rolling fulcrum 

After the collision, both masses will follow 
the same path together (Fig. 16, wide black 
line). We can draw this line back in time 
(dashed line), and it will represent the center of 
masses at any given time (small triangle). 

 

Figure 15. Symmetric collision in spacetime 

We can add an imaginary rod, which is 
represented in the figures by a solid horizontal 
line joining both masses (Fig. 17). A horizontal 
line in spacetime can be interpreted as a „slice 
of reality“, where the measurement takes place. 

The center of masses follows the law of the 
lever, and we can see that its position allows us 
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to compare the values of the masses (they are 
equal at the left figure, whilst at the right figure 
the mass at the right is greater than the mass 
at the left). If one of the masses is known, this 
comparison allows us to measure the mass of 
the other particle using the law of the lever, and 
we have a spacetime balance. 

 

Figure 16. Center of masses and fulcrum 

 
Figure 17 

2.5. Energy: pendulum 

In order to place mass and energy into the 
same diagram, we will resort to the pendulum, 
which had been studied already by Galileo, 
Huyguens and Newton as a tool to develop 
their mechanical ideas [10]. 

The ballistic pendulum is a device where a 
mass m collides at a speed v with a pendulum 
at rest, and the vertical deviation of both 
masses after the inelastic collision is used to 
establish the velocity v (Fig. 18). 

In the previous figure we have made the 
assumption that the mass of the pendulum is 
negligible compared to m, and we have chosen 
units where m, L and g are all equal to 1. This 
establishes automatically the unit of time as 
ut=(L/g)1/2. For example, if we have a pendulum 
with L = 1m, taking g=9.8 m/s2 as the unit of 
acceleration would render ut = 0.32 s. 

Under these circumstances, the energy 
conservation Ec = Ep and the laws for both 
energies (Ep=mgh, Ec=1/2mv2), as well as the 
geometric property h=1/2x2, (which is valid for 
small deviations x compared with L) return the 
interesting result v = x. We have thus a way to 

establish and measure the velocity v of the 
incoming bullet directly from the distance x 
travelled by the pendulum after the collision. 

With the chosen units for m and g, we have 
also that E = h. This special pendulum, 
therefore, measures both energy and velocity 
(or equivalently, momentum, since p = mv = 1, 
because m = 1). 

 

Figure 18 

But L is also equal to 1, and thus the 
inclination of the pendulum from the vertical line 
will coincide with the velocity of the particle 
when represented in a spacetime diagram. This 
is an interesting way to connect spacetime with 
momentum/energy diagrams, as can be seen in 
Fig. 19. 

 
Figure 19. From spacetime to energy 

These figures, although apparently very 
similar, are drawn in different spaces: the left 
figure is drawn in spacetime (and its lines 
represent the movement of the bullet and the 
pendulum at rest), the central figure is in 
„normal“ (two-dimensional) space (the lines 
represent the rods of two pendulums, the 
vertical being at rest and the inclined coming to 
collid with the same speed as the bullet), and 
the figure to the right is drawn in the new 
momentum/energy space (in this case, the 
lines are there only to compare with the other 
figures). 
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2.6. Mass, energy and relativity 

After having established our spacetime 
balance, together with the geometric 
equivalence between spacetime and 
energy/momentum spaces, we can proceed to 
the following theoretical question, which 
Einstein already established as the title for one 
of its famous articles in 1905: »Ist die Trägheit 
eines Körpers von seinem Energieinhalt 
abhängig?« (Does the inertia of a body depend 
upon its energy-content?). This article [11] was 
the origin of the mass/energy equivalence 
relations, with the worldwide famous formula 
E=mc2 . 

We will introduce mass and energy into our 
spacetime balance and look after their 
behaviour under a spacetime transformation. 
Uniform movements are represented as 
straight lines in spacetime, and any 
transformation between inertial reference 
systems must keep them straight. As a 
consequence, the transformations will have the 
property of being linear. The determinant of a 
linear transformation measures the rate of 
change in the surface area, and the 
determinant of two successive transformations 
is the product of their determinants (in 
particular, the determinant of the inverse 
transformation is the inverse of its determinant). 
The principle of space isotropy states that all 
spatial directions have the same properties. To 
obtain the inverse transformation of a given 
one, we must simply go in the opposite 
direction. As a consequence, the spacetime 
area must be conserved in inertial 
transformations (because otherwise it would 
change differently in one direction and in the 
opposite one, contradicting the isotropy 
principle). The conservation of spacetime area 
is a fundamental property of every relativistic 
transformation between reference systems, and 
we will use it as a geometric property of the 
spacetime transformations. 

We will begin with a very symmetrical kind of 
inelastic collision, where two identical particles 
collide with opposite velocities. In this special 
situation, it is straightforward to verify that the 
center of mass, due to the symmetry of the 
figure, must stand at its center (Fig. 20, left 
side). This corresponds to the condition of both 
particles having the same mass. 

If we view the same collision from the 
reference system of the mass coming from the 

left (Fig. 20, right side), this means that its 
spacetime line will be vertical (any particle is at 
rest in its own reference system), whilst the 
other mass comes from the right with greater 
speed. Regarding energy, the left mass will 
have no kinetic energy, and the same is not 
true for the right mass. The symmetry of the 
situation is therefore broken, and we can now 
try to find an answer to Einstein´s question in 
the following visual way: The right mass has 
energy, but the left one has no energy. Any 
change in the inertia of the right mass due to its 
energy content should be observed as a 
displacement of the centre of mass. 

 
Figure 20. Einstein´s question in spacetime 

Classical relativity is based on the galilean 
transformation, which depends on the concept 
of a universal time. This means that the 
(horizontal) baseline of the figure remains 
unchanged (Fig. 21). 

 
Figure 21. Classical symmetric collision 

The centre of mass lies therefore always in 
the middle of both masses (Fig. 22), and the 
answer to Einstein´s question from classical 
physics is crearly a negative one: The energy 
does not displace the centre of mass, because 
mass and energy are clearly different 
magnitudes and they cannot be added in 
classical physics. 

We have drawn spacetime cells as lateral 
parallelograms for every particle to see more 
clearly the effect of the spacetime 
transformation. It is possible, for example, to 
recognize that the spacetime area of these 
cells remains constant during the 
transformations, since the area of a 
parallelogram is given by the product of its 
base by its height, and both remain unchanged. 
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2.7. Mass and energy in special relatI-
vity: equivalent magnitudes 

Special relativity is based on the Lorentz 
transformation, where the horizontal baseline, 
due to the relative movement, gets an 
inclination which in natural units (where c = 1) 
is equal to the inclination of the line of the 
particle with respect to the vertical. 

It is possible to compare the effect of 
inclination on a square and a rhombus which 
derive from a given square of size 1, if both 
figures share a common side, which derives 
from an inclination of the square´s side by a 
factor v (Fig. 23). 

 

Figure 22. Galilean transformation 

 
Figure 23. Inclined square and rhombus 

The inclined square will have now a size 
greater than 1 (S=1+v2), and the rhombus´ size 
will be smaller (S=1-v2). 

If the size of these figures must keep its 
initial value of 1, we must compress the square 
and expand the rhombus. In both cases, the 
change in size is the same: v2. For small values 
of v, this change in size can be viewed as the 
substraction (for the inclined square) or addition 
(for the rhombus) of two strips with approximate 
length of 1 and width of v2/2 (grey shadows on 
the right side of Fig. 23). 

In the general case, the square will describe 
a circumference, and the vertical contraction 
(Fig. 24) will be given by the cosine of the 
inclination angle. For the rhombus (Lorentz 
transformation), the line described is a 
equilateral hyperbola, and the vertical dilation is 
given by a hyperbolic cosine. The function cosh 
v, for small values of v, can be approximated by 
1+ v2/2, as we have seen. 

 
Figure 24. Circular and hyperbolic functions 

As a consequence of this, the Lorentz 
transformation will show an enlargement on the 
vertical component of the timelike lines, which 
is called „time dilation“. The combined effects of 
time dilation and base inclination will create a 
new geometrical meaning for energy, as we will 
see. We will begin with the spacetime diagram 
of the symmetric collision with the spacetime 
cells (Fig. 25). 

The change to the reference system of one 
of the masses is called a „boost“, and its 
geometric representation is a Lorentz 
transformation (Fig. 26). 

 
Figure 25. Relativistic symmetric collision 

We can notice several differences between 
the classical case (Fig. 22) and the relativistic 
case (Fig. 26). The latter shows again the 
center of masses at the middle of the inclined 
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baseline (dashed line). But the spacetime 
balance must be constructed, as we have seen, 
with an (imaginary) horizontal rod, because 
reality is horizontal in spacetime. The position 
of the center of masses in this rod is no more in 
the middle of both masses, but it is displaced to 
the right. The situation is no more symmetric, 
and the mass coming from the right has a 
kinetic energy which the other mass lacks (it is 
at rest in its own reference frame). This 
dragging action of the energy on the center of 
masses is equivalent to an additional mass. In 
this case, the answer to Einstein´s question is: 
„YES, the inertial properties of the mass have 
changed due to its energy“ [12]. 

 
Figure 26. Symmetric collision after the boost 

We can even try to quantify the magnitude 
of this effect (at least in the low-velocity case) 
using the relations we have seen earlier for the 
inclined levers. In section 2.4 equation 4 tells 
us that the vertical displacement h is 
proportional to the (relative) additional mass d, 
the proportionality factor depending on the 
measures of the balance. The spacetime 
diagram in Fig. 27 shows also that the energy 
is proportional to the vertical displacement h, 
which is in visual accordance with Fig 19 for the 
pendulum. 

 

Figure 27. Spacetime collision with energies 

All these relations give us a strong visual 
and intuitive supoport for the claim that energy 
displaces the center of mass in the same way 
as an additional mass would do. We are using 
natural units with c = 1, and Einstein´s formula 
in these units looks much more unsurprising: 

E = m 

We have now the possibility to explain the 
most famous formula of modern physics in a 
visual way using levers and diagrams. 

3. Electromagnetic effects with rods 

The mutual force between parallel currents 
(known as Ampère´s Law) can be explained as 
a consequence of the relativistic effect of length 
contraction when applied to the moving 
charges, and some textbooks already use this 
approach [13]. In the same way, we will show 
how the movement of a conductor stick, 
together with the relativistic effect of length 
contraction, are responsible for the creation of 
an induction current (Faraday-Lenz Law). 

 

Figure 28. Length contraction 

3.1. Length contraction 

The Lorentz transformation, when applied to 
a certain length which is parallel to the relative 
velocity, creates a relativistic effect which is 
knwon as the length contraction. We can view it 
as the (horizontal in spacetime) distance d 
between two parallel lines (a, b) corresponding 
to two charged particles in relative rest. This is 
the distance d in Fig. 28 (left) between points O 
and P in their own reference system. 

If the charges are moving all with the same 
speed v (Fig. 28, right side) then the new 
horizontal distance will be d´= d/γ. The factor 
1/γ is called the „length contraction factor“. It is 
always lower than 1, and in the low-speed limit 
(as shown in section 2.7) it can be 
approximated by 
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-1=1-0.5*v2    (5) 

3.2. Line current I 

We will use a very simple model for a line 
current. It consists of two sets of particles with 
identical positive and negative charges, which 
are uniformly spaced over a very long straight 
line where they move with constant opposite 
velocities. A charge density λ0 is defined 
dividing the individual charges by their 
separation. The positive charges will have a 
density λ+ = λ0 whilst the negative charges 
show a density λ- = - λ0 . 

 

Figure 29. Current and boost 

The total (net) charge density is obtained as 
λ = λ+ + λ- = λ0 - λ0 = 0. This means that for an 
outside observer the line current appears to 
have no net charge at all. 

The positive and negative charges move 
with opposite velocities v+ = v and v- = -v. 
These movements produce two currents: 

 I+ = v+ λ+ = vλ0 for the positive charges, and 
I- = v- λ- = (-v)(-λ) = vλ0 for the negative 
charges. There will be a net current as a result 
of both opposite movements: 

I = I+ + I- = 2 vλ0 (6) 

3.3. Ampère Law 

If we place two line currents I1 and I2 parallel 
to each other at a distance r, the experimental 
evidence obtained by Ampère states that they 
feel a mutual force which is attractive if both 
currents flow in the same direction, and 
repulsive if their directions are opposite. The 
force by unit of length F/L is given by 

F/L=0I1I2/2r    (7) 

It is possible to explain this force as a result 
of the relativistic effect of length contraction. 

In natural units, where the speed of light is 
equal to 1 (c=1), the relation between the 
magnetic and electric constants μ0 and ε0, 

μ0·ε0=1/c2 = 1 implies that μ0=1/ε0 . We define 
the intensities I1 = 2vλ1 and I2 = 2vλ2. With 
these units and definitions, the force obtained 
experimentally by Ampère can be expressed as 

F/L=4v21 2/2r    (8)  

In Fig. 29 (left) we can see the model of line 
current in a spacetime diagram. The positive 
charges (solid lines) go to the right and the 
negative charges (dashed lines) flow to the left. 
They are equally spaced, so that the net charge 
is zero (we can count 3 positive and 3 negative 
charges in the horizontal slice of spacetime). 

At the right, we see the same current as 
observed from the reference system of the 
positive charges in the second conductor. This 
corresponds to a boost that places the positive 
charges at rest, while the negative charges 
have greater speed to the left. The length 
contraction applies in this case to the negative 
charges, and they are more tightly spaced (we 
can count 4 negative charges but only 3 
positive charges in the spacetime slice). There 
is now an excess of negative charge in 
conductor 1, and since the reference system 
corresponds to the positive charges of the 
second conductor, they will feel an attraction, 
as was observed by Ampère. 

To quantify this effect, we should notice that 
the negative charges (in the low speed 
approximation) will have a velocity 2v, and the 
legth contraction (Eq. 5) will have a value of 

-1=1-2*v2            (9) 

The charge density is inverse to the distance 
between charges, and the inverse of 1-2v2, in 
this approximation, can be taken as being 
1+2v2. Therefore, if the density of the positive 
charges in the first conductor is λ+ = λ1, the 
negative charges will have a greater density: λ- 
= - λ1 (1+2v2). The total charge density has now 
a nonzero value: 

λ = λ+ + λ- = λ1 – λ1(1+2v2)= - 2 λ1v
2 (10) 

The first conductor is felt therefore (by the 
positive charges of the second one) as a 
charged rod with a negative density -2λ1v

2. This 
produces an electric field with a value of 
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E=2v21/2r    (11) 

A segment of length L from the second 
conductor, whose charge density is λ2, will 
have a total positive charge q=Lλ2, and it will be 
attracted by the first conductor with a force  

F+=qE=2v212/2r    (12) 

The negative charges from the second 
conductor, in their own reference system, will 
see the negative charges in conductor 1 at rest, 
and the positive charges in movement, so that 
they will be contracted. There will be an excess 
of positive charges, which will exert an 
attractive force F- with the same value as F+. 
The segment of length L from the second 
conductor will thus feel a total attraction with a 
value of 

F=2F+=4Lv212/2r    (13) 

Which corresponds exactly with Ampères 
Law as written in Eq. (9). 

3.4. Electromagnets 

The possibility of explaining Ampère´s Law as a 
direct consequence from the relativistic effect of 
length contraction opens the gate for the 
introduction of magnetic effects as a sensible 
evidence in favor of relativity in earlier courses. 

 
Figure 30. From currents to magnets 

To understand the operation of magnets and 
magnetic motors, we can simply resort to the 
pair of attracting parallel currents, and turn 
them around to form circles, which will also 
attract one another. A collection of such circular 
currents is a solenoid, and a magnet can be 
substituted by a solenoid with the appropriate 
orientation (Fig.30). 

Magneric effects can be very impressive and 
diverse, and they can be presented in any 
laboratory from the most simple case of a self-
made electromagnet to more complex ones, 
such as electric motors (Fig. 31). 

As we have seen, all these phenomena can 
be explained very intuitively using only the 
attractive or repulsive forces between parallel 
currents, which ultimately derive (even 
quantitatively) from the relativistic effect of 
length contraction. 

 

Figure 31. Electromagnet and electric motor 

3.5. Plane current K 

It is also possible to explain the generation 
of electric currents by induction resorting only 
to relativistic effects. We will focus here on the 
special case of an uniforma and static magnetic 
field. This can be ideally achieved by an 
unlimited planar sheet of current, which can be 
also viewed as an infinite set of parallel line 
currents lying on a plane. If the intensity of 
every line current has a value of I and there are 
N lines per unit of width, the plane current is 
defined as K = NI. 

The magnetic field created by this plane 
current has a value 

B = μ0IN/2 = μ0K/2, (14) 

which is uniform and does not depend on 
the distance from the sheet of current. 

We can model a plane current in the same 
way as we did in section 3.2 for linear currents. 
We consider now that the plane current is 
made up of two uniform plane sheets of 
opposite charges moving with opposite 
velocities. Defining the surface density of 
charges as σ0, we will have two cahrge 
deinsities σ+ = σ0 and σ- = - σ0 which cancel 
mutually to produce a total charge density σ=0. 

Positive and negative charges move again 
with opposite velocities v+ = v and v- = -v, 
producing two plane currents K+ = v+ σ+ = vσ0 
and K- = v- σ - = vσ0. As a result of both 
opposite movements there will be a net current: 

K =K+ + K- = 2 vσ0 (15) 
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3.6. Induction (Faraday Law) 

If a conductor of length L lies perpendicular 
to a uniform magnetic field B and is forced to 
move with a velocity v2 which is perpendicular 
both to the field and the conductor, an 
electromotive force (emf) Є is generated with a 
value of Є = BvL (Fig. 32). 

This is a consequence of Faraday´s Law, 
and it is also in accordance with Lenz´s Law Є 
= - dΦ/dt, where Φ is the magnetic flux over a 
closed surface S (Φ=B·S) and the minus sign 
indicates that the induced current is opposed to 
the change in magnetic flux. 

 

Figure 32. Sheet of current and emf 

To show the identity of both expressions, we 
recall that the magnetic field B is perpendicular 
to the surface S. As a result, the magnetic flux 
will be given by Φ = BS, and its time derivative 
dΦ/dt = SdB/dt + BdS/dt. We consider the case 
where B is constant, so dΦ/dt = BdS/dt. The 
conductor sweeps a surface dS = Ldx with a 
velocity v2 = dx/dt, and thus dS/dt=Lv, which 
immediately renders the desired result: 

dΦ/dt = BdS/dt = BLv. (16) 

An electromotive force Є on a conductor of 
length L can be seen also as the result of a 
uniform electric field E pointing alongside L. 
The relation is Є = LE, or E = Є/L. (17) 

Equations (14) to (17), together with μ0=1/ε0, 
give the following expression for the field E: 

E = Є/L = Bv = μ0Kv /2 = v2σ0 /ε0 (18) 

We will try to justify equation (18) as a result 
of the relativistic length contraction when 
applied to the negative charges (Fig. 33). 

We make the assumption that the rod 

moves with the same speed v as the current 
charges (we could always assure this by 
adjusting the surface density accordingly). 
Then, from the rod´s reference system, the 
positive charges would be at rest and the 
negative charges would move with a speed 2v. 
The same as in (10), if the density of the 
positive charges in the current sheet is σ+ = σ0, 
the negative charges will have a greater 
density: σ- = - σ0 (1+2v1

2). The total surface 
charge density has now a nonzero value: 

σ = σ+ + σ- = σ0 – σ0 (1+2v2)= - 2σ0v
2 (19) 

The electric field due to a plane charged 
with a surface density σ is E = σ /2ε0 , which 
using (19) gives E = σ0v

2/ε0 which is identical to 
the desired expression (18). 

 
Figure 33. Boost and resulting electric field 

3.7. Electricity production 

Electromotive forces (or induction currents) 
are responsible for the production of electricity 
in almost every generator. In this way, it is 
possible to state that relativity is the ultimate 
cause that allows artificial electricity to exist. 
This can be very easily illustrated at any 
elemental laboratory using a didactic dynamo 
or alternator, as well as with a bycicle lamp 
(Fig. 34). 

The relativistic explanation for the induction 
of electromotive forces, as well as for magnets 
and motors, has two great advantages from a 
didactic point of view: It is conceptually simple, 
and at the same time it makes relativity a 
plausible and real phenomenon, not of an 
esotheric nature, but related instead to the very 
foundations of our highly techified societies. 
The fact that the same effect of length 
contraction can be used to explain a broad 
scope of electromagnetic effects as well as the 
equivalence between mass and energy, is an 
additional advantage of this innovative didactic 
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approach. Its visual essence, derived from the 
fact that relativity is embedded in the geometry 
of spacetime, adds even more interest to it from 
a constructivist viewpoint. 

 
Figure 34. Didactic and bycicle dynamos 
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Abstract. The key purpose of this paper is to 
make a didactic proposal that tries to overcome 
the prejudices among students against 
Mathematics by providing them with the 
opportunity to connect the subject not only with 
their school work but also with their personal 
interests from a hands-on perspective. All the 
projects based in an entrepreneurship 
education that portrays motivation as key. 

Keywords. Entrepreneurship, Mathematics, 
Motivation. 

1. Introduction 

This good practices paper is based upon my 
personal experiences from three different 
points of view. Firstly, as a student that always 
looked forward to participate in 
entrepreneurship programs. Secondly, as a 
trainee teacher at Escola da APEL where I had 
the privilege of working and learning with all the 
members of the school community that 
demonstrated the utmost commitment to an 
effective education. Last but not least, as a 
MYP Mathematics teacher at MADEIRA 
Multilingual School, which was an opportunity 
to my professional development, as a result of 
exploring The International Baccalaureate 
philosophy and also implementing my prior 
learning on the Portuguese curriculum. 

Trying to understand how to best prepare 
the students for a future that will definitely look 
radically different not only from the school 
environment but also from present, reveals the 
significance of developing transversal skills. 
The mission of the teacher is to instigate the 
natural curiosity and logical questioning to 
students, as well as encourage their search for 
knowledge. Equally important is to make them 
realize that error is a step of the process and, 
thus encourage them to take risks. In order to 
do so, students will have to be open-minded 
thinkers that embrace whatever comes from the 
outside and make creative changes to find a 
reasonable goal. 

Taking into account that Mathematics is 
considered to be the key tool for logical 
thinking, a holistic Mathematic education that 
fosters the development of critical thinkers and 
proactive citizens cannot leave aside other 
areas of knowledge. Therefore, it directly 
implies its connection with entrepreneurship as 
it provides the students with the essential 
attributes to become true entrepreneurs. 

Motivation is the input for achievement, it is 
the first step to be well succeeded in a subject, 
in school, and consequently in life. Embracing 
the true spirit of mathematics and creating the 
right environment will determine the way 
students work before, throughout, and after 
discovering this universal language. In this 
matter, it is important to understand the 
students’ perceptions of the use of 
Mathematics, and consider what role creativity 
plays in forming these perceptions. 

To improve this ability, the teacher has the 
duty to emphasize the relationship between 
affective and cognitive experience. This means 
that the students not only should be introduced 
to an interesting activity but also be given the 
freedom of choice regarding the matter. For 
instance, in my experience with the MYP3 
students, I had to deal with one particular 
student whose dismay for Mathematics 
prevented her from learning. Hence by 
combining a real life scenario, in this case her 
passion for horsemanship, with Mathematics 
helped her understand the usefulness of this 
subject in life. 

All things considered, it relies on the teacher 
the commitment of becoming a learner, focused 
on the strengths of the students as individuals 
and their personal interests, rather than 
applying conventional methods that, not only do 
not benefit the group work, but also do not have 
the suitable prior learning. 

In short, students are responsible for 
choosing the movie and are invited to look for 
the Mathematics behind the scenes. This 
subject should be a journey of enlightenment 
where both students and teachers are long life 
learners. 

2. Education System, teachers and 
students. 

We live in a demanding world that expects 
us to be prepared not only to respond to 
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multiple situations as well as to analyse them 
from different perspectives. The complexity of 
living in the 21st-century lies in the fact that we 
are into an hyper-connected culture, with more 
people and fewer resources which evokes to a 
hectic and competitive world full of 
uncertainties. A society which features a 
workforce that is further mobile and better 
qualified than ever before, which is also ready 
to embrace careers that engage multiple jobs, 
positions and skills sets. 

To be able to succeed in that matter and 
overcome the impacts of globalization, we as 
individuals must develop the skills and 
consequently the needed attributes throughout 
our lives. Considering that, at an early stage we 
are shipped into an educational system in 
which we become the produced images of 
those who have the mission of developing the 
inherent philosophy and the underlying 
program. 

Undoubtedly, families and caregivers do not 
have the resources or(and) training to support 
their children’ academic success and in some 
situations their social development is left mostly 
in the hands of the education experts. 
Therefore, it is the educational system that has 
the responsibility to guarantee that students are 
not only equally prepared to engage a 
professional life, but also to make a positive 
enrichment to their community. 

In our society, we can observe that students 
are maturing in different ways, instead of 
achieving the same qualities to survive in the 
world that seeks out innovation. 

Despite all the reformers advocating 
change, this line of reasoning highlights the 
brittleness of the standardized educational 
system and its professionals. 

Thus, this brings us to two questions. First, 
what is happening to our educational system, 
and what are the aims towards the attributes 
that our students are achieving? Further, are 
we just performing, or are we doing an effective 
teaching? 

One cause for the inefficiency of our 
educational system remains to the governing 
culture that, instead of focusing their aims on 
the teaching and learning are centering 
intentions on the testing. Assessment is 
necessary, and standardized tests and exams 

are one of the ways to observe and quantify the 
students’ contents achievement and present 
statistical answers to society. The problem is 
that the dominant culture of education rather 
than using the results as a diagnostic to 
support learning, it is generalizing our students’ 
abilities on those results, and it is restraining 
their development. 

As a human system, education should be 
not compared to an industrial process, built on 
automatic conjectures that can be enhanced 
just by providing better data. It is a utopian 
assumption to think that we will accomplish the 
flawless guideline and that it will have an 
endless use. It should be taken into account 
that our students are not standardized people. 
It is precisely due to the essence of the human 
being that each student has a particular way to 
interpret and to react, especially when they 
have to face a standardized educational 
program. 

Nonetheless, our education system is 
engulfed in the thought of academic ability, due 
to the industrialism. However, having a degree 
does not assure that you will be able to have a 
job. Therefore, another cause of the 
inadequacy of our system concerns the core of 
subjects that are considered essential for the 
students’ success. 

As we can see, not all of our students know 
precisely, what their visions for the future are. 
Unfortunately, our students are obligated to 
choose a particular area of knowledge which 
presents a restricted group of subjects instead 
of having a broad and balanced core. 
Moreover, they are discouraged to do subjects 
they like based on the idea that they would 
never get a job in such area. 

The Portuguese Ministry of Education states 
in the Portuguese Curriculum what are the 
expected attributes for a student to achieve 
throughout their process of education. 
However, the decisions and the adopted action 
plans lead the community to interpret different 
aims. Likewise, until I was a trainee teacher 
when I had the opportunity to analyze the 
Portuguese Curriculum document, I envisioned 
that the purposes of the educational system 
were based on contents and not on transversal 
abilities. 

Finding in the Portuguese Curriculum 
document, that education government state 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 
 

63 

their goals on skills, combining both global and 
explicit skills [1] made us wonder why patterned 
assessments will report the achievement of the 
students. 

The striking fact on this issue is that the 
Portuguese system portrays a fever for the 
national exams and its final results. Indeed, 
focusing on the university entrance, which is a 
protracted process, has come to a point, where 
it is bringing consequences into our students’ 
development. The main problem is that the 
students after succeeding (or not) in 
standardized subjects, think they are not high 
talented, brilliant, and creative. Also, due to the 
belief that errors are fatal, they become 
frightened people, incapable of taking risks and 
consequently lead them to failure. 

Carried to its logical conlusion, this line of 
reasoning means that the Portuguese 
educational system is, in fact, a contradictory 
system. On the one hand, the Portuguese 
Ministry of Education states in the Portuguese 
Curriculum what are the expected attributes for 
a student to achieve throughout their process of 
education. On the other hand, the adopted 
decisions and action plans lead the community 
to interpret different aims. 

The effectiveness of an educational program 
is the strength of those who implement the 
actions and guide the students throughout their 
development. Included in this process, are all 
the professionals that set education as a goal. 
Notwithstanding, we teachers are held as the 
primarily responsible for the students’ success. 

Due to the technological progression our 
students are linked with people that are 
thousands of miles away as if there were in the 
in the same environment. They are consuming, 
reducing and communicating information 
through unimagined channels, which means 
that teachers are no longer the unique source 
of information. Howbeit, there can be no doubt 
that we are vital when validating, synthesizing 
relating and transforming the amount of 
available information into a problem-solving 
action. 

One of the outcomes of this current culture 
has been the understatement of the importance 
of teachers. We have been persuaded to direct 
our teaching in order to prepare our students to 
standardized exams, each one related to a 
certain area of knowledge. Owing to that fact, 

we have been encouraged to carry out routine 
algorithms rather than following our beliefs that 
would contribute decreasingly to the lack of 
connection between the educational 
environment and the real-life context. 

As might be expected, this erroneous idea 
about the role of the teacher, evoked the 
discrediting of its figure by all the community. 
Wherefore, it has resulted in the 
discouragement of our category because we 
are forced to work against the system that does 
not support us when teachers are the carriers 
of the success of schools. 

All this leads us to the need for change. We 
need an entrepreneurial education that 
flourishes all the capacities of the students and 
allows us and supports us, teachers, to go 
beyond the imaginable and provide our 
students an enhanced learning process. 

Nowadays the word entrepreneurship has 
entered into our lives. The world seeks for 
entrepreneurs, people who are creative, 
innovative, natural or nurtured leaders. Those 
that are thinkers and inquirers, who explore 
opportunities and with a sharp focus on control 
and unlimited force take the risk and turn 
problems into successful ventures. A unique 
human being that is a passionate, unstoppable 
learner that assumes failure as a step in the 
process. An individual independent and self-
sufficient that is able to work in a team and puts 
his best effort to transform and to create a 
thriving culture. Unquestionably, a real person 
that combines all these layers and sets apart 
from their peers. 

There are people who infer that 
entrepreneurs are born and not made, and 
there are people who share the opposite idea. 
A real entrepreneur is one who understands 
that achieving such abilities is a perpetual 
process, and that is inwardly related with the 
education process of learning.[2] All the 
experience is taken into consideration. The 
gains through education are vital to a future 
success. 

Before wondering about if the students are 
becoming entrepreneurs, the teachers should 
ask themselves if they truly believe and live 
throughout their believing in that matter. 

Taking into consideration that the 
"experience is what gives meaning to 
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language" [3] an effective teaching is a road, to 
an education of revolution. By that, to nurture 
the entrepreneurial spirit into our students, we 
have to be entrepreneurs. 

Day after day, we face people who do want 
to learn or do not wish to hear, even students 
who want to or drops out the school. In my 
point of view, there is a reasonable explanation 
for it, which quintessence is in our personal 
biography. Besides the external influence of 
their peers, our students might find that what 
they are learning is wearisome; they might see 
it as unnecessary, they might not find any 
connection with their life outside school. 

When I had the chance to learn with 
Professora Doutora Elsa Fernandes, I was able 
to look to the teaching profession from a 
different perspective. As a trainee teacher at 
my secondary school Escola da Apel and with 
the help of my guiding teacher Professor Cátia 
Belim, I was able to test and then analyse 
pedagogic ideas and strategies. Those two 
stages in the process of becoming a 
Mathematics teacher made me envision the 
extended work of a teacher. 

When the students are not learning the 
teacher is engaging the task of teaching but not 
fulfilling it. Understanding how the students 
learn may be the first step in rectifying the 
learning process. But understanding what kind 
of teachers we have become and what make 
us be as we are, will make us improve 
ourselves and consequently the teaching 
methods we use in an open-minded 
perspective. 

Based on my personal experiences 
throughout this learning process, I have found 
in Mathematics the perfect solution to develop 
a citizen that would succeed in supporting the 
concepts of entrepreneurship. 

Mathematics is a universal language and it 
is a powerful tool to any area of knowledge 
because it provides a concise and 
unambiguous means of communication, and it 
gives means to explain and predict. Moreover, 
it develops logical thinking; it inspires curiosity 
and creativity due to its aesthetic appeal. It is 
also an art because it speaks to parts of 
students being that are untouched. 

There is a negative image upon 
Mathematics, and some of our students do not 

find its beauty and its use. The way we choose 
to develop the concepts inside (outside) the 
classroom has a remarkable input on the 
process of learning of our students. We can 
light the spark of curiosity in a student, and they 
will start learning because children are natural 
learners, and curiosity is the engine of 
achievement. 

Teaching Mathematics is a challenging and 
creative profession. Definitely, besides passing 
on received information, the role of the teacher 
is to mentor, stimulate, provoke and engage. 

When we teach only for calculating 
competence, we get demands for 
understanding. When we teach only for 
understanding, we get demands for calculating 
competence. We have to find the balance for 
both at once. It is trough both competences that 
our students are “equipped” to solve real 
problems. However, to solve real problems, 
they need to understand Mathematics and 
paradoxically to understand Mathematics they 
need to explore real problems. Furthermore, 
when our students are learning Mathematics, 
they need to play with real objects and explore 
real problems that interest them. 

In order to select and establish a connection 
with the real world we all seek for strategies, 
but we should be looking, or we should be 
listening. This question popped into my mind 
the first day I was invited to work at MADEIRA 
Multilingual School, a candidate school to the 
International Baccalaureate program. It was my 
first year teaching and I was in a brand new 
world, a new experience, an unknown 
educational system, with a broad approach: 

"The aim of all IB programmes is to develop 
internationally minded people who, recognizing 
their common humanity and shared 
guardianship of the planet, help to create a 
better and more peaceful world." [4] 

After reading the first sentence of the IB 
learner profile, I thought about how, through my 
classes, was going to develop my students to 
become people with that specific 
characteristics. 

I went to the classroom with an open-
minded spirit, and I listened. Once listening for 
about one hour, I had multiples ideas about 
how I was going to make them flourish. 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 
 

65 

Listening to our students likes and dislikes, 
their doubts throughout their learning process, 
and their perception about their future makes 
us get to know what we will find during our 
journey. If the students are in trouble, then we 
have the chance to help them, starting by 
understanding the problem and then finding 
and supporting in whatever area they need. 

Students try to find solutions to their real-life 
problems, through a feverish process of 
imagining multiple alternatives and possibilities. 
Is it not Mathematics a strength that could help 
those students in such a matter? Is it not an 
approximation to reality what we teachers 
should be looking for, to bring motivation into 
our classes? 

Understanding that teaching Mathematics 
means using a broad approach, and taking into 
account the disturbed conception about 
Mathematics, I set aims on creativity and 
motivation. To achieve those purposes, would 
mean that each of my students would be able 
to see and affirm that Maths is everywhere. 

I truly believe that learning can happen 
anywhere and everywhere. Taking the students 
outside their classroom is one of the best things 
that we can do to enlight them about 
Mathematics. This results in a holistic 
experience, where students introduce 
Mathematics concepts from a hands-on 
perspective. 

Piaget says that thinking and learning 
involve taking the environment apart, physically 
and mentally, and reconstructing it.[5] 
Mathematics, more than most of other subjects, 
comprehend an extensive hierarchy of 
concepts. By living Mathematics, students are 
deconstructing abstract concepts into a 
language that both teacher and students learn, 
which will allow them learn all the subsidiaries 
concepts until they form a particular one. 

In my opinion, programs that involve 
students outside as well as inside the school 
always benefit the entire school environment. A 
classroom should be an open space, for 
students and teachers work together. However, 
learning should not blocked by walls, it should 
happen when and where we want to learn. It 
should happen in classrooms, in schools, in our 
surroundings. Students should be the ones 
saying what, when and how they want to learn. 
The teacher should not be afraid to support 

their ideas when they are reasonable and guide 
the students throughout their journey of 
enlightenment. 

3. What happens? Maths happens! 

Through the year, I had the opportunity to 
work with four different classes and in all of 
them I have found different levels of knowledge 
and motivation. One that has taken my 
attention was MYP 3. The reason why I will 
stand out the work of this class is because 
there are students with amazing abilities, who 
are inquirers, caring and risk-takers. However, 
they had a dreadful idea about Mathematics. 

All kids have tremendous talents, and words 
have the power to change the meaning, the 
mood, and the motivation. So, as soon as I got 
to know them, and they got to know me, they 
have shown that they wanted to learn no matter 
what. Also, they were ready to engage any task 
with an open-minded spirit. 

We have worked in different activities inside 
and outside our school doors. All of them were 
named by the students, regarding their creative 
side. 

Based on the concept Maths is Everywhere, 
we started with "Maths under the Christmas 
Tree", an inside classroom and then outside 
project where they worked with MYP 4 
students. The objective was to decorate, with 
platonic solids, our Christmas tree for the Carol 
Concert at Vida Mar Auditorium, as you can 
see in Fig.1. 

 
Figure 1. MADEIRA Multilingual School 

Christmas Carol Concert Tree 
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The students had to investigate the 
properties of those solids to construct them, 
and finally decorate their final work with the 
colours of the school. With this project, they 
were able to explore many concepts within 
multiple topics of geometry and also develop 
their research, thinking and social skills. 

This idea was set in one project that I had 
developed the previous year as a trainee 
teacher, where the students had to build and 
decorate platonic solids for a Christmas 
geometry exhibition and contest. 

As a second project, we had "Maths in a 
cereal box". That was an outside activity in 
which students had to go to Supermercado 
Regional, which is next to our school. The 
objective was to go shopping for snacks and to 
find the best shape and size product to save 
money at the supermarket. 

 

Figure 2. Different size cans 

The students had to identify similar products 
in different packages, calculate the volume and 
then they had to relate the results with the 
concept of capacity. We can see in Fig. 2 one 
of the products that they have compared. After 
that they discussed prices by verifying how 
much it cost the same percentage of product 
and to be able to buy more for less. To 
conclude this task we talked about the illusion 
created by the marketing teams to sell products 
beyond their value. 

With this experience, the students had the 
opportunity to link the previous knowledge in 
geometry with algebra, and statistics. Besides, 
they have enhanced their inquirer and 
principled skills. 

Such idea was nurtured by their desire of 
going out of the school and have some snacks, 
combined with curiosity about the reason why 
there are products that have some strange 
shapes. 

The third activity was "Maths flavoured 
popcorn". The students were tired; they had a 
long day of lessons, and when I arrived at the 
classroom they asked: "Miss Sousa can we 
watch a movie, please?". I thought why not, so 
we decided that we were going to watch Step 
Up 5. While the students were preparing the 
movie, there was a comment that made me 
structure this activity. I heard: "Do not worry 
Miss Sousa, I am sure there is Maths in the 
movie". The moment the student uttered that 
sentence, I asked them to stand out the 
moment where they found Maths as they were 
watching the movie, and where they could 
apply the previous concepts. 

We had a fifty minutes period lesson, and 
we had watched nearly thirty minutes of the 
movie. So the question was what can we do 
with that movie and still keep up with our 
Mathematics lesson? After a quick thinking and 
conversation, we came to the idea that we 
could create a line graph to represent the 
increase of fondness for the dance moments 
that occured during the time of the movie.  

Relationships are the connections between 
quantities, properties or concepts that can be 
expressed as models, rules or statements. So, 
in the next lesson, the students restarted 
watching the movie. They had to select all the 
intervals of time where there were dancing 
beside their favorite Maths moments. 

Until the end of the movie, the students had 
to identify and justify the variables and units 
and to achieve that they had to convert all the 
times into minutes and then plot on the axes. 
To conclude, they had to draw the graph, as 
you can see in Fig.3, while they were stating 
and explaining the aspect of the graph in the 
context of the movie. 

With that project, the students were able to 
work with geometry, algebra, and numbers 
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while they were enjoying a movie and 
socializing. 

The final and most pleasant project was "I 
bet on the Maths rider". This activity 
emphasised the idea of Mathematics as a 
result of the personal interests of the students 
and their abilities in embracing their uniqueness 
and profile. 

One particular student in MYP 3 class, had 
been struggling to understand Maths concepts, 
however, due to all those different Mathematics 
experiences the student became more 
motivated and interested. 

 

Figure 3. Step Up 5 fondness line graph 

During a Mathematics lesson, while we were 
finishing the movie project, the student asked 
me if there was any connection between Maths 
and horses. She said that probably there was a 
connection, but if so, she was not able to 
identify it and that she was interested in 
exploring that relationship. Grabbing that idea, I 
asked her to prepare an acitivity for all the 
class. 

Since that moment she became a teacher. 
To create an activity, she had to do research on 
the topic she would introduce her colleagues 
through horses. She had to set a statement of 
inquiry, questions that would give direction to 
teaching and learning, that would help her to 
organize and sequence the learning 
experiences. 

Turning that activity into something useful to 
her own life, helped her come out with 
questions, such as: "How can I improve my 
horse paces? How can I measure the speed I 
go on the horse?". Looking at a topic as a 
logical process instead of a series of 
relationships or as a structure changes has 
enhanced her learning process. 

The relationship between time and distance 
enables the students to graph data and model it 
with a linear function. In a real-life context, such 
relationship expresses the speed. Based on 
this concept, we have prepared and planned all 
the activity. 

We went oustide the school, to Palheiro 
Gardens - Horse field, where we had the first 
contact with the horses and we spent some 
time walking around the place. 

During that time, the student wanted to 
make us understand her motivation to plan this 
activity. She taught us about horsemanship. 
We learned that horses are complex, sensitive 
animals, with an amazing ability to build 
relationships with people. Also, when trained, 
they willingly allow people to ride them, but they 
also need a lot of care. 

After that moment, we started to perform the 
activity that we had divided into five main tasks. 

In the first part of the activity, the students 
had to build a specific horse track for the 
experience. They had to consider the field, the 
size, and the stride of the horse and also, 
estimate the length of track needed for the 
experience. They used flowers to split the track 
in intervals of three meters long as you can see 
in Fig. 4. 

 

Figure 4. MYP3 Students building the horse 
track 

In the second part of the task, the students 
would be analyzing three of the four horse 
paces - walk, trot, and canter and fulfill a table 
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of values. Taking into account that the horse is 
not a machine, first they had to understand how 
the horse moves at each one of the horse 
paces. 

They learned that walk was the slowest 
pace, and it has a four-time beat; the trot or jog 
was the rhythmic, swinging pace that has a 
two-time beat. Also, that the canter or lop was 
the lively, bounding pace that has a three-time 
beat, followed by a slight pause or "moment of 
suspension" when all four legs are in the air. 

Afterward, they started stating the values of 
time and the distance while the most 
experienced horse rider, which was the driving 
student, was riding her horse. 

In the third task, the students had to discuss, 
as a group, the results that they had observed. 
After that they used the cartesian plane to plot 
the relationship between the variables for each 
of the horse paces. The result was a linear 
graph that expressed the linear relationship 
between both variables. In the real-life context, 
the students interpreted as the rider was riding 
at all of the horses paces in a constant speed. 

Succeeding a quick reflection the students 
thought about how they could calculate the 
speed and they came to the formula 1. 

Speed(m/s)=distance (m) * time (s)-1         (1)  

They applied that formula, and they found 
the speed of each horse pace. Then they 
compared the results of the speed calculations 
with their plotting in the context of the 
experience. They observed what happens with 
graph when the horse goes faster or slower. 

In the next assignment, the students had to 
repeat part of the second task, considering a 
few changes: they reanalyzed the horse pace - 
trot experience. The challenge was to observe 
what was going to happen to the graph and the 
speed if the horse started trotting after three 
seconds and also if it started three meters 
ahead. 

At the end of that assignment, we discussed 
the results, and then we related it with the 
contents on the worksheet, Fig.5. The students 
were able to understand the concepts gradient 
and equation of a line easily. 

As a final task, the students had to imagine 
and then prove what would be the expected 

results if they increased or decreased the 
variables, but preserving the same speed of the 
horse pace. 

They had to find, how far the horse would go 
if it were trotting for one minute, and also for 
how long it would take to ride for another one 
hundred metres. 

As a group, the students were looking for a 
strategy to solve the problems in question. One 
of the possibilities was to repeat the experience 
with the horse and check the results again. 
However, they quickly understood that was 
going to take extra time to repeat over and over 
again the same procedure. Instead, to prove 
the predicted results, the students decided to 
describe the problem into an equation and 
substitute the data to reach the solution. They 
understood the benefits of applying 
mathematical strategies and the generalized 
forms. 

 

Figure 5. MYP3 Students and teacher analysing 
the work sheet 

By the end of the day, the driving student of 
this project was able to answer to the inquiry 
questions, and also to able to understand how 
useful and exciting Mathematics can be. She 
said: "Now I know how to improve my horse 
riding. Maths is everywhere! Maths happens!" 

If the conditions are right, Maths is 
inevitable, it happens all the time. Teachers are 
leaders, howbeit we should not just command 
and control. If we give our students a different 
sense of possibility, a different set of 
expectations, a broad range opportunities they 
will flourish. 
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Figure 6. My teachers, MYP3 Students 

Instead of memorizing "tricks" as substitutes 
for conceptual understanding, they will develop 
the ability to analyse problems and engage 
strategies without the fear of failure. 

Teachers face the dilemma of "getting 
children through the syllabus". However, I have 
been learning through my experiences, that if 
we do not treat our teaching like an 
unbreakable time schedule, our students will 
understand the concepts and generate the 
contents. 

Furthermore, they have to feel that we are 
not rushing them through fulfilling the demands 
of a system. They have to feel that we will not 
let them apart if they do not reach the concepts, 
and that we will exhaust all possibilities to make 
them achieve the knowledge if they want to. 

The relation that we create with our students 
must be real because they will understand if we 
are teaching or if we are performing. We cannot 
forget that we were students that have become 
the teachers, and we do not know if they will 
choose teaching as a profession. We do know 
they will be part of a globalized community, and 
they teach directly and indirectly with their 
voices and through their actions the next 
generation. 

I believe that is why I am presenting this 
paper, because I had the opportunity to work 
with a class, Fig.6, that taught me not only 
Mathematics, but especially how to be their 
teacher. They made me believe even more that 
the students become the teachers of the 
present, and also of the future. 
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Abstract. In this paper we report a small part 
of a broader study that is being carried out 
under the first author PhD, whose goal is to 
understand how the use of technologies, 
specially robots, helps students to develop 
statistical literacy, reasoning and thinking and 
their ability to problem-solving, producing 
meaning and enhancing learning. We assume 
as phenomenon under study - learning (of 
statistics and citizenship). In this paper we will 
analyse how learning of statistics and 
citizenship occurred throughout the search of 
the winner of a robot race. 

Keywords. Educate for Citizenship, Learning 
Statistics, Robots, Statistical Literacy, 
Statistical Reasoning, Statistical Thinking. 

1. Introduction 

We are in the information age and the 
access by citizens, to social, political and 
economic issues is done increasingly early. 

Daily we are faced with information and 
statistical analysis in magazines, newspapers 
and other media. Often this information is 
presented in a disguised form and the analysis 
of statistical data is not presented in a 
transparent and impartial manner. 

It is important for all citizens to relate and 
critically analyse the statistical data they face 
every day. It is crucial that all citizens be able to 
react, in a critical, thoughtful and assertive way, 
to the information with which they have to deal. 
However, “(…) many research studies indicate 
that adults in mainstream society cannot think 
statistically about important issues that affect 
their lives” ([1], p.3). They are not able to 
understand and analyse the information in 
order to make decision in an informed 
thoughtful and argued manner. 

Schools should provide tools that help 
citizens to react intelligently to information in 
the world around them. 

In this paper we will discuss and analyse 
how learning occurred, in this mathematical 
practice, in which students search the winner of 
the robot race they made. 

2. Learning Statistics 

Statistic is envisaged, both in Portugal and 
internationally [2], as a tool for the organization, 
representation and processing of data relating 
to real situations, which empower students with 
the ability to appraise in an informed and critical 
way their uses in various fields, particularly in 
the media. Thus, its study should provide tools 
to cultivate informed citizens, able to analyse 
and react in a critical, thoughtful and assertive 
way to the quantitative information in the world 
around them. 

Several researches in statistics education 
field, argue that when planning the teaching of 
this subject it is necessary to create situations 
that enable the development of statistical 
literacy, reasoning and thinking. However, it is 
apparent that when statistics educators or 
researchers talk about or assess statistical 
literacy, reasoning or thinking, they may all be 
using different definitions and understandings. 

In this paper, we conceptualize statistical 
literacy, reasoning and thinking as the three 
components of statistics’ competence and we 
discuss those components based in authors of 
reference such as Ben-Zvi and Garfield [1], Gal 
[3], Garfield [4], Mallows [5], Watson [6], 
Wodewotzki and Jacobini [7]. 

2.1. Statistical Literacy 

The expression ‘statistical literacy’ is usually 
used to describe the individual´s ability to 
understand statistical data. Therefore, to have 
statistical literacy is central to a citizen to be 
able to understand the content published in a 
newspaper, on television and in the Internet, 
and to be active and critical in our society. 

The term ‘statistical literacy’ is described by 
many researchers by different ways. 

Garfiled [4] describes statistical literacy as 
the ability to understand statistical information, 
this is, to correctly use statistical vocabulary, 
symbols and concepts, being able to interpret 
graphs and tables and to understand statistical 
information displayed by the social media. 
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Similarly, Gal [3] and Watson [6] define 
statistical literacy as the ability to discuss 
opinions, to interpret and critically evaluate 
statistical information and the arguments based 
on data that appears in multiple contexts, for 
example, in the social media, in professional or 
personal life, and to ability to communicate 
them and make informed decisions. This 
definition is broader than the one presented by 
Garfield [4], since that are considered various 
contexts where information can be displayed 
and includes, beyond the comprehension of 
information, its interpretation and critical 
evaluation, communication of results and 
decision-making. 

To develop students’ statistical literacy, we 
think that they need to learn how to use 
statistics to evidence, to argue and to justify 
situations that emerge in their everyday life, as 
students or as active and participatory citizens 
in society. 

2.2. Statistical Thinking 

Such as in statistical literacy, there’s not a 
consensus about the definition of statistical 
thinking. 

Wodewotzki and Jacobini [7] state that 
statistical thinking may be assumed as a 
strategy to act. Accordingly, they consider 
statistical thinking as an analytic thinking. 

With a broader definition, Mallows [5] 
presents statistical thinking as the ability to 
relate quantitative data with concrete situations 
and the ability to explain what the data express 
about the problem in focus. 

Statistical thinking occurs when the 
individual is able to identify the problem under 
study and make an appropriate choice of 
statistical tools that are necessary for the 
description and interpretation of data. Thus, we 
can understand statistical thinking as the ability 
that an individual has to make decisions in 
each one of the stages of an investigative 
cycle. (Four-step cycle: (1.) Formulation of 
questions and design of the plan; (2.) Data 
collection; (3.) Representation and data 
analysis; (4.) Interpretation of data and 
formulation of conclusions [8], [9]). 

Following these ideas, we consider that, to 
develop statistical thinking, students have to 
solve statistical problems that involve the 

investigative cycle, instead of only solving 
statistical exercises. To do this, we must offer 
them situations that allow them to work their 
creativity and their critical sense and that 
promote reflection and debate. 

2.3. Statistical Reasoning 

Statistical reasoning may be defined as the 
way people reason with statistical ideas or 
statistical concepts and give meaning to 
statistical information [1]. 

Statistical reasoning allows individuals to 
combine ideas about statistical data and to 
make inferences and interpretations about 
statistical results. Thus, the development of 
statistical reasoning enables a student to 
understand, interpret and explain a statistical 
process based on real data. 

According to Silva [10], for a student to 
develop this kind of reasoning, he should live 
learning situations where he has to compare 
concepts and evaluate the most appropriate 
way to analyse a variable or a set of variables. 
The author argues that the central tendency 
and dispersion measures are sufficient to 
develop students' statistical reasoning. 

Garfield [4] states that if students learn the 
concepts and procedures and if they have the 
opportunity to work with real data, using 
statistical software, they will be developing their 
statistical reasoning. 

Surely it will be possible to help students to 
develop their statistical reasoning if, in their 
daily school practice, the teacher proposes 
statistical investigations and encourage 
students to verbally describe the statistical 
process that they are examining. 

3. Learning Citizenship 

Celi Lopes [11] defines citizenship as the 
ability of an individual, in his social group, to act 
in a reflective, thoughtful and critical way. 

Juliana Schneider and Rosemari Andreis 
[12] report that to exercise citizenship, 
especially in a society geared to knowledge 
and communication it is essential that students 
know how to communicate ideas, perform 
procedures, construct and interpret tables and 
graphs, estimate and make logical inferences 
and analyse data and information. 
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D'Ambrósio [13] refers that Education for 
citizenship, which is one of today's education 
goals, requires a "consideration" of modern 
knowledge, steeped in science and technology. 

According to the way we conceptualize 
statistics learning in this paper (based on the 
development of statistical competence) to talk 
about statistics learning it is synonymous of 
talking about learning citizenship. So, the study 
of statistics will provide tools for the exercise of 
citizenship. 

Environments that allow students the 
construction of concepts and the development 
of skills will help them in the exercise of their 
citizenship and thus broaden their chances of 
success in professional and personal life. 

Teachers and students should be involved in 
the design and implementation of learning 
scenarios [14] in which students participate 
actively in their learning process. In this sense 
we created and implemented the learning 
scenario: Robot Race [15]. 

4. Research Methodology 

The nature of this research is qualitative with 
an interpretative character due the nature of 
research problem [16]. 

The participant observation was a central 
strategy in data collection, enabling a close and 
personal contact with students. 

The learning scenario - Robot Race - was 
implemented in a 8th grade class of a Middle 
school in Madeira Island, where 14 students 
(ages between 12 and 15 years old) worked 
together with robots, following a project 
methodology [17]. 

During nine sessions, 90 minutes each, 
math teacher and the researcher participant in 
data collection, worked together implementing 
the learning scenario. It was the researcher that 
guided the discussions. 

We recorded all sessions with two video 
cameras and the emphasis was in students’ 
interactions. 

5. The Learning Scenario: Robot Race 

With this learning scenario students had 
their first experience with LEGO 
MINDSTORMS NXT’s robots and with its 

programming environment. 

To work with NXT robots, students received 
assembling kits and had the opportunity to build 
in group, a car out of Lego bricks, following 
instructions. The place for the light sensor was 
specifically indicated but all remaining robot 
design was done according with students’ 
options. 

Students programmed and carried out 
between robots in three different moments: i) 
they programmed the robot to run around four 
tables arranged in pairs (forming a rectangle); 
ii) they held races in a straight line from side to 
side of the classroom. Robot should stop when 
it detect a wall (ultrasonic sensor); iii) they had 
programmed, taking into account that, the robot 
would have to: start the race upon the starting 
signal (sound sensor), to follow a black line 
(light sensor) and to stop 15cm before the end 
of the line (ultrasonic sensor). 

Each working group has created a prototype 
of a race route, with provided parts, so that two 
robots can race simultaneously. Each two 
robots need to have the same chance to win. 

In the large group, students chose the race 
route to be used and then they have built it with 
real dimensions. They decided that, for all 
robots run under the same conditions, each 
one would have to run twice, against each 
opponent, once in each line of the race route. 

The races were held, and from this moment 
onwards students could improve their 
programming to have a better chance to win. 

Each working group collected data and 
worked it in order to choose the winner robot. 

 

Figure 1. Robots' construction using Lego bricks 

With the collected data from the races, each 
group made a statistical study where 
conclusions were provided and generalizations 
were established. Statistical contents emerged 
from the participation of students in that 
practice. 
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6. Learning with the Robot Race 

6.1. Robots Construction and Pro-
gramming 

Students built their own robots and they 
were free to put on them all the accessories 
they wanted. This was very important because 
has contributed for students to learn the parts 
that make up LEGO kits and the morphology of 
the robot. Moreover, it allowed students to work 
independently, to discuss among themselves 
what they were doing and help each other. 

Considering that each robot had a specific 
morphology, the programming was not the 
same for all working groups. It was necessary 
to adjust the programming to the morphological 
characteristics of each robot. 

Students felt the need to make 
measurements when it was suggested them to 
"program the robot to stop when the robot is 
about a 15cm distance from the wall". 

The place where students put the ultrasonic 
sensor on the robot, affected its programming. 
In order to achieve an effective programming to 
the requested task, the students measured the 
distance between the end of the ultrasonic 
sensor and the front of their robot. 

The programming and its testing was a 
dynamic process and it was part of students’ 
practice. In this process of modifying their 
programming, students developed the 
communication and the ability to build 
strategies, since they had to justify and 
negotiate with the peers in the group, the 
programming they were doing. 

 

Figure 2. The built robots (cars) 

When students created, negotiated and 
justified their procedures, they developed their 
ability to argue and to reason. By programming, 
and trying to explain their own program, 
students have established and justified logical 
connections between the programming they 
have done and the robot performance. This 
process was important and fundamental for the 

development of an increasingly efficient and 
effective programming. 

 

Figure 3. Two robots with the ultrasonic sensor on 
different locations 

The challenges posed to the students 
awakened competition (students from each 
group competed to program their robots more 
quickly and effectively than others) and interest 
on programming. Besides, it was important to 
the process of involving students in the 
practice. 

The different working groups defined their 
goals and negotiated meanings in order to 
successfully address the posed challenges. In 
the process, they discussed, experimented, 
negotiated and changed their programming.  

In each formulated and negotiated attempt 
to solve a problem, students have become 
agents of their own knowledge and built their 
own learning process. 

6.2. Construction, Presentation and 
Choice of a Race Route 

To the construction of the prototype of a 
race route it was provided to each working 
group 24 small parts: 12 straight parts and 12 
curved parts. Students were informed that they 
had to construct a race route that it was fair for 
two robots race simultaneously. The following 
conditions were placed: (i) the race route had to 
fit in the classroom; (ii) each part of the 
prototype was 15 times smaller than the real 
one; and (iii) it was not necessary to use all the 
small parts given in the prototype’s 
construction. 

 

Figure 4. Prototype's construction of a race 
route 
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It was clear to us that it was part of the 
shared knowledge of this class that "to be a fair 
race route the length of the two lanes had to be 
equal”, but not all students knew the conditions 
for that happen. Together students built the 
concept of 'fair race route' and also the 
prototypes in the established conditions. To do 
that, students appealed, such as in other 
moments, to examples of non-school practices. 

The fact that students shared their individual 
perspectives on the issue, contributed to the 
knowledge of all students about what is a 'fair 
race route'. This aspect has become part of a 
shared knowledge of these students and 
enabled the creation of a race route with the 
established conditions. 

All working groups explained why their 
prototype was a fair race route, but none has 
mentioned if the constructed race route fit in the 
classroom. Only when students were asked if 
the race route fit in the classroom, they felt the 
need to make measurements. 

 

Figure 5. Changing the prototypes of a race route 
to "fit" in the classroom 

After a few advances and retreats, all 
working groups created a fair prototype, 
possible to be built in the classroom. To do 
that, they had to be able to look critically at their 
objects (prototype and classroom) and interpret 
them appropriately. 

Each working group presented its prototype 
to the class. The class decided voting as a way 
to choose the race route to be used - here 
students made their first statistical study and 
explored some statistical concepts. 

When it was over the counting vote (5 votes 
to prototype 1, 8 votes to prototype 2 and 1 
vote to prototype 3) a student said “We already 
have our problem solved. The mode is the 
prototype 2, because of that, this prototype 
won”. 

After that another student added: “Yes, the 
prototype 2 is the one that has more votes, we 

say that it is the mode. There are no draws. It 
has mode, that it is the prototype 2”. 

 
Figure 6. The prototypes of a race route built by 

students 

The teacher asked what was the variable 
under study. The students answered that were 
the prototypes and added that the variable was 
qualitative. 

These statements showed that students had 
statistical literacy, once they were able to 
interpret and critically evaluate the situation and 
make a decision about the information gathered 
in the voting process. Besides, they were 
capable of reason about data [18] because they 
recognized the statistic variable, its nature and 
categories, and used a suitable measure, in 
this case the mode. 

The dialogue between teacher, researcher 
and students followed in order to discuss and 
differentiate concepts such as: population and 
sample, census and survey and to clarify that, 
in that study, data collection was done by vote. 
This dialogue has emerged because both 
teacher and researcher had the intention on 
address those concepts, in order to expand 
students’ statistical literacy. It was also 
discussed the importance of choosing a 
representative sample of the population and 
about necessary cautions to have on sampling. 

6.3. The Races 

After some attempts, students programmed 
their robots in order to correctly make the 
races. Students followed the proposed 
conditions, namely, the robot would have to: 
start the race upon the starting signal (sound 
sensor), follow a black line (light sensor) and to 
stop 15cm before the end of the line (ultrasonic 
sensor). 
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The assembly of the racing route and the 
time that students made the races, can be 
characterized as moments of mutual help 
among students from different working groups. 
Those moments also provided the union of all 
class.Students shared tasks and each group 
collected the data that they considered 
important to define the winner robot and to 
robots’ classification. The work was distributed 
among students on a very natural, orderly and 
effectively manner. 

 

Figure 7. Programming for the races 

In the course of learning scenario’s 
implementation there was a greater autonomy 
and better management on task sharing by 
students. They started, progressively and 
naturally, making decisions without first 
questioning teacher or researcher. 

The realization of racings with robots gave 
students the opportunity to produce their own 
data and find the desired results and helped 
them to take charge of their own learning. 

 

Figure 8. The assembly of the racing route and 
the robot races 

After twelve racings, the data collection 
phase was terminated. 

6.4. The Winner Definition 

In this phase, students had to analyse the 
data collected during races and convert them 
into relevant information to answer the 
questions asked. Students had to establish 
criteria to select a winner robot for the races. 

Each working group chose a representation 
and (or) a statistical measure that they 

considered suitable to analyse data. In this 
process they took into account the nature of the 
variable under study and the previously 
purposed. 

Students used the Excel spreadsheet to 
organize the collected data. They analysed 
those data and found arguments to choose a 
winner robot for the races. In addition, students 
have set criteria for the classification for all 
robots. 

Most of the students had never used the 
Excel spreadsheet and did not know its 
potential. By experimenting and sharing 
information, students were able to use Excel 
formulas to perform calculations (sums, 
means). They also built graphs to organize 
information. This tool proved to be important 
both to analyse the data and for the data 
representation through graphs and tables. 

By establishing the criteria for a robot to be 
a winner, students presented and discussed 
their perspectives on the situation. This led the 
emergence of varied and original strategies. 
They were able to interpret and critically 
evaluate the collected information during the 
races, use and establish statistical relationships 
in order to define the winner, using analytical 
methods, exploring the data in order to 
extrapolate issues beyond teacher and 
researcher’s expectations. 

The arguments and strategies explained by 
students were based on mean, minimum and 
maximum of data set. In all cases, students had 
to explain the meaning of the statistical 
contents they were using on this situation. 

Students showed evidence that they 
developed their statistical thinking [19], 
because they were able to identify the 
statistical concepts and they proved to have 
ability in dealing with them in the context of the 
situation under analysis. 

Some concepts used by the students were 
availed by the teacher and the researcher to 
bring out other statistical concepts (such as 
extremes and amplitude of the sample) and, 
therefore, continue to promote the development 
of statistical literacy. 

All students were capable of interpret and 
critically evaluate the collected information, to 
use and establish statistical relations to define 
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the winner robot, using methods of analysis, 
exploring the data in order to formulate 
conclusions. They were also able to explain the 
process created by their group to set the winner 
robot, showing that they have extended their 
reasoning and statistical literacy. 

Students developed their statistical 
reasoning [20], because they were capable of 
understand, interpret and explain the statistical 
methods based on data collected during the 
races. 

Despite the apparent justice of all criteria 
established by the working groups, we cannot 
overlook the fact that, in most cases, students 
defined a valid argument to make their robot be 
the winner. This reveals that students reflected 
about the data and they were capable of 
choose which was the best central measure, to 
define the winner robot. Thus, we consider that 
students developed their reasoning about 
statistical measures [18]. 

During the discussion about the criteria to 
establish the winner robot, students presented 
and argued their perspective on the situation 
and defended their opinions, revealing that they 
have acquired and developed statistical literacy 
[3], [6]. 

In all class, students had to relate the data 
with the situation under study and explain what 
those data expressed about the problem in 
focus. Therefore, they used and developed 
their statistical thinking [5]. 

7. Conclusions 

Paulo Freire [21] argues that “ (..) when a 
men understand its reality, can arise 
hypotheses about the challenge of this reality 
and find solutions” (p. 30). 

To provide a relevant context – Robot Race 
– combined with the sense of challenge and 
competition that emerged, has contributed to 
develop a seeking of solutions by the students. 

Robots assembling, their programming and 
making the robot races, were important 
moments in this classroom practice, in which 
students worked cooperatively. In those 
moments, students proved to be motivated to 
learn and happy with the work they were 
carrying out. They never gave up. 

To work with robots allowed the emergence 

of students’ statistical literacy [3], [4], [6] once 
they had opportunity to: i) organize data that 
were part of their reality; ii) interpret and 
critically evaluate statistical information; iii) 
argue relatively to data collected; iv) elaborate 
strategies and justify procedures; v) discuss or 
communicate their conclusions; vi) take 
informed decisions. By doing this, students 
developed their ability to act in a more 
responsible, reflective, thoughtful and critical 
manner, that is, to learn citizenship [11], [12]. 

Statistical thinking is related to the ability to 
identify the statistical concepts involved in the 
investigations and problems and the ability to 
deal with them, considering the nature of data 
variability. A way that we found to encourage 
students’ statistical thinking, was not accepting 
any numerical result without being explained 
and related to the context, that is, with the 
situation being studied. Students have collected 
the data and, thus, they have recognized the 
context in which they were collected and the 
purpose of its use. They were able to reason 
with ideas and statistical concepts, giving 
meaning to statistical information. 

The students were able to relate the data 
and explain what they expressed, using 
statistical tools. They used methods of analysis 
and assessment, exploring the data, thereby 
demonstrating they have developed statistical 
thinking [5]. 

With the data collected, in the races, 
students used statistical relationships to define 
the winner robot, using methods of analysis 
and estimation, exploring the data in order to 
extrapolate questions beyond teacher 
expectations. By doing this students have 
developed statistical reasoning [1] because 
they were able to understand, interpret, and 
explain statistical methods based on real data 
(races data). 

We believe that, with this work with robots, 
students have become more able to solve 
problems, to understand, to interpret, to 
analyse, to relate, to compare and synthesize 
data, therefore, they developed statistical 
competence and citizenship. 
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Abstract. This study is done in a natural park 
(Southwest Alentejo and Vicentina 
Coast Natural Park - PNSACV) a marine area 
with an extension of two km offshore all along 
its coastline (Marine Protected Area - MPA). 

The “recreational fishing” it is part of the 
tradition of the people living in these near 
municipalities, having inherited a taste for rock 
fishing and shell fishing of their ancestors. 

They are deprived of a moment's notice 
based on a law without being heard, without 
anyone to defend the tradition inculcated in 
each. In this park, since  2006, with the first 
law (868/2006) several  fishing management  
measures  have been implemented like, 
limitations and prohibitions without studies and 
licenses based on dissuasive law. 

In practice, the process was reversed. What 
should be awareness and public participation 
became a force against the will of the people. 

The another law (Portaria 143/2009) for de 
PNSACV area it`s even more restrictive, 
separating the principle of equality between 
nationals and resident people in PNSACV, 
compared to the law (Portaria 144/2009) for the 
entire national territory. 

These restrictions were not accepted by the 
population who express their discontent in 
Sagres, Odemira, Vila Nova de Milfontes and 
the Assembly of the Republic in Lisbon. A 
working group was created and a law was 
changed revoked. 

Currently, the most relevant restrictive 
measures are the “false” temporal limitation to 
catch white seabream, because it`s only 
effective for rock angler; established minimum 
sizes and weight maximums for marine 
organisms like, crustaceans, bivalves, 
gastropods, mollusks and fish; angler fishing 
licenses are required. 

Populations and commissions where heard 
and the scientific community begin working with 
the anglers in some studies. All should have 
been started here. 

Keywords. Marine protect area, recreational 
fishing, angler, marine organisms, restrictive 
measures, rock fishing, 
Southwest Alentejo and Vicentina 
Coast Natural Park, top-bottom approach. 

1. Introduction 

1.1. Approaches to MPAs 

Marine protected area – “any area of land 
between tides (tidal) or subtidal, in conjunction 
with the water it overlying and the fauna, the 
flora, and the characteristics and historical 
cultural associated with it, which has been 
reserved by law to protect all or part of the 
environment included" in IUCN, 17th General 
Assembly (1988) [1]. Marine Protect Areas 
(MPAs) are tools for ecosystem based fisheries 
management [2]. 

The ways to implement and govern MPAs 
have different approaches [3]: 

 Top-bottom 

 Bottom-up 

 Marked-based 

Top-bottom approach consist in states taken 
decisions and implement it through laws and 
regulations. The decisions are taken by expert 
advice and politics. 

Bottom-up approach involve all the different 
players of community. The decisions are 
incorporate several opinions and points of 
views. There were examples of this approach, 
with success, in Portugal [4] and in Chile [5]. 

Marked-based approach is though markets 
using economic and properties rights. 

As statement Gaymer et al. (2014) between 
bottom-up and top-down approaches, diverse 
variations or combinations of participation and 
governance exist [6]. 

1.2. Study area 

This study is done in a natural park -
Southwest Alentejo and Vicentina 
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Coast Natural Park (PNSACV) located in 
Southwest of Portugal (Fig. 1). It covers a land 
area of 60 567 ha and a maritime zone with 28 
858 ha.  

The PNSACV has a marine area with an 
extension of two km offshore all along its 
coastline (Marine Protected Area - MPA). 

The coast is composed of oceanic sandy 
beaches, extensive rocky shores, small 
estuaries and coastal bays. The PNSACV has 
an extension of 130 km including in the 
municipalities of Sines, Odemira, Aljezur and 
Vila do Bispo. 

 

Figure 1. Southwest Alentejo and Vicentina 
Coast Natural Park – PNSACV (green area), in 

Portugal 

There are two types of protection schemes: 
the total protection (areas of total protection 
Article 63. º RCM no. º 11-B/ 2011) and the 
partial protection I (areas of partial protection I 
Article 65. º RCM no. º 11-B/ 2011). 

The areas of total protection correspond to 
spaces where predominate systems and 
natural values of recognized value and interest, 
with a high degree of naturalness, which are, 
on the whole, a unique and exceptional 

character, as well as high ecological sensitivity, 
corresponding to important areas of marine 
production, besides being places of refuge and 
motherhood for many species. 

These areas comprise the reefs and rocky 
outcrops and a surrounding marine area with a 
width of 100 m, counted from the minimum 
level of the low tide of equinoctial waters. 

 

 

 

 
Figure 2. Arrangements for Marine protection 

(POPMSACV/ICNB). In yellow areas of total 
protection and in purple areas of partial 

protection. From: 
http://www.icnf.pt/portal/ap/resource/ap/pnsacv/

pnsacv-maritim-interdit-pesca 

The reefs and rocky outcrops are Pedra do 
Burrinho, Pedra da Atalaia, the adjacent rocks 
to the Ilha do Pessegueiro, Pedra da Enseada 
do Santoleiro, Pedra da Baía da Nau, Pedra da 
Carraça, Pedra da Agulha, Pedra das Gaivotas 
and Pedra do Gigante (Fig. 2). 

The priority goals of these areas is create a 
reserve of marine biodiversity and refuge for 
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some species; ensure the maintenance of 
values and natural processes tend undisturbed 
state; preserve ecologically representative 
examples in a dynamic and evolutional form. 

 

Figure 3. 22 February 2009 manifestation was 
organized in Sagres 

1.3. Recreational Angler 

The populations of sea areas always had as 
a tradition the following activities: fishing, sea 
food picking and bivalve molluscs harvesting. 
These activities are mainly practiced for 
subsistence or socialization. In the regions of 
Alentejo and Vicentina Coast, where the 
population is older and has a lower salary, the 
fishing ends up being an indispensable 
supplement to the family income. 

Harvest by recreational fisheries has been 
estimated at about 12% of take worldwide for 
all fish (Cooke & Cowx 2004 in [7]) 

Veiga et al. (2010) in a study done between 
August 2006 and July 2007 estimated value of 
147 t of fishes were harvested with an overall 
catch per unit effort (CPUE) of 0.21 kg.h−1 per 
angler in PNSACV [8]. 

2. Legislation 

In Portaria 868/2006, of 29 August, was 
implemented the follow measures: 

 It was only allowed capture with hands, feet 
and with helped of an animal, so is not 
permitted to collect seafood with any 
instruments; 

 It is not allowed to use bait;  

 Maximum weight of 10 kg of fish/day;  

 Maximum weight of 0,5 kg of barnacles;  

 Night fishing was not allowed. 

This also establish the closed period of 
barnacles (Pollicipes pollicipes), in winter which 
is strange because the barnacle reproduces 
during spring. Another thing that is amazing is 
the permission of captures barnacles with the 
help of an animal, something never done and 
completely senseless. 

In Portaria 143/2009 law, is even more 
restrict in some points: 

 The days for recreational fishing were 
reduced (Thursday - Sunday and Holidays);  

 New interdiction zones were created;  

 The maximum total weight of fish/day was 
reduce; 

 It was created a closed period for Diplodus 
sargus (white seabream) and Diplodus 
vulgaris (commom two-banded seabream) 
from 1st January to 31st March and Labrus 
bergylta (ballan wrasse), 1st March to 31st 
May;  

 The collect of barnacles until 1 kg, was 
allowed only to recreational angler license 
holders who are natural or residents of the 
municipalities PNSACV;  

 Night fishing was allowed only with life 
jacket use in PNSACV. 

3. Public contestation 

With the release of Portaria 143/2009 from 
the 5th of February, that defines the specific 
constraints in the recreational fishing activity at 
the SW Alentejo Natural Park and Vicentina 
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coast (PNSACV), the public contestation 
started. This discontent was widespread, and in 
the area of the Algarve emerged a movement 
of fishermen who joined in the protest and their 
spokesman Antonio Neves has organised the 
1st demonstration of the history of leisure 
fishing 22 February 2009, in Sagres (Fig. 3). 

At that time the new restriction measures for 
leisure fishing were already in force at the 
Natural Park from Sudoeste Alentejano and 
Costa Vicentina (PNSACV).  

This event was attended by around 3,000 
fishermen, coming from all the points of the 
Algarve and Alentejo, next to the Sagres 
Fortress. They demonstrated against the 
decline in the number of fishing days, new 
zones of inhibition, reduction of the maximum 
weight of fish and the creation of a closed 
season for white seabream, common two-
banded seabream and Ballan wrasse. 

After an idle car, between Lagos and 
Sagres, organised by a civic movement that 
“sea of people” met in the village, to protest 
against the Portaria 143/2009, published in the 
daily of the republic on the 5th February. 

"I am against all restrictions", stated Joseph 
Gregory, one of the fishermen that goes up to 
the Vicentina coast to "entertain a little". 

The opinion was general, because nobody 
understood the reason why they banned 
"fishing, between Monday and Wednesday, 
and during the night, and have created many 
zones of inhibition", added the practitioner, 
pointing to the various posters that showed the 
indignation of the demonstrators. 

Private Sea? No, thanks! This was the 
slogan created by David Rosa another 
spokesman of the Commissions of Fishermen 
and Population of the Alentejo and Vicentina 
Coast that fought until the date for which the 
changes were made, in the fight of the 
fishermen and seafood catchers against 
Government guidelines which put into question 
the leisure fishing law. The symbol of this 
campaign can be seen in Fig. 4. 

Another movement was created in the 
Alentejo coast, consisting of three dozens of 
committees of leisure fishermen from Sudoeste 
Alentejano and Vicentina coast to represent the 
interests of the fishermen of coastal strip from 

Sines to Sagres. 

 

Figure 4. Symbol of the campaign Private Sea? 
No, thanks! 

Were It not for the social consequences, one 
could laugh, according to Carlos Carvalho, 
spokesman of the Commissions of Fishermen 
and Population of the Alentejo and Vicentina 
Coast, "nobody moves toward the coast to 
catch half a kilo of dished, still on top, without 
tools manufactured for this purpose, but only 
with the hands or the feet". “The fines imposed 
on seafood catchers, since almost two years 
ago, by nabbing seafood with utensils already 
amounted to 25 thousand euros.” In addition, 
"the areas of harvesting are difficult to access," 
he stresses. 

But the contestation also arrives to shellfish 
picking, which is an old fight. With the new 
measures, the people that live outside of the 
Natural Park cannot catch any kind of specie. It 
is argued that this restriction violates the 
principle of equality of the Portuguese 
Constitution. 

What is certain is that the measures would 
damage the economy of the three 
municipalities integrated in the Natural Park 
(Aljezur, Vila do Bispo and Odemira), because 
it is the leisure fishing that maintains the small 
trade in months of low season tourism. 

On the 27th February 2009, it took place the 
public deed of the National Association of 
Recreational and Sport Anglers (ANPLED), 
which was founded to defend the recreational 
angler’s legitimate rights (Fig. 5). 
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Figure 5. National Association of Recreational 

and Sport Anglers logo- ANPLED 

Contacts and meetings with the Secretary of 
the Environment Ministry were made, with the 
objective to review the recreational fishing 
regulation in the PNSACV area. In its follow-up, 
ANPLED, wrote and sent a modification 
proposal of the Portaria 143/2009 from the 5th 
of February, to the mentioned entity. 

On the 16 March 2009 a new manifestation 
was organized in Odemira to challenge the law, 
having counted with about three thousand 
people (Fig. 6). 

Posteriorly the Portaria 143/2009 from the 
5th of February, was modified by the Portaria 
458-A/2009 from the 4th of May, the major 
changes are: 

 In shore/boat fishing, live baits and 
chumming is allowed; 

 Recreational fishing is allowed during all 
days except on Wednesday and on 
holidays; 

 Between the 15th January and the 15th 
March fishing for Diplodus sargus and 
Diplodus vulgaris, is forbidden. 

Were also organized protest actions, with 
meetings in various locations, which have 
culminated in a meeting in Vila Nova de 
Milfontes, on the 30th May 2009. 

After these events, the fishermen were 
received by the secretary of State for the 
Environment, "there are indications that the law 
is in a process of change," adding, however, 
that "the fishermen are not satisfied with some 
of the proposals for change", in particular the 
desire to open up an exception for the residents 
of the Natural Park from Sudoeste Alentejano 
and Vicentina coast- those who have mobilised 
-, leaving out large populations of counties 
outside of PNSACV. 

 
Figure 6. 16 March 2009 manifestation was 

organized in Odemira 

Afterwards in the second modification to the 
Portaria 143/2009, the Portaria 115-A/2011 
from the 24th of March, the major changes are: 

• Recreational fishing (all modalities) is totally 
forbidden, in the total protection areas and in 
the partial protection areas – type I, (defined 
in the development plan of PNSACV); 

• At PNSACV, Recreational fishing is totally 
forbidden on Wednesdays, except on 
national holidays; 

• Recreational fishing during the sunset and 
sunrise only can be practiced if a life and 
reflective jacket is used, regardless where 
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the fishing activity takes place; 
• Between the 1st February and the 15th of 

March, fishing for Diplodus sargus and 
Diplodus vulgaris is forbiden  

• Authorization to use traditional adapted 
tools, namely ‘arrilhada’, ‘puxeiro’ ou 
‘bicheiro’. 

4. Actual legislation 

The government creates a working group 
with entities, associations, committees of 
fishermen, log several working meetings and 
together draw up a new law. 

Government capitulates in leisure fishing by 
extending the quantity of fish and seafood and 
authorizes the use of traditional tools, changing 
the regulation of the sector. 

In the new legislation, two stand out: the 
changes introduced in the Natural Park of 
Sudoeste Alentejano and Vicentina coast 
(PNSACV). 

 
Figure 7. Mandatory marking all the specimens. 

From Portaria 14/2014, of 23 January 

Currently there is a legislation fairer and less 
restrictive (Portaria 14/2014, of 23 January), 
with a national character, thus there is no 
longer the constraint of a proper law for the 
PNSACV. However there may be some 
constraints, in particular areas of partial and 
total protection, imposed by POPNSACV - 
Development Plan of the Natural Park of 
Sudoeste Alentejano and Vicentina coast. 

 Fishing from shore/boat, the limit goes 
from 7.5 kg to 10 kg, plus the largest 
specimen; 

 In spearfishing, limit changes from 7.5 kg 
to 15 kg, plus the largest specimen; 

 For marine organisms, excluding fish and 
cephalopods, limit is 2 kg; 

 It is authorized to capture 3 kg of mussels 
(Mytilus spp), 5 kg of oysters (Crassostrea 
spp.) and 5 kg of Japanese clams 
(Ruditapes philippinarum); 

 The capture limit per day for annelids is 
0.5 liters per person; 

 In boat fishing with more than three 3 
practitioners, the total limit of the catches 
cannot exceed 25 kg, plus the largest 
specimen; 

 Every time that these limits are reached it 
is prohibited continue fishing; 

 The fish can only be transported by the 
leisure fishing practicing who has made the 
captures; 

 Between the 1st February and the 15th of 
March, fishing for Diplodus sargus and 
Diplodus vulgaris is forbidden;  

 It is mandatory marking all the 
specimens, before leaving the fishing spot 
(cross-sectional cut in the fish’s tail) (Fig. 7). 

5. Discussion 

The Portaria 143/2009 intended to regulate 
the leisure fishing in Natural Park from 
Sudoeste Alentejano and Vicentina coast, 
alleging excessive practicing and danger in 
depletion of marine resources. 

The measures outlined, particularly a closed 
season of 3 months for sea bream fishing and 
the prohibition of fishing from Monday to 
Wednesday, are absurd and unfair, because 
they don’t apply to the rest of the national 
territory, nor the commercial fishing, placing the 
conservation responsibility of white seabream 
only in leisure fishing, in the area of PNSACV. 

Against all the principles of fairness, these 
measures that come in the wake of other, 
worsen the conditions of life of those who live in 
PNSACV, and harm all the most 
disadvantaged, who have in the leisure fishing 
a traditional food supplement of first 
importance. 

The law came thus deepen further the social 
and economic crisis in PNSACV, and acerbate 
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the just uprising of its population against the 
autistic and arrogant tutelage from the ICNF 
(Institute for Nature Conservation and Forests, 
the old name was Nature and Biodiversity 
Conservation Institute). Transforming ancestral 
life styles in illegal practices and turning 
increasingly unsustainable the existence of 
people who lives in the Natural Park it isn't an 
effective method for the natural resources 
conservation actions. 

This approach of bot-down unleashed a 
serial of public manifestations done by 
recreational fishers. 

This also occur in Florida with fishers felt 
highly alienated from the process of what they 
considered to be an attempt to exclude their 
group from the harvest [9]. 

The human dimension and socio-economic 
and sociocultural aspects is very important 
when is stablishing MPAs (e.g. [9], [10], [11], 
[12]) and in this case was not considered in the 
beginning. 

Only after several actions showed the 
discounted the official services start to work 
with recreational fishers to design new 
legislation. 

Recreational Fishers is an interested part in 
the process. A study in Cap de Creus (MPA) 
also statement that recreational fishing has a 
large economic effect on the local economy 
[13]. 

In different parts of world, of engaging 
recreational fishers in management and 
conservation concluded that recreational 
fishers can be instrumental in successful 
fisheries conservation ([7], [14], [15]). 

Measures are needed for the planning and 
management of fisheries (applicable to leisure 
and commercial fishing). They should be 
implemented in an integrated and consistent 
way, based on scientific and credible studies. 
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Abstract. This paper is the result of a 
pedagogical intervention project carried out in a 
primary school. The intervention took place in a 
4th grade class (n=24) and involved an inquiry-
based approach to the teaching of the 
curricular topic “water phase changes”. 

The project employed an action research 
methodology whose main goals were: a) to 
promote inquiry-based science teaching; b) to 
describe and analyse the process of the 
construction of meanings in relation to the 
phenomena under study, and c) to evaluate the 
learning acquired by the students. At the end of 
each lesson, a class diary was prepared - a 
descriptive and reflective narrative compiled 
from the field notes and audio recordings made 
during participant observation in the classroom. 
It was one of these class diaries that served as 
basis for this article, which describes and 
analyses the process of scientific meaning 
construction occurred in the classroom, around 
the phenomenon of "water evaporation". 

The results of the assessment on the 
learning acquired show that the vast majority of 
students developed an atomistic model to 
explain the phenomenon of water evaporation, 
in which liquid water turns into small, invisible 
particles (water vapour), which become part of 
the air around us. This model is consistent with 
the notion of conservation of matter. 

Keywords. Inquiry-based science teaching, 
water evaporation, elementary science. 

1. Introduction 

Very early on, children manifest a natural 
curiosity and interest in knowing and making 
sense of the world that surrounds them. The 
teaching of sciences should take advantage 
and enhance these natural qualities in children, 
as they constitute the necessary support for 
active and meaningful learning in the classroom 
[1, 2, 3]. The goal is to “educate” the children’s 

natural curiosity in order to develop more 
systematic, deeper and more autonomous 
thinking patterns [4]; stimulate them to pose 
questions and look for possible answers for 
what they do and see; enable them to devise 
ways to test their ideas and thought strategies; 
to share and discuss their own theories and 
explanations with others [5, 2]. Unfortunately, 
the traditional educational system works in a 
way that generally discourages the natural 
process of inquiry. Thus, the meaningful 
exploration of inquiry-based science activities 
stands as a privileged means to convert 
classrooms into places of leisure, satisfaction 
and personal fulfilment, as they allow the 
creation of a learning environment where 
children learn and do things they really enjoy 
[3, 6]. A stimulating and challenging learning 
environment, which can be provided by 
exploring inquiry activities, is essential for the 
children's social and intellectual development 
[7, 8, 9]. 

Inquiry-based science education in the early 
years of schooling is, therefore, vital to help the 
children: understand the world around them; 
learn to obtain and organise information; 
develop ways to discover; test ideas and use 
evidence; and develop positive attitudes 
towards science [2, 10]. On the other hand, it 
can also help children develop very different 
thinking skills early on [11], e.g., scientific 
thought, critical thinking, autonomous problem 
solving and meta-cognitive skills, which are 
likely to be transferred and applied to other 
contexts and learning situations [7, 8]. Finally, 
we could say that inquiry activities in science 
classes also offer a privileged setting for the 
use and development of other fields of 
knowledge, specifically oral and written 
language and mathematics [2, 3]. Science 
education is, therefore, of great importance for 
children, as it promotes the development of 
processes, concepts and basic attitudes that 
will be indispensable for subsequent scientific 
learning [2, 10]. 

The importance of science for children has 
been widely recognised in the science 
curriculum guidelines of many countries, which, 
like some international organisations, have also 
recommended inquiry methods for its 
approach. However, in the majority of 
European countries, the reality of classroom 
practice is that these methods are being 
implemented by relatively few teachers [12, 13]. 
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2. The students' intuitive ideas and the 
understanding of water evaporation 

A study conducted by Russell, Harlen and 
Watt [14], showed that children have intuitive 
conceptions about the evaporation of water, 
which can be grouped into three categories: a) 
there is no conservation of the quantity of 
water. Evaporated water simply ceases to exist; 
b) there is a change in location without 
transformation of the water; c) there is a 
change in the location of the water with 
transformation into in a visible or invisible form. 
It should be noted that atmospheric air is 
almost never referred to as the place where 
evaporated water goes. 

Bar and Galili [15] state that the conceptual 
change of views regarding evaporation in 
children's minds shows a clear correlation with 
their cognitive development, namely the use of 
the conservation principle and the adoption of 
an abstract model for air. Children's 
conceptions of evaporation could be 
categorised into one of four age-related views, 
as follows: (1) the water disappears (age 5-6); 
(2) the water penetrates solid objects (7-8); (3) 
the water evaporates into some "container" (9-
10); or, (4) the water evaporates, it is scattered 
in the air (age 10-11). 

The understanding of the evaporation 
phenomenon by students requires the ability of 
abstraction: liquid water, which they can see 
and feel, turns into water vapour, a material 
body made up of tiny particles, which they 
cannot see or feel. According to Sá [3], there 
are four aspects to consider in the development 
of the concept of evaporation in children: a) the 
concept of conservation of matter, despite the 
transformation occurred: the water continues to 
exist despite no longer being visible; b) the 
change of location of the evaporated water. 
Where does the water go?; c) the conditions or 
factors that influence the evaporation rate; d) 
the nature of the transformation that the water 
undergoes during the evaporation process. 

Often, when children approach the concept 
of evaporation, through the activity of observing 
the amount of water in a container decrease 
when in contact with air, their idea of 
evaporation is limited to the context in which 
the liquid has a surface in contact with air. 
Consequently they will be able to apply that 
notion to ponds, rivers and oceans, but they will 
be unable to explain the drying of clothes or the 

transformation of mud into hard, parched earth 
through evaporation. The drying of clothes and 
the evaporation of water from a cup are seen 
by children as different phenomena [3]. This 
means that the development of a concept or 
idea requires the diversification of activities, i.e. 
different science education contexts where the 
same phenomenon occurs [2]. 

3. Objectives 

A pedagogical intervention project was 
developed, with the aim of promoting an 
inquiry-based science teaching practice in the 
approach to the curricular topic “water phase 
changes”. For that purpose, several lessons 
were planned and implemented in the 
classroom. Thus, the specific objectives of this 
paper are: a) to describe and analyse the 
teaching and learning process promoted in the 
classroom during the exploration of one of 
these lessons, and b) to assess the learning 
acquired by the children. 

4. Methodology 

The science teaching project adopted an 
action research methodology and was carried 
out with a class of the 4th year in a Portuguese 
primary school, located in the city of Famalicão.  

The class was composed of 24 students, 13 
boys and 11 girls, aged between 9 and 10 
years. For two months, 5 lessons were taught 
on the curricular topic "Water phase changes”, 
amounting to a total of 10 hours of intervention 
in the classroom, as presented in the table 1. 

For each topic addressed, a teaching and 
learning plan was prepared, containing the 
following elements: i) learning goals; ii) 
materials needed for the groups to carry out the 
planned activities; iii) guidelines for the 
teaching and learning process; and iv) an 
individual record sheet for each student. 

Each lesson, which corresponds to one 
action research cycle, begins with a teaching 
and learning plan, which is implemented 
flexibly, according to the teaching and learning 
processes generated and promoted within the 
reality of the classroom. The lessons were 
taught by the second author of this paper, who, 
in collaboration with the class teacher, played 
the role of both researcher and teacher. 
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Lesson subject Duration 
Solid, liquid and gaseous 
materials: What are the 

differences? 
2h 00m 

Fusion and solidification of 
water 

2h 00m 

Water evaporation 2h 30m 

Condensation 2h 00m 

The water cycle 1h 30m 

Total 10h 00m 

Table 1. Lesson subject and duration 

The data generated in this intervention 
was collected using two complementary 
methods: the field notes made by the 
researchers and the audio recordings of the 
lessons. This raw data was subsequently 
compiled in the form of detailed narratives 
that include the most relevant events that 
took place in the classroom – the class 
diaries. These constituted the main method 
of recording data and, simultaneously, a 
strategy for reflection and for the modelling 
of the teaching and learning process [16]. 
This paper aims at describing and analysing 
the teaching and learning process promoted 
in the classroom, based on the class diary 
about water evaporation. 

With the purpose of assessing the 
learning acquired by the children, a 
questionnaire was prepared and 
administered three weeks after the 
pedagogical intervention. 

5. Results 

5.1. Class diary content analysis 

In small collaborative groups, the students 
investigate water evaporation, in terms of the 
variation in the amount of water occurred after 
a few days in an uncovered cup, in a cup with 
wet earth and in a wet cloth. The lesson begins 
with the following question: 

A. What will happen to the water in this cup 
if we leave it uncovered for a few days?  

 A1. The students make predictions. 

Their answers suggest that the water will 
evaporate: "the water will evaporate" 
(Rodrigo); "it will evaporate" (Ana); "it will 
evaporate because it will be in the cup for 

many days" (Catarina). However, when 
asked if the amount of water in the 
uncovered cup will be the same after a few 
days, opinions are divided: some argue that 
yes, while others believe that the amount will 
be different. 

 A2. The students discuss the different 
predictions. Excerpt from the class diary: 

"I think it will evaporate and no water will be 
left" (Ana). "The cup will have less water, 
because of the sun, which will turn the water 
into the gaseous state" (Rodrigo). "The water 
will evaporate because of the heat in the room" 
(António). "It will disappear, but very slowly, 
because of the sun and the temperature of the 
room" (Afonso). 

After the collective reflection and discussion, it 
appears that: a) there are more and better 
arguments in favour of a reduction in the 
amount of water in the uncovered cup, due to 
the fact that it is subject to the phenomenon of 
evaporation; b) there are those who justify their 
opinion based on the water passing from the 
liquid to the gaseous state. The sun and the 
heat of the room are seen as the agents of this 
phase change; c) there are those who use the 
term "disappear", which could mean that the 
evaporated water ceases to exist - absence of 
the notion of conservation. 

 A3. The students record their predictions. 

Most children (22; 91.6%) predict that the 
amount of water in the uncovered cup will be 
smaller after a few days. Only two children (2; 
8.4%) wrote on their record sheet that the 
amount of water will remain the same. 

B. How can we find out who is right? 
Planning a strategy to test the 
predictions. 

 B1. The students reflect and negotiate the 
best way to test their predictions. 

"We can take the cup with water and draw a 
small line on it. Then, on Monday, we'll see if 
the water is still at that line" (João A.). Rodrigo 
suggests a different idea: "weighing the water; 
then, we would weigh it again and see if the 
weight was the same". When asked to give 
their opinion on these ideas, the class is 
unanimous in considering Rodrigo's idea the 
best. In an effort to preview the results, 
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students state that the amount of water will 
decrease in terms of weight variation: "the 
water will lose weight because, as it 
evaporates, it will lose the weight of the water 
lost in those days" (João L.). Children who 
previously said the weight would remain the 
same are now unable to find a plausible 
explanation.  

 B2.The children build a rudimentary scale. 
Excerpt from the class diary: 

"How can we measure the amount of water 
evaporated if we do not have a scale?" – I 
asked. In the absence of answers, I give them 
some tips to build a scale with two empty 
yoghurt cups, a small plastic rod and a piece of 
string. With my help, the groups build their 
scales and make a few comments: "The cup 
that goes up is the lighter one" (Rúben). "The 
heavier cup goes down" (Inês).  

 B3. The students plan out procedures to 
balance the scales:  

o After the construction. 

"Now, how will we balance the scales?" – I ask. 
"The cups have to be in the same position" 
(Fábio). "The stick has to be straight” (Sérgio). 
Given their difficulties, I help the groups to 
balance their scales. 

It is difficult to balance the scale when the two 
cups are suspended, because of the length 
differences that may exist in the strings that 
support them. The scales are balanced by 
positioning the plastic rod horizontally, through 
the following procedures: a) the students move 
the string tied at the middle of the plastic rod to 
the left or to the right; b) or they move the 
strings tied to each end of the plastic rod to the 
left or to the right, depending on the imbalance. 

o After water is put into one of the cups. 

"What should we do now to find out the 
amount of water that evaporated?" "We 
have to put water" (Luísa). "We put water 
in one of the cups and something else in 
the other cup, until the scale is straight". 
"What "other thing" will we put in the 
other cup?" – I ask. In the absence of any 
answers, I pick up a handful of beans 
and, immediately, Sérgio says: "We put in 
an amount of water and then we put 
beans in the other cup until the scale is 
straight (balanced)". 

C. Now, what will happen to a wet cloth and 
a bit of moist earth? 

 They apply the previous knowledge to the 
new contexts. 

"It will dry out" (Ana). "The weight will decrease 
because the cloth will dry out and then it will no 
longer have as much water" (Mariana). "The 
water evaporates and then the cloth gets 
lighter" (Inês). "And what will happen after a 
few days, if we put this wet earth into a cup as 
well?" "The scale will be tilted because water 
has weight and, as it evaporates, it will get 
lighter" (João A.). "The water will evaporate and 
the cup with the earth will be lighter" (Luísa). 

Figure 1. The groups balance their scales 

It is relatively easy for students to mobilise and 
apply the previous knowledge to new contexts. 
Throughout this process, it should be noted 
that: i) the predictions about what will happen to 
the wet cloth and the wet earth, unlike what 
was previously found for the cup with water, are 
now converging towards the fact that the 
amount of water will decrease after a few days; 
ii) the variations in the amount of water that will 
occur in both contexts, due to the process of 
evaporation, are now referred to in terms of 
weight variation. 

D. How can we find out if the amount of 
water will decrease in all three cases? 

 The students perform the procedures. 

With my help, each group performs one of the 
following balances of the scale: water/beans, 
wet earth/beans, damp cloth/beans. I interact 
with the groups and ask if the scale is 
balanced. "The cup with water still outweighs 
the other" (Inês), "What do you need to do?" – I 
ask. "Put in more beans" (Ana). "Put less 
water" (Maria). They remove some of the water 
from the cup and some of the elements of the 
group say: "It's not there yet"; "Now it's equal" 
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(Rúben); "now it's balanced" (several). With my 
help, the balanced scales are suspended from 
a rope in a corner of the classroom. 

E. What differences do you see in the scales 
since the last lesson?  

 The students interpret their observations. 

On Monday morning, after three days, I ask: 
"What differences do you see in the scales?" 
"They are tilted" (António). "The water 
evaporated" (Margarida). "Why did that 
happen?" "Because the beans in the cups did 
not evaporate and then, as the water 
evaporated, they became heavier" (Ana). "The 
heavier cups are lower" (Rúben). "The water 
evaporated from all the cups" (Fábio). "In the 
cups with the cloth and the wet earth, water 
also evaporated and they got lighter" (Inês). 

 

Figure 2. Procedure 1: water/beans. 

F. How can we measure the amount of water 
that evaporated? 

 F1. The children suggest a procedure. 

Students show that they understand that the 
amount of evaporated water can be obtained 
by re-balancing the scales. They suggest 
removing beans from the heavier cups (which 
are lower), until they obtain a new balance: 
"removing beans" (Rodrigo); "the beans that we 
remove are the weight" (Rúben); "that is the 
weight of the water that evaporated" 
(Margarida). 

The figure 2 illustrates the procedure 
suggested by the students: 

 F2. They reflect on a possible unit of 
measure. 

"Is it possible, then, to use the beans as a unit 
of measure?" – I ask. "Yes, the beans we 
remove are how much it weighs" (Rúben). 
"That is the weight of the water that 
evaporated" (Inês). One of the groups removes 
and counts beans from one of the scales, until 
it is balanced. "So, the water that evaporated 
corresponds to how many beans?" "Twenty-
three" - they answer. "By removing the beans, 
the scale got straight" (Inês). "The beans are 
the weight of the water that evaporated" 
(Fábio). "By removing the beans, we learn the 
amount of water that evaporated in beans" 
(Nuno). 

 

 
Figure 3. Procedure 2: water/beans 

 F3. They measure the water that evaporated 
in ml. 

I encourage the students to think about another 
procedure to measure the amount of water that 
evaporated in the three situations (cup with 
water, cup with wet earth and cup with wet 
cloth). "Put in more water and measure" 
(Mara). "Measure the water that the cups have" 
(Tiago). "What will we use to measure?" – I 
ask. "We'll have to use a measuring cup" 
(Rúben). I give Rúben a beaker. I put 80 ml of 
water in the beaker. In the scale built by his 
group, and with the help of his classmates, he 
pours water until the scale is balanced. I ask to 
see how much water was left in the beaker. He 
replies that 68 ml were left. "What is the 
amount of water that evaporated?" "The 
amount evaporated was 12 ml. We calculate 

Remove  
beans 
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the difference" (Jorge). The groups perform the 
same procedure to measure the amount of 
water evaporated in the remaining situations 
and find out it is different: 8 ml in the cup with 
wet earth and 10 ml in the cup with the wet 
cloth. 

 F4. They record the data in a table. 

By way of illustration, the following is the type 
of record made by the students in their record 
sheet. 

 

Figure 4. Example of a record sheet (in 
portuguese). 

The results obtained are consistent with the 
predictions originally made by all the groups - 
water evaporation in the three contexts. 

G. Where did the water that evaporated go? 

 Collective reflection and discussion. 

"It went to the sky" (Ana). "To the clouds" (João 
A.). "It went outside. The water went outside. 
Clouds can't form in here" (Mafalda). "When 
water evaporates, it goes up" (Nuno). "Does 
the water that evaporates go immediately up to 
form clouds?" – I ask. Tentatively, some say 
"no" and Nuno intervenes: "When we heat 
water on the stove, we see the water coming 
out and the extractor hood gets wet". "So 
where did the evaporated water go?” "It went 
into the air" (Jorge). "It spread throughout the 
air" (António). "Then what exists in the air?" 
"Water" - Inês promptly answers. "In what state 
is that water that evaporated?" – I ask. "In the 
gaseous state" (Rúben). "It must turn into tiny 
droplets, but we cannot see them" (Nuno). So 
what happens to water in things when they dry? 
"It goes into the air, all around us" (several 
students). "Water turns into "little things" that 
we cannot see, but that are there" (Rodrigo). 
"They stay in the air" (Margarida). 

Figure 5. Example of a drawing made by one of 
the students 

During the collective reflection and 
discussion, when students are asked where 
the evaporated water has gone, 
explanations of different conceptual levels 
arise: 

a) One argues that the evaporated water - 
water vapour - goes directly to the clouds. 
This is an intuitive notion that, if accepted, 
does not even include a phase change, as in 
the clouds, water is in the liquid state. 

b) Another expresses the idea that water 
vapour is now in the air, the students failing, 
however, to suggest a more explanatory 
theory. 

c) Lastly, a third one reveals an atomistic 
concept of evaporated water, which is 
consistent with the concept of conservation. 
In this theory, evaporated water does not 
cease to exist, but merely undergoes a 
change in physical state, now taking the 
form of small, invisible particles: "water turns 
into "tiny things" that cannot be seen, but 
that are there". This notion is present in 
some of the drawings made by the students 
at the end of the lesson. 
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5.2. Assessment of learning 

Three weeks after the lessons, the following 
question was included in an assessment test: 

Mark the correct sentence with a cross (X): 

a) The water in the cups disappeared and 
ceased to exist. 

b) The water disappeared and went straight 
to the clouds. 

c) The water is now in the air, in small 
particles that cannot be seen. 

In the graph of figure 6 it is shown the 
relative and absolute frequency distribution of 
the student's answers. 

It was found that a vast majority (71%) of 
students developed an atomistic model to 
explain the phenomenon of water evaporation, 
in which liquid water turns into small, invisible 
particles (water vapour), which move around 
and are carried by the air that exists all around 
us. This model is consistent with the concept of 
conservation of matter – only one child marked 
sentence (a) as correct. 

6. Final considerations 

The data contained in the class diary takes 
on the nature of a sample of the learning 
acquired by the children, not allowing for any 
illations about the degree of individual learning 
achieved by each one. However, the 
combination of that learning with the data 
obtained on the items of the individual 
assessment question shows that most of the 
children in the class, in order to explain water 
evaporation, developed a model in which liquid 
water turns into small, invisible particles – water 
vapour –, which move around and are carried 
by the air around us. This model is consistent 
with the notion of conservation of matter. 

According to Coll and Martín [17], an 
evaluation that is based on the consideration of 
an instant situation is unreliable, as it fails to 
take into account the dynamic nature of the 
meaning construction process, as well as its 
temporal dimension. In this regard, the results 
obtained in the items of the assessment 
question, three weeks after the lesson, also 
allow claiming that this learning was significant, 
as opposed to memorisation, which is quickly 
forgotten. 

 
Figure 6. Students’ answers 

The teaching and learning process analysed 
above, on water evaporation, entails great 
personal and intellectual involvement by the 
children and is closely dependent on an 
intervention intentionally guided by the teacher, 
which aims at promoting in them both the 
construction of meanings that are more 
consistent with reality and the development of 
scientific process skills. In this sense, the 
teacher plays a key role. The teacher, through 
a process of questioning that stimulates the 
children’s thoughts and actions [3], supports 
their individual and collective cognitive activity 
[18,19]. Through this process of questioning 
[19] guided by the teacher, students are able to 
reach higher levels of comprehension and, 
simultaneously, develop better thinking skills, 
which they would not be able to achieve without 
support. 

Lastly, we would like to point out that the 
initial and in-service training of primary school 
teachers should be able to endow them not 
only with scientific knowledge, but also with 
specific didactic knowledge on how to explore 
the different curricular topics with the children. 
The development of this knowledge should be 
based on the data and tools that emerge from 
research undertaken with children in the 
classroom context. Research in science 
education should offer fruitful elements to 
support the educative action of the teachers. In 
this sense, the analysis presented in this 
article, about the activity “water evaporation” 
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may constitute both a didactic resource for 
teacher training and an element of support for 
those teachers, so that, in similar contexts, they 
are able to promote the same teaching and 
learning process with their students. 
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Abstract. Statistics has an important role in 
many areas of knowledge like Psychology and 
Nursing, among many other areas. One topic of 
particular interest is the use of probability 
distribution functions, being the calculation of 
the corresponding probabilities and quantiles a 
teaching challenge in areas where students do 
not have a deep mathematical background. In 
this situation, visualizing and interpreting the 
probability distribution functions become a 
crucial point in the learning process. This work 
suggests the use of softwares as R and Excel 
in the visualization of probability distribution 
functions and in the determination of its 
corresponding probabilities and quantiles. 

Keywords. Distribution functions, Excel, 
quantiles, software R. 

1. Introduction 

The advance of knowledge in Psychology 
and Nursing, among many other areas, is 
based on empirical evidence obtained by the 
scientific method of observation and 
experimentation. One of the steps of this 
scientific method is the gathering of relevant 
information and its analysis. Sometimes the 
nature of the data suggests the form of a 
probability model, but at other times the 
appropriate probability model will not be readily 
apparent. Either way, the formulation of a 
probability model to describe the data requires 
some knowledge about random variables. This 
work is a contribution to the exploration of the 
most popular random variables, namely, the 
normal, the chi-square, the Student’s t and 
Fisher-Snedecor’s F distributed ones. 

2. Some special random variables 

Random variables are modeling tools. It is 
very common to quantify what surrounds us by 
simplifying complex situations to simple counts 
of individuals who have some particular 
characteristic, or to the act of measuring certain 
characteristics. The importance of the 
Gaussian or normal model and the role of chi-
square, Student's t (in short, t) and Fisher-

Snedecor's F (in short, F) distributions on 
statistical inference gives these models a 
central place in introductory probability and 
statistics courses. 

A random variable X is said to be normally 
distributed with mean R and standard 
deviation σ>0 (in short, X~Normal(, σ)), if its 
probability density function (pdf) is given by (1): 
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The chi-square, the t and the F distributions 
result from certain combinations of normal 
distributed random variables. 

If Z1,..., Zn are independent standard normal 
random variables (meaning that for all variables 
considered,  = 0 and σ = 1), then the random 
variable X, defined by (2) 

22
1 ... nZZX   (2) 

is said to have a chi-square distribution with 

nN1 degrees of freedom (in short, X~ 2
n ). 

Unlike the normal distributed random variable, 
the chi-square distributed distribution is not 
symmetric and its values cannot be negative. 
Its pdf, for x > 0, is given by 
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(where  stands for the gamma function) 
and, for x  0, f(x)=0. 

The random variable T defined by (4) 

,
/ nX

Z
T   (4) 

with Z~Normal(0, 1) and X~ 2
n , 

independent from Z, has a t-distribution with n 
degrees of freedom. Its pdf, for xR, is given 
by (5) 
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If X~
2
m  and Y~

2
n  are independent chi-

square distributed random variables with m and 
n degrees of freedom, respectively, then the 
random variable F defined by (6) 

n

Y

m

X
F   (6) 

is said to have an F-distribution with m and n 
degrees of freedom (in short, F~Fm,n) and has a 
pdf given by (7), for x>0, 
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 For x0, 

f(x)=0. 

For more information about these random 
variables cf., eg., [1], [2] and [3]. 

3. Visualizing distributions 

Microsoft Excel software (in short, Excel) is 
a spreadsheet application widely available. 
Although not being a statistical package, it 
contains some basic statistic functions and data 
analysis tools, that can be used to teach, learn 
and explore statistical concepts. It is a didactic 
tool, with an embedded programming 
language, the Visual Basic for Application 
(known as VBA) that allows to automate some 
procedures and to extend its potentialities. 

Excel software has a list of several 
continuous distribution functions ready to be 
used. Among these are the ones associated 
with chi-square (CHIDIST; CHIINV), F (FDIST; 
FINV), normal (NORMDIST; NORMINV; 
NORMSDIST; NORMSINV) and t (TDIST; 
TINV) distributions. For example, the instruction 
NORM DIST(x, μ, σ, FALSE) gives the 
probability density function value f(x) for 
X~Normal(, σ) and the instruction 
NORMDIST(x, μ, σ, TRUE) gives the 

cumulative probability distribution value F(x) for 
the same random variable. (The explanation of 
the other Excel functions can be found the its 
Help facility. The above list of function names 
was extracted from the Built-in Statistical 
Functions of 2007 version of Excel. New 
functions were added to later versions of Excel 
(2010 and 2013), and some new naming 
conventions have been introduced.) Using 
these functions in conjunction with the If 
instruction and the graphical representation 
(chart type Area) it is possible to obtain a visual 
representation of the areas that correspond to 
the probabilities that are looked for. (Please 
note that the present work is not affiliated with, 
nor has it been authorized, sponsored, or 
otherwise approved by Microsoft Corporation.) 

R is a free software environment for 
statistical computing and graphics which is a 
product of a collaborative effort with 
contributions from all over the world [4]. Within 
the many packages of R, our choice was to 
apply the package mosaic. This package was 
created by a community of educators interested 
in introducing mathematics, statistics and 
computation to students. 

The package mosaic includes the function 
pdist that computes and illustrates the 
cumulative probabilities for the most common 
distributions, which are identified by the first 
argument of the mentioned function. Among 
these are the standard normal (norm), the chi-
square (chisq), the t (t) and the F (f) 
distributions. The vector of values whose 
images are to be computed and the number of 
degrees of freedom (for the chi-square and t 
distributions: df; for the F distribution: df1 and 
df2) follow this identification. 

The probabilities and graphs related to the 
general normal distribution are obtained with 
the function xpnorm. This function returns a 
similar output as the function pdist, but 
presents additionally the conversion to the 
standard normal distribution scores. The first 
argument of the function xpnorm is a vector of 
values whose images are to be computed, 
followed by the values of the mean (mean) and 
standard deviation (sd). 

Analogously, the package mosaic contains 
two functions qdist and xqnorm which compute 
and illustrate quantile values, given a vector of 
probabilities instead of a vector of score values. 
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More information about the package and 
about each function can be found in 
http://cran.project.org/web/packages/mosaic/in
dex.html. 

The following section gathers some simple 
exercises which are solved by the use of the 
above presented commands. 

4. The normal distribution 

Consider X~Normal(5;0.4), whose pdf and 
cumulative distribution function are graphed in 
Fig. 1. 
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Figure 1. Probability density (f) and cumulative 
distribution (F) functions of Normal(5;0.4) 

Exercise 1: Graph the pdf of X and find the 
probabilities P(X4.7), P(X > 5.8) and P(4.7<X 
 5.8):  

0,0
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0,4

0,6

0,8

1,0
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3,6 4,0 4,4 4,8 5,2 5,6 6,0 6,4

X <= 4,7;  area = 0,227

4,7 <= X <= 5,8;  area = 0,751

X >= 5,8;  area = 0,023
 

Figure 2. Pdf of X~Normal(5;0.4) and 
probabilities computed with Excel 

 
Figure 3. Probabilities computed with the 

package mosaic 

 
Figure 4. Pdf of X~Normal(5;0.4) and 

probabilities computed with the package mosaic 

Exercise 2: Graph the pdf of X and find the 
third quartile, which is the value separating the 
bottom 75% from the top 25%. 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

3,6 4,0 4,4 4,8 5,2 5,6 6,0 6,4
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Figure 5. Pdf of X~Normal(5;0,4) and quantile 
0.75 computed with Excel 
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Figure 6. Quantile 0.75 computed with the 
package mosaic 

 
Figure 7. Pdf of X~Normal(5;0,4) and quantile 

0.75 computed with the package mosaic 

5. The chi-square distribution 

Consider ,~ 2
5X whose pdf and 

cumulative distribution function are graphed in 
Fig. 8. 
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Figure 8. Probability density (f) and cumulative 

distribution (F) functions of 2
5  

Exercise 1: For 2
5~ X , graph the pdf of X 

and find the probabilities P(X  5), P(X > 9) and 
P(5<X9). 
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X <= 5;  area = 0,584

5 <= X <= 9;  area = 0,307

X>= 9;  area = 0,109
 

Figure 9. Pdf of 2
5~ X  and probabilities 

computed with Excel 

 

Figure 10. Probabilities computed with the 
package mosaic 

 

Figure 11. Pdf of 2
5~ X  and probabilities 

computed with the package mosaic 

Exercise 2: For 2
5~ X , graph the pdf of X 
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and find the third decile, which is the value 
separating the bottom 30% from the top 70%. 

 

Figure 12. Pdf of 2
5~ X and quantile 0.30 

computed with Excel 

 

Figure 13. Quantile 0.30 of 2
5~ X computed 

with the package mosaic 

 

Figure 14. Pdf of 2
5~ X and quantile 0.30 

computed with the package mosaic 

6. The t-distribution 

Consider X~T10, a t distributed random 
variable with 10 degrees of freedom, whose pdf 
and cumulative distribution function are 
graphed in Fig. 15. 
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Figure 15. Probability density (f) and 
cumulative distribution (F) functions of X~T10 

Exercise 1: For X~T10, graph the pdf of X 
and find the probabilities P(X  -1), P(X > 2) 
and P(-1< X  2). 
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X >= 2;  area = 0,037
 

Figure 16. Pdf of X~T10 and probabilities 
computed with Excel 

 
Figure 17. Probabilities computed with the 

package mosaic 
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Figure 18. Pdf of X~T10 and probabilities 
computed with the package mosaic 

Exercise 2: For X~T10, graph the pdf of X 
and find the percentile 25, which is the value 
separating the bottom 25% from the top 75%. 
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Figure 19. Pdf of X~T10 and quantile 0.25 
computed with Excel 

 

 
Figure 20. Quantile 0.25 computed with the 

package mosaic 

 
Figure 21. Pdf of X~T10 and quantile 0.25 

computed with the package mosaic 

7. The F-distribution 

Consider X~F20,8, an F distributed random 
variable with 20 and 8 degrees of freedom, 
whose pdf and cumulative distribution function 
are graphed in Fig. 22. 
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Figure 22. Probability density (f) and 
cumulative distribution (F) functions of  

X~ F20,8 

Exercise 1: Graph the pdf of X and find the 
probabilities P(X  2), P(X > 3.41) and P(2< X  
3.41). 
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X <= 2;  area = 0,842

2 <= X <= 3,41;  area = 0,118
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Figure 23. Pdf of X~F20,8 and probabilities 
computed with Excel 

 
Figure 24. Probabilities computed with the 

package mosaic 

 
Figure 25. Pdf of X~F20,8 and probabilities 

computed with mosaic 

Exercise 2: Graph the pdf of X and find the 
quantile 0.96, which is the value separating the 
bottom 96% from the top 4%. 

  

Figure 26. Pdf of X~F20,8 and quantile 0.96 
computed with Excel 

 

 
Figure 27. Quantile 0.96 computed with the 

package mosaic 

 
Figure 28. Pdf of X~F20,8 and quantile 0.96 

computed with mosaic 

8. Final remarks 

Computing probabilities and quantiles can 
be a teaching challenge within the areas where 
the students have a soft mathematical 
background. The use of the probability tables, 
presented in any statistical book, is usually 
done after a quick sketch by hand of the 
corresponding probability density function. In 
this work we showed that softwares like R and 
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Excel can be used to graph probability density 
functions in a more accurate and appealing 
way. We hope to have encouraged the use of 
these softwares (or other similar ones) also in 
the teaching and learning of probability 
distributions. 
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Abstract. Creativity of students and teachers 
plays a very important role in education. 
According to experts a creative teacher is 
necessary to develop students' creativity. 
Based on our design-based research, hands-on 
experiments can be the appropriate tool for the 
development of creativity of students and 
teachers. Hands-on experiments include 
student activities, meaningful content, critical 
thinking and strong motivation. These 
components correspond to the basic 
components of creativity. Implementation of 
hands-on experiments into science 
teaching/learning involves basic processes that 
give rise to creativity. The study presents the 
design-based research outcomes of the 
implementation of creativity development 
methods in science education and also in 
science teacher training. 

Keywords. Creativity, development, hands-on 
experiments, science education. 

1. Introduction 

Today’s students are growing up in a world 
that is very different from the world of their 
parents and grandparents. In this world of 
technological and scientific development, 
human skills and especially creativity are key 
resources [28] which are necessary for the 
survival and prosperity of future generations in 
the 21st century [22]. Creativity is considered a 
relevant competency for the 21st century ([27], 
[29]) and needs to be included in education as 
a fundamental life skill [5]. To succeed in 
today’s society with a strong emphasis on 
creativity, students must learn to think 
creatively, so they must learn to be creative 
([5], [28], [25], and [29]). 

According to experts it is of upmost 
importance that creativity is developed ([11], 
[23], [34], and [36]) and that everyone has the 
potential to be creative ([7], [9], [10], and [21]). 
But Robinson [27] is of the opinion that schools 
suppress (“kill”) creativity. According to 
Sternberg and Williams [32], it is possible to 
observe creativity in young children, but it is 

harder in older children and adults because 
their creativity potential has been suppressed 
by a society which supports intellectual 
conformity. Children's natural creativity is stifled 
when children start to differ from standard 
procedures in their activities. It begins in 
kindergarten when teachers correct children 
who draw things with unusual colours or fancy 
shapes. 

Though intensely criticized for killing the 
innate creativity of children, a school seems to 
remain the only institution capable of promoting 
creativity on a large scale. Unfortunately, not all 
teachers are able to deal with the 
characteristics and behaviours of the creative 
child who deviates from the norm - the risk 
taker, the curious, impulsive child. But based 
on experts we can state that only creative 
teachers can develop student creativity ([20], 
[27], [28], [39], and [40]). That is why creation 
of methods for the development of teacher 
creativity, as a part of teacher education, is a 
necessity. Treffinger [37] suggested that 
creativity is related to the discovery process 
and considered hands on experiments to be 
one of the ways to develop the discovery 
process, and thus to develop creativity as well. 
In the frame of our research we discovered that 
an effective method of the development of 
science teacher creativity is the training of 
teachers in hands-on experiments [41], which 
promote creativity in both teachers and 
students. 

2. Creativity in education 

It is necessary to introduce a theoretical 
base of creativity. The common definition of the 
term creativity should be presented. However, it 
is difficult to define creativity. "The concept of 
creativity has traditionally proved an elusive 
one to pin down" ([4], p.13). Based on an 
analysis of published materials about creativity 
carried out by Rhodes [26], there were more 
than 40 different definitions of creativity in the 
second half of the 20th century. Treffinger, 
Young, Shelby, and Shepardson [38] state that 
there are approximately 100 definitions of 
creativity, depending on the ways in which 
authors view the creative function. "Some 
definitions are formulated in terms of a product, 
such as an invention or discovery; others, in 
terms of a process, a kind of person, or a set of 
conditions" ([35], p. 552). All of these things 
make it difficult to define creativity. Commonly, 
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creativity involves characteristics such as 
novelty, originality, usefulness, appropriateness 
and impact on society, as illustrated by the 
definition created by Hennessey & Amabile 
([15], p. 347): "A product is considered creative 
to the extent that it is both a novel and an 
appropriate, useful, correct, or valuable 
response to an open-ended task". 

For the purposes of our paper, insight into 
creativity in the context of education is very 
important. Lin [20] states that while respecting 
theories from the scholarly field of creativity 
studies, such as the behaviourist, cognitive, 
social-psychological, or humanistic approach, 
the approach to creativity in education has 
unique concerns, including the relationship 
between creativity and knowledge, curriculum, 
and appropriate pedagogical strategies to 
foster creativity in the classroom [6]. The 
important fact is that creativity can be 
developed and that everyone has the potential 
to be creative ([7], [9], [10], and [21]). 

 
Figure 1. Creative pedagogy ([20], p. 152) 

A commonly discussed issue in the expert 
community is the distinction between teaching 
creatively and teaching for creativity. According 
to the report from the National Advisory 
Committee on Creative and Cultural Education 
[21] (this distinction is in its characterization of 
creative teaching. Teaching creatively is 
defined as “using imaginative approaches to 
make learning more interesting and effective” 
([21], p. 89). Teaching creatively means that 
teachers use their own creative skills to make 
ideas and content more interesting and 
comprehensible. Teaching for creativity is 
defined as forms of teaching that are aimed to 
develop students’ own creativity. It involves 

instructional strategies designed to encourage 
students to think and act creatively. It is 
desirable to encourage students to experiment, 
to innovate, not giving them all the answers but 
giving them the tools they need to find out what 
the answers might be or to explore new 
avenues. The development of creativity in 
students is dependent, at least in part, on the 
environment in which they participate [31]. 
Expectations and thoughts held by teachers 
about the characteristics of creative children 
may have a very powerful influence on the 
children with whom teachers interact [31]. 

But this distinction has been commented 
[16] on and criticised [1]. And even in the 
NACCCE report it is written that “teaching for 
creativity involves teaching creatively” ([21], p. 
90) because “young people’s creative abilities 
are most likely to be developed in an 
atmosphere in which the teacher’s creative 
abilities are properly engaged” ([21], p. 90). In 
accordance with these statements a teacher is 
a very important person in “teaching” and that 
is why we do not put emphasis on the above 
mentioned distinction in our paper. Our solution 
is also based on the scheme (Fig. 1) 
concerning creative pedagogy which expresses 
the relationship between creative teaching, 
teaching for creativity and creative learning 
([20], p. 152). 

 
Figure 2. Hands-on experiments in creative 

pedagogy 

Additionally, hands on experiments support 
all components of creative pedagogy (Fig. 2). 
Implementation of hands-on experiments into 
teaching/learning allows us to apply all three 
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components of creative pedagogy and develop 
both the creativity of teachers (creative 
teaching and teaching for creativity) and the 
creativity of students (creative learning). 

Developing creativity through education is 
confirmed by many studies. Lin [20] presents 
three components of developing creativity 
through education: teaching, environment and 
the teacher. "Teaching" means the processes 
in providing creative and innovative educational 
strategies which stimulate the development of 
multiple intelligences [2], possibility thinking [6], 
and higher-level thinking [42], or how to involve 
the opportunity of exploring and solving 
problems [11]. To be "teaching" successfully it 
is necessary to create the second component, 
“environment", supporting learners’ 
motivation/enthusiasm ([3], [13], and [14]) and 
creative behaviour [6]. The third component, 
"teacher", connects the two previous 
components; the teacher creates a suitable 
environment supporting creativity using creative 
and innovative educational strategies. So the 
teacher should be creative - he/she should 
have an open attitude towards creative ideas or 
behaviours and valuing independent thinking 
([6], [7], [8], and [21]). The creative process 
helps to increase student learning and 
involvement, and it gives the teacher the 
opportunity to present learning material in new 
and innovative ways. Creativity in the 
classroom builds the foundation for students’ 
adaptability and skills in problem solving. 
Based on our research, hands-on experiments 
seem to be the appropriate way for the 
development of teacher and student creativity 
because they involve all the above mentioned 
components. In science education there is a 
common consensus about the importance of 
hands-on experiments for students´ 
development and fostering their interest about 
science. But it is not the case that every hands-
on experiment supports students´ development 
in science and in creativity as well. Hands-on 
experiments which are performed exactly 
according to the "manual" are not useful for 
students: they do not add anything to 
acquisition or the understanding of science, 
they do not foster interest and it is clear that 
they cannot develop creativity. To develop 
creativity Rogers [30] recommends two basic 
aspects: 

(1) Mental security – no products, ideas, 
opinions or beliefs of participants were 

criticized or even mocked; 

(2) Mental freedom - participants had 
freedom for conceptualization and the 
expression of ideas which emerged in their 
minds, their ideas, opinions or beliefs were 
respected and taken into consideration. 

 
Figure 3. One loop electric motor 

It is necessary to distinguish the style and 
level of creativity. Kirton’s Adaptation-
Innovation Inventory is a measurement tool of 
the KAI theory ([17], [18], and [19]). The KAI 
inventory was developed to measure 
differences in cognitive styles. According to the 
points individuals get in KAI, it is possible to put 
each of them into two groups, adaptors and 
innovators [17]. Everyone can be located on a 
continuum ranging from highly adaptive to 
highly innovative. Highly innovative individuals 
prefer to do things differently, to challenge the 
paradigm or structure. They are sometimes 
seen as undisciplined, thinking tangentially, and 
as approaching tasks from unexpected angles. 
They bring radical solutions to problems. If the 
teacher is not aware of the different styles of 
creativity, student with features of an innovator 
can be considered naughty or unruly. Highly 
adaptive individuals prefer to improve things 
while working within the given paradigm or 
structure. They are characterized by precision, 
reliability, efficiency, discipline and conformity. 
They are sometimes seen as both safe and 
dependable in their work. Adaptors reduce 
problems by improvement and greater 
efficiency ([19], [24]). To put it shortly, 
innovators “do things differently” and adaptors 
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“do things better” ([17], [24]). Individuals 
possess a share of each style; however, each 
of us prefers one style to the other [12]. Each 
style has its own strengths and weaknesses. 
One style is not better than the other; both 
styles are useful. According to Šorgo et al. [33] 
adaptors could be better in creative teaching 
and inventors (innovators) in teaching for 
creativity. 

3. Hands-on experiments in creative 
learning 

An important part of science learning 
creativity is experiments. Simple experiments, 
particularly hands-on experiments, have an 
important role. These experiments allow the 
creation of new and/or alternative experiments. 
As an example, we present a hands-on 
experiment created by students: 

The students were given the task to build a 
functional electric motor. In the lab, students 
had to find simple tools, materials and other 
supplies (magnets, batteries, wires, nuts and 
bolts, soldering iron, etc.). The students were 
divided according to their style of creativity to 
work in groups (adaptors) or to work 
independently (innovators). When solving this 
project task the students created several 
different hands-on electric motors. The one 
loop electric motor is shown as an example. 

One strong magnet attached to the bottom 
of the battery. The loop is placed on top of the 
battery. Make sure the loop touches the 
magnet gently (at least sometimes). Using 
strong magnets here is important. Using a 
strong magnet needs special attention, make 
sure to have a spare battery, apply current only 
during short time intervals. 

Students’ creativity can be further developed 
by implementation of minds-on questions as 
follows: 

 Predict the direction in which the loop 
will turn.  

 What would happen if we doubled the 
current in the loop?  

 What would happen if we took opposite 
directions for the magnet?  

 What would happen if we took opposite 
directions for the current in the loop?  

 If the loop was not closed (at the top of 
the battery), would it turn?  

 If the loop only had one “arm” would it 
turn? 

4. Hands-on experiments in creative 
teaching and teaching for creativity 

Teachers should be well prepared for 
teaching science and teaching for creativity. 
Courses developing knowledge and skills for 
creative learning and teaching for creativity 
should be included in teacher education. An 
integral part of these courses is the 
implementation of hands-on experiments. 
Teachers must be prepared for creative 
teaching and teaching for creativity, but should 
develop their own creativity. As an example, we 
present a set of hands-on experiments created 
by teachers during a training course for 
creativity: 

The teachers were given the task to create 
the most hands-on experiments from different 
areas of physics using boxes of matches as 
basic objects. In the lab, teachers had to find 
simple tools, materials and other supplies 
(string, paper, glue, candle, rubber band, 
magnets, batteries, wires, etc.). Also, teachers 
were divided according to their style of 
creativity to work in groups (adaptors) or to 
work independently (innovators). The teachers 
created a series of hands-on experiments:  

 Box-measuring instrument  
 Newton’s Third Law  
 Inertia  
 Equilibrium 
 Stability 
 Friction  
 Climbing box  
 Box on string  
 Wave machine  
 String telephone  
 Singing box  
 Resonance 
 Electric force  
 Magnetic field 
 Pinhole camera  
 Eye illusion  

 
These hands-on experiments served in the 

development of teachers’ creativity and can be 
very effectively used in students’ creative 
learning. 
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Figure 4. Wave machine made from match boxes 

5. Conclusion 

Creativity is as important in education as 
literacy and therefore it should be included in 
education as a fundamental life skill that will 
enable future generations to survive and thrive 
in the 21st century. The design-based research 
results show that the issue of creativity is 
among the hot topics of science educational 
research. Science teachers should obtain 
professional competence for teaching for 
creativity and creative teaching. The aim of 
these teachers’ activities should be the 
effective creative learning of students. The 
teacher’s attitude greatly influences the 
development of creativity. But the research 
findings suggest that teachers prefer intelligent 
students to creative ones because they do not 
know how to educate creative students. 
Research confirms that good school 
assessment of students relates more to 
intelligence than to creative thinking. Teachers 
need strategies for fostering students’ creativity 
and the possibility for developing their own 
creativity. The hands-on experiment is an 
appropriate and important educational 
instrument for the development of creativity of 
students and teachers. Hands-on experiments 
are given an even more significant role in 
science education.  
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Abstract. The perception of the population 
that captures mussels (Mytilus galloprovincialis) 
and barnacles (Pollicipes pollicipes) on Holy 
Friday on the campaign launched by the 
Cascais city council (“At Easter the one who 
pays is the mussel”) to prevent the depletion of 
the stocks and their opinion on the need of 
preservation of these two species and 
biodiversity in intertidal area. 

To evaluate it we went to the area where the 
campaign was launched and made a 
questionnaire to each family, in a total of 62 
surveys. 

This activity is mainly carried out by men 
between the ages of 30 and 60 years old. 62% 
of the pickers came from different areas of the 
council, 30% come from neighbouring councils 
and the other 8 % from distant places. 

The results confirm that the capture is 
mainly done at Easter (82%). 41% of the 
people inquired collect mussels, 16% collect 
barnacles and 43% collect both species.  

The majority of the pickers knows the 
maximum weight allowed to capture mussels 
but doesn’t know it about barnacles and less 
than half of the people answer correctly about 
the minimum length of the mussel shell. 94% 
state that the capture is done to private 
consumption. The perception of the people 
about the need of conservation of both species 
and biodiversity in intertidal is above 70%. 

As far as the campaign is concerned, 
people, in general, agree with it but their 
answers are not consensual: some said it is 
very good (40%) while others said that it is very 
bad (47%). About the reinforced surveillance 
done during this day by the Maritime and the 
City Council Police almost everybody said that 
it may end up with this tradition. 

Keywords. Mytilus galloprovincialis, Pollicipes 

pollicipes, mussel, barnacle, Holy Friday 
capture, conservation, biodiversity. 

1. Introduction 

1.1. Species 

This work is about the harvest, on Holy 
Friday, of two species: 

 Mytilus galloprovincialis Lamarck, 1819, 
called the Mediterranean mussel, 

 Pollicipes pollicipes (Gmelin, 1789) 
called pedunculated barnacle or stalked 
barnacle 

The Mediterranean mussel Mytilus 
galloprovincialis is a bivalve which lives in 
Portugal in low mid-shore zone of exposed 
shores [1]. This specie is commonly captured in 
intertidal zone and is a popular dish to be 
cooked to family and / or friends. 

In Cascais, a study on mussels found a 
negative correlation between the accessibility 
to sites and the abundance of mussels [2] and 
another study on the grading of human 
disturbance showed that the effects depend on 
the distance from the access point [3]. 

The stalked barnacle Pollicipes pollicipes is 
a crustacean that lives exposed on rocky 
shores. This specie is a very important 
economical resource on intertidal rocky shores 
of continental Portugal. The pressure over this 
resource is enormous and is aggravated with 
the actual financial crisis. A study done in 
Portugal by Sousa et al. (2013) [4] concluded 
that the higher proportion of adult barnacles 
was found in low shore while juveniles were 
relatively more abundant at mid shore. 

The present maximum weight allowed to 
capture is (Portaria n. º 14/2014) [5]: 

• Mussels – 3 kg per person 

• Barnacles – 0.5 kg per person 

In the past, when the campaign was 
launched, it was: mussels - 2 kg and barnacles 
- 0,5 kg. 

The rise in the quantity of capture allowed 
does not take into consideration the pressure 
that non-professional people do in intertidal 
area. 
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The minimum length of mussel shell allowed 
to capture is 5 cm. 

There is no minimum length for barnacles. In 
fact, except for the marine protection areas of 
the Southwest coast and the Berlenga islands 
there is no specific legislation on barnacles. 
This subject has been discussed in the media 
in the last months. 

1.2. Study Area 

This work was developed on the Atlantic 
coast in Cascais, Portugal. 

This is a carsic area, with very eroded 
platforms where the beaches are formed by 
dunes, sand and sedimentary rocks witch allow 
a special environment with a very rich 
biodiversity including the one of the intertidal 
area. 

The chosen local is Arriba Beach, a beach 
without supervision, with two areas of sand 
separated by a cliff. The rocky part that is 
exposed at low tide is populated with mussels 
and barnacles (Fig. 1 and 2). 

The hydrodynamism is high and wave 
direction is mainly along N-W direction. 

The surveys are done at Holy Friday 03-
April-2015, between 07:30 am till 12:30 am. 

The sun rise occurred at 6:46 am [6]. 

The low tide occurs at 08:55am height 1 m 
and the high tide have been at 15:15 am height 
3.4 m. [6] 

1.3. Campaign 

According Christian Calendar, Easter is 
celebrated on the first Sunday after de first full 
moon of the spring’s Equinox. Every Holy 
Friday the lunar cycle synchronism with high 
and low tide originates a very low tide, ideal for 
the capture of mussels and barnacles [7]. 
Happening on the day the Christians do not eat 
meat soon this capture became a family 
tradition in Cascais. During the morning many 
family capture lots of mussels and barnacles in 
a few hours. The results are a deep 
derangement in the intertidal ecosystem 
provoking a serious depletion of those two 
species. Since 2011 the environmental 
department of the Cascais city council launched 
a campaign named “Na Páscoa quem paga é o 

Mexilhão” (At Easter the one who pays is the 
Mussel) [8], trying to touch everyone to the 
preservation of those resources, which are 
fundamental in the biodiversity of intertidal 
area. 

 

Figure 1. Map of Study Area signalizing the local 
of surveys with arrow yellow. Source: Google 

maps (38.719367, -9.480802) 

So on the Holy Friday, from 7:00 am and 
during all morning, some people responsible for 
this campaign and some police officers go to 
the capture places to sensitize the pickers and 
subject their capture to surveillance and control. 
They explain the situation and given people a 
flyer (Fig. 3). Technical teams were also 
equipped with scales to weigh bags collected 
when in doubt. 

This year, 2015, the campaign was done 
only in the capture places and trough the local 
media. 

With this work, we aim at understanding how 
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people react to this campaign and what they 
think about it. We want also to check if the 
pickers know the legislation that regulates this 
practice. 

 
Figure 2. Pictures in the Holy Friday: Mussel´s 

and barnacle´s capture. Arrow yellow is the first 
author doing the surveys 

2. Methodology 

2.1. Surveys 

The survey was designed and pre-tested, in 
a small group. 

The survey targeting people capture 
mussels and barnacles in intertidal during the 
low tide (Fig. 2). 

The survey had five parts: 

A. Personal data 

B. Knowledge of capture habits 

C. Knowledge of the activity (legal aspects) 

D. Perception about the preservation of 
resources 

E. Evaluation of the campaign “At Easter 
who pays is the mussel” 

Figure 3. Campaign flyer “At Easter who pays is 
the mussel” 

The personal data included gender, age and 
address. 

The knowledge of capture included four 
different aspects: habits of capture, i.e. which 
specie or species they capture, if capture was 
done by hand or with the help of an instrument, 
the frequency of captures and the final 
destination of captures. 

The knowledge of the activity (legal aspects) 
included the maximum weight allowed to 
capture: 

• Mussels – 3 kg per person 

• Barnacles – 0.5kg per person, 

and the minimum length of mussel shell 
allowed which is 5 cm. 

In past when campaign was established the 
level of mussels were 2 kg and barnacles 0,5 
kg. 

To know their perception about the 
preservation of resources we asked them to 
scale between 1 and 5, according to the Likert 
scale (psychometric scale) the need of 
preservation of mussels, barnacles and 
intertidal area. 
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To evaluate the campaign “At Easter the 
one who pays is the mussel” we also used the 
Likert scale and asked them if the inspection 
methods were adequate, if they agreed with the 
campaign and if the information provided by the 
people responsible for the campaign was good. 

The results of the survey were introduced in 
the LimeSurvey programme to facilitate their 
understanding. 

2.2. Statistical treatment 

SPSS software (IBM SPSS Statistics V21) 
was used for the statistics methodology, with a 
0.05 value of significance. 

3. Results 

We did 62 surveys on the Holy Friday in the 
study area during the low tide in the morning. 
The low tide was at 08:55 a.m. 

3.1. Personal Data 

The treatment of the surveys gives us a 
universe of 78% males and 22% females. 

The age of pickers can be seen in Fig.4. 

 

Figure 4. Age of people inquired 

62% of the pickers come from different 
areas of the council (Cascais), 30% come from 
neighbouring councils (Oeiras and Sintra) and 
the other 8 % from distant places. 

3.2. Knowledge capture habits 

41% of the people inquired collect mussels, 
16% collect barnacles and 43% collect both 
species (Fig. 5). 

The answers demonstrated that 57% only 
use the hands and 43% use some instrument 

to collect the bivalves. Most of the instruments 
used are knives (56%), spatulas (28%) and 
other different instruments (16%). 

Most of the people inquired say that they 
only pick up mussels and barnacles on the Holy 
Friday (Fig. 6). 

The destination of the capture is said to be 
mainly eaten at home with family and friends 
(96.6%), while only 3.45% reveals that sell it. 

 

Figure 5. Captures ‘type 

 

Figure 6. Captures frequency 

3.3. Knowledge of the activity (legal 
aspects) 

To understand the pickers´ knowledge of 
legal aspects of the activity several questions 
were asked. 

The percentage of people who know the 
maximum weight allowed to capture was: 

• Mussels – 67% 
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• Barnacles – 48% 

As far as the existence of a minimum length 
of mussel shell is concerned, only 47% know 
that there is one and of these only 27% know 
the correct length. 

 

 
Figure 7. Preservation of species´ population 

 

 
Figure 8. Preservation of intertidal area 

 

3.4. Perception about preservation of 
the resources 

The results of inquiry about the need of 
preservation of mussels and barnacles can be 
seen in Fig. 7. 

Results about the need of preservation of 
intertidal area can be seen in Fig. 8. 

3.5. Evaluation of campaign “At Easter 
the one who pays is the mussel” 

It was inquired if they agree with this 
campaign “At Easter the one who pays is the 
mussel”. The results can be seen in Fig. 9. 

Was also asked them how would classify the 
information provided by the people responsible 
for the campaign in the captures places. The 
answer can be seen in Fig 10. 

When we asked this question most of the 
people answered that the information provided 
by the technicians was very bad but we 
realized that these people were afraid of legal 
aspects, namely being fined, and avoided those 
technicians. 

When we asked if they agreed with the 
surveillance done during this day by the 
Maritime and the City Council Police the 
answers were not consensual (Fig.11). 

 
Figure 9. Agreement with campaign 

Most of the people inquired strongly 
disagree with the actions taken by the Maritime 
police and the agents of campaign in the 
capture places. 

When they were asked to give their personal 
opinion on the subject, most of them said that 
they agree with police actions but not on the 
Holy Friday because it is a tradition and must 
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be preserved. A lot of them even said that they 
agree with police actions and they must be 
increased on the rest of the time to preserve 
the animals in the area. 

 
Figure 10. Opinion about personal information 

 

Figure 11. Opinion about control campaign 

4. Discussion 

According to another study done in the 
same council, it was verified that the long-term 
effects of the awareness campaign seem to 
have a positive trend on the average length of 
individuals (Ferreira et al., 2013) [7]. This study 
did not evaluate this aspect but the authors 
realized that people capture primarily in the 
areas where mussels are bigger. 

We also observed that some people chose 
areas with bigger mussels but ended up by 
removing all the mussels in the area, including 
the smaller ones, which then throw away. The 
same was observed by Rius and Cabral (2004) 
[2], in a study in an adjacent area. 

We believe that to increase the general 
public environmental awareness in order to 
change their behaviour towards this specific 
tradition on Holy Friday, more campaigns 

should be launched and the way the 
information is provided should be more 
diversified. One way of doing this could be 
through the students of the area by doing some 
activities with them. 

The perception of the population that 
captures mussels (Mytilus galloprovincialis) and 
barnacles (Pollicipes pollicipes) on Holy Friday 
about the damage of this activity is ambiguous. 
On the one hand, they agree that both species 
and the intertidal area must be preserved but 
on the other hand, they think that this tradition 
must continue and the reinforced surveillance 
on this day is wrong. 

A study done by Lorena et al. (2014) [9], in 
NW Atlantic coast supports the notion that 
intertidal mussels are important ecosystem 
engineers that sustain a rich diversity of 
invertebrates. Mussels provide food, space, 
and shelter for their associated community and 
so their loss due to anthropogenic impacts is 
problematic and may provide insight into 
cascading effects on associated species (Smith 
et al., 2008)[10]. 

Borthagaray and Carranza (2007) [11], have 
already stated that the richness of all macro-
faunal groups was positively correlated with 
mussel abundance. O´Connor and Crowe 
(2007) [12], referred that differences in mussel 
size structure may affect the diversity of 
assemblages associated with mussel beds. 
This may happen because their capture occurs 
mainly in areas with large mussels. So the 
preservation of mussel beds is very important. 

5. Conclusion 

We believe that to increase the general 
public environmental awareness in order to 
change their behaviour towards this specific 
tradition on Holy Friday, more campaigns 
should be launched and the way the 
information is provided should be more 
diversified. 

It is common knowledge that to modify 
attitudes a change in mind is required and that 
it is not easy especially in cases like this one. 
The ancient tradition somehow justifies the 
maintenance of the old habit and it becomes 
more difficult for people in general to assume 
the necessity of setting a limit to the capture as 
the legal regulation demands. So we believe 
that to increase the desirable change, the 
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involvement of young people such as students 
as a new target in this matter is required and it 
may be possible by doing some activities with 
them on this issue. The maintenance of the 
campaign and the involvement of students may 
settle the change on general public. 
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Abstract. Genetic transformation is a process 
by which a gene from one organism is 
transferred to another which acquires new 
genetic characteristics becoming capable of 
producing a new protein encoded by the 
transformed gene. Bacteria respond to changes 
in environmental and nutritional conditions 
efficiently by regulating gene expression. The 
Lac operon is a classic paradigm for gene 
regulation in Escherichia coli. We are 
developing easy-to-use molecular tools and 
procedures, based upon the quick genetic 
transformation of E. coli cells with a 
recombinant plasmid encoding the red 
fluorescent protein mCherry under the control 
of the Lac promoter. The influence of different 
concentrations of lactose and glucose in the 
culture medium on mCherry expression can be 
readily visualized. 

Keywords. Bacterial Transformation, 
Fluorescent Proteins. Inducible Promoters, 
Recombinant Proteins, Regulation of Gene 
Expression. 

1. Introduction 

Biotechnology has an ever increasing 
societal impact in our daily lives, requiring 
citizens to be able to understand its main 
concepts, its potential and draw-backs, in order 
to make informed decisions regarding its 
applications. 

Concerns on promoting both a proper 
understanding of biotechnology notions and 
procedures has been fostered by the inclusion 
of modern molecular biology and biotechnology 
contents in the Portuguese curricula, with an 
emphasis on the mobilization of such 
knowledge to concrete daily situations. 
Teaching programs in biotechnology rely on the 

development of innovative teaching strategies 
such as hands-on laboratory classes that 
require easy-to-use tools and procedures. 

Genetic transformation is commonly used in 
biotechnology and is a process by which a 
gene from one organism is transferred to 
another, that becomes capable of producing a 
new protein, encoded by said gene. This 
technical advance revolutionized biology, and 
allowed for biotechnological applications, such 
as the production of human insulin in bacteria. 
However, genes are not the sole determinants 
of acquired genetic characteristics. The 
influence of environmental factors in gene 
expression affects the resulting phenotype of 
an organism. Bacteria, in particular, respond to 
changes in environmental and nutritional 
conditions, by efficiently regulating gene 
expression. The Lac operon is a classic 
paradigm for the study of gene regulation in E. 
coli, and has already been used in a number of 
different teaching approaches. 

Gene expression regulation is a common 
regulatory mechanism employed by all cell 
types, for regulating metabolism, and 
maximizing efficient use of limited nutritional 
resources. It is not uncommon for cells cultured 
in nutrient-poor media to downregulate, or all-
together stop the expression of genes that are 
not required for nutrient metabolization, thus 
decreasing the rate of RNA and protein 
synthesis, both being energy-expensive 
processes. In bacterial cells, the most common 
regulatory mechanism occurs over messenger 
RNA transcription (mRNA), and such genes are 
said to be “transcriptionally regulated” [1]. 

Bacterial genes are commonly switched off 
by repressor/inhibitor proteins that bind to an 
operator DNA sequence, adjacent to the 
promoter sequence of an operon, effectively 
blocking access of the RNA polymerase to the 
DNA sequence, thus resulting in operon gene 
expression repression [2]. 

Repressor proteins are generally sensitive to 
nutrient levels, resulting in a modulatory effect 
that allows the bacterium to adjust and fine-
tune their enzyme levels and structural 
components, thus optimizing metabolic 
pathways. Bacteria, such as Escherichia coli, 
have roughly 50% of genes clustered in 
operons, and each operon encodes enzymes 
that are involved in a particular metabolic 
pathway, or interacting proteins that form 
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functional complexes [3]. These operons are 
composed by multiple individual structural 
genes, all under the control of the same 
promoter and regulatory sequences. These 
promoter and regulatory sequences regulate 
the expression of all the genes in an operon, 
which are generally transcribed as a single 
mRNA molecule [4]. 

The most commonly known operon of E. coli 
is the lac operon, a DNA segment that includes 
a promoter, an operator, and the three 
structural genes lacZ, lacY and lacA, that code 
for lactose-metabolizing enzymes. The 
promoter is the DNA sequence to which the 
RNA polymerase binds, and the operator, 
which is located between the promoter and 
lacZ gene, is the repressor binding site. This 
repressor protein is encoded by the regulatory 
gene LacI, which is located upstream of the 
promoter [1]. The Lac operon is negatively 
regulated by this repressor protein, but is 
otherwise inducible by the presence of 
allolactose, which inactivates the repressor by 
directly binding to it. Thus lactose, the 
precursor of allolactose, is an inducer molecule 
that activates the expression of the Lac operon 
[2]. 

A second level of gene regulation is also in 
place – when in the presence of glucose, which 
is used preferentially by the bacterium, the 
catabolism of other sugars is repressed, even if 
lactose is present. This type of gene 
downregulation is termed “catabolite 
repression” [3]. 

We have developed a hands-on approach 
for studying the regulation of the Lac operon in 
E. coli, visually assayed by the expression of a 
reporter protein. The DH5-α E. coli strain was 
transformed with two plasmids – the 
pBluescript SK II vector and a recombinant 
plasmid (pSK-mCherry), which contains the 
gene coding for the reporter protein mCherry, a 
red fluorescent protein [5]. The pBluescript SK 
II phagemid (Agilent Technologies) possesses 
the Lac promoter, and an N-terminal fragment 
of β-galactosidase (lacZ) gene of E. coli. In the 
recombinant plasmid pSK-mCherry, the red 
fluorescent protein was cloned in the the 
pBluescript SK II vector, in frame with β-
galactosidase, effectively creating a functional 
fusion protein under the control of the Lac 
promoter. 

The LacZ fragment present in the vector, is 

capable of complementation with a defective 
form of β-galactosidase enzyme, encoded by 
the host chromosome (mutation lacZ∆M15 in 
specific E. coli strains). Transformed bacteria 
synthesize both fragments of the enzyme, 
presenting β-galactosidase functional activity, 
which can together hydrolyse X-Gal (5-bromo-
4-chloro-3-indolyl-beta-D-galacto-pyranoside) 
and form blue colonies when grown on media 
supplemented with X-Gal. 

Observing lacZ expression tipically requires 
indirect methods, making use of chromogenic 
substrates like X-Gal and gratuitous inducers, 
such as isopropyl-beta-D-thiogalactopyranoside 
(IPTG). IPTG inactivates the lac repressor and 
is currently used to induce expression of cloned 
genes under the control of the Lac promoter 
because it cannot be metabolized, and 
therefore its concentration does not change as 
the cells grow. However, this is an expensive 
reagent and the method here developed uses 
the natural inducer lactose to control 
expression of the reporter proteins. 

Expression of both reporter proteins was 
assayed in the presence of a glucose-lactose 
mix, which allows for the visualization of 
catabolite repression and gene induction, after 
bacterial transformation. The main objective is 
to create a stand-alone laboratory activity that 
can easily be integrated in the teaching of 
biology to students of various levels, 
particularly 12th grade and higher education 
students. 

2. Materials & Methods 

2.1 E. coli Genetic Background – DH5-α 

For the incorporation and propagation of the 
recombinant DNA a single strain of E. coli was 
used – the DH5-α strain. This strain was 
selected mostly due to its high transformation 
efficiency (even for large plasmids), the high 
yield of plasmid DNA produced and the low 
level of recombination events. The DH5-α 
strain was also the most easily transformed 
bacterial strain of several tested strains (data 
not shown). 

For detecting β-galactosidase activity, the 
plasmids used must contain the lacZα gene. 
Such is the case with the pBluescript vector. 
Some bacterial strains contain the mutant lacZ 
gene, with a partially deleted sequence 
(lacZ∆M15). The strain employed in this work 
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contains such a mutation, resulting in the 
production of an inactive, truncated 
β-galactosidase enzyme. This enzyme bears 
an inactive carboxy-terminus, which can be 
readily repaired upon the expression of the rest 
of the lacZ gene – this mechanism is called 
“α-complementation”, and is very commonly 
used in molecular biology labs, for easily 
screening successful ligation of a DNA insert to 
a vector. 

For the detection of β-galactosidase 
enzymatic activity, a specific substrate is 
required – X-Gal (5-bromo-4-chloro-3-indolyl-
beta-D-galacto-pyranoside) is an inert 
chromogenic substrate for this enzyme, which 
hydrolyzes X-Gal, resulting in the appearance 
of an intensely blue precipitate which colours 
the entire bacterial colony [6]. 

Base 
Medium 

[Glucose] 
(w/v) 

[Lactose] 
(w/v) 

LB
-A

ga
r 

0.05% 

0.2% 

0.5% 

1% 

0.01% 

0.2% 

0.5% 

1% 

Table 1. Different Glucose-Lactose cocktail 
mixes were tested in order to optimize the 
macroscopic observation of the catabolite 
repression phenomenon and Lac Promoter 

Induction in a short amount of time (24-48h). The 
formulation with the most promising results was 
employed for further optimization of the Quick 

Transformation Protocol, and the X-Gal 
complementation assays 

2.2 Vector Plasmids 

pBluescript II SK is a plasmid possessing 
the β-lactamase gene, conferring ampicillin 
resistance, and a partial lacZ gene, encoding 
for the α-peptide of the β-galactosidase 
enzyme. This type of vectors are easily 
replicated in the DH5-α strain, which contains 
the chromosomal lacZ∆M15 mutation [7, 8]. 
When added to the medium, X-Gal will be 
hydrolyzed by transformed bacteria to a blue-
coloured compound. 

mCherry is a monomeric red fluorescent 
protein, capable of extremely rapid maturation. 

This allows for very fast visualization of the 
protein, after transcription is activated. Another 
added advantage, is that due to the spectral 
properties of this fluorescent protein, it bears a 
pink-reddish hue in the visible spectrum of light, 
allowing for its macroscopic observation, 
without the need for an external UV-light source 
[5, 9]. 

The pSK-mCherry recombinant plasmid has 
been previously built at our Biology 
Department, by inserting the mCherry gene into 
the MCS of the pBluescript II SK plasmid, in 
fusion with the the lacZα gene and under the 
control of the lac promoter sequence.  

2.3. Media Formulation Testing 

Different media formulations were tested for 
this practical activity. The basis for all tested 
media is the widely used Luria-Bertani (LB) 
medium, which was further supplemented with 
different concentrations of glucose and lactose 
(Table 1), in order to create an observable 
dynamics between the phenomenon of 
catabolite repression and lac promoter 
activation. Ampicillin sodium salt was always 
present at a concentration of 50 µg/mL, to 
maintain selective pressure over the 
transformed bacteria harbouring plasmids. All 
media were prepared and sterilized in a 
microwave, which is known to be as efficient as 
a normal autoclave, and is much more readily 
available in school laboratories [10]. All medium 
and bacterial manipulations were done 
according to basic sterile techniques, in the 
presence of a lit flame, which is used for both 
flaming the utilized tools, and to create an 
updraft that pushes airborne contaminants 
away from bacterial cultures and culture media. 

2.4. Bacterial “Quick Transformation” 
Protocol 

For easier application in a school setting, a 
“quick transformation” protocol was established 
for transfecting E. coli with the pSK-mCherry 
plasmid. A bacterial streak plate was 
established in standard Luria-Bertani-Agar (LB-
A) plates, overnight. A loop of this fully grown 
cell culture was ressuspended in 95 µL of 50 
mM CaCl2. We added 5 µL of plasmid to this 
cell mixture and incubated it on ice for 15 
minutes. 

The cells were then subjected to a heat-
shock, by being incubated at 42 ºC for 90 
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seconds, and then immediately transferred 
back to ice for 2 minutes. Standard LB medium 
was added to each tube (100 µL), and the cells 
were recovered at room-temperature (RT) for 
10 minutes, without agitation. The entire 
volume of cells was then plated in LB-Agar 
supplemented with 0.01% (w/v) glucose, 1% 
(w/v) lactose, and 50 µg/mL ampicillin for 
transformant selection, and incubated overnight 
at 37 ºC. 

Alternatively, LB-Agar-glucose-lactose-
ampicillin plates were further supplemented 
with the X-Gal reagent, by plating 30 µL of a 25 
mg/mL stock solution per plate. Transformed 
cells were also plated in these X-Gal+ plates, 
and incubated ON at 37 ºC, for the detection of 
β-galactosidase enzyme activity. 

3. Results 

We began this work by optimizing the LB 
media for this activity. We were particularly 
interested in demonstrating in a clear, fast and 
reproducible way the phenomena of catabolite 
repression and lac promoter induction. Towards 
this end, we tested several glucose/lactose 
cocktails in the culture medium, which resulted 
in the expected dynamics – by increasing 
glucose concentration, the expression of the 
mCherry reporter became slower and less 
noticeable, as is observable by the appearance 
of white colonies. This repression was intense, 
and for the highest concentration tested, 
mCherry expression was efficiently repressed 
even when in the presence of high lactose 
concentrations (1% w/v). For the lowest 
glucose concentration, however, we could 
observe a clear effect for lactose concentration, 
where mCherry expression became more 
apparent, with higher lactose levels (Fig. 1). 

These results led us to adopt the lowest 
glucose concentration (0.01% w/v) to highest 
lactose concentration (1% w/v) in the final 
medium. This medium was then employed in 
the optimization of the quick transformation 
protocol. We initially tried omitting both the 
heat-shock and regeneration steps. This 
resulted in a drastic reduction in the number of 
transformants per plate, with no significant gain 
in time (data not shown). The quick 
transformation protocol was also successful 
when using either freshly grown E. coli 
suspensions, or agar plate cultures. Due to the 
greater stability, of the agar cultures, and the 
need for a centrifuge, when working with cell 

suspensions, we decided to adopt and optimize 
the protocol around the transformation of 
freshly picked cells from an LB-Agar plate, 
instead. 

 
Figure 1. We supplemented LB-A media with 
different glucose and lactose concentrations 
and mixtures. The resulting expression levels 

were as expected from normal Lac operon 
dynamics – increasing glucose concentrations 
resulted in reduced levels of pink coloration, 

while increasing lactose concentrations, 
increased the pink coloration of the bacterial 

colonies. Increasing the concentration of both 
sugars simultaneously resulted in a longer time 
for the pink coloration to appear (if at all). In this 

figure, LB-A plates with transformed bacteria. 
Plates are organized by glucose concentration, 

from highest (top plates) to lowest (bottom 
plates) 

DH5-α cells transformed by this method took 
longer to develop the pink coloration associated 
with mCherry expression. This could be due to 
the uptake of less DNA molecules per cell, as 
opposed to the utilization of the ultra-competent 
bacteria generally used in standard research 
laboratories. However, 48h at 37 ºC proved to 
be enough for glucose consumption and 
mCherry expression in sufficient levels for 
macroscopic observation (Fig. 2). 

Finally, the supplementation of the LB-Agar-
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glucose-lactose plates with the X-Gal reagent, 
resulted in the development of a blue coloration 
of freshly transformed cells with the empty pSK 
vector. However, X-Gal supplementation and 
degradation of E. coli transformed with the 
pSK-mCherry recombinant plasmid resulted in 
the accumulation of both the pink and blue 
signals simultaneously (purple colonies) (Fig. 
3). 

4. Discussion 

Lac promoter-driven gene expression 
generally requires both the absence of glucose, 
and the presence of lactose, to reach high 
levels. There are two regulatory proteins 
involved in this process: catabolite activator 
protein (CAP) and Lac repressor (LacI). In this 
work, we have come up with a media 
formulation capable of showing the 
phenomenon of “catabolite repression”, which 
results in the inhibition of the Lac promoter, in 
the presence of glucose. Supplementation of 
the media with the lactose sugar resulted in an 
observable dynamics of catabolite repression 
vs promoter induction, which could be 
visualised by the pink coloration of the bacterial 
colonies, caused by mCherry expression and 
accumulation inside the cells. 

When lactose is present in the bacterium’s 
environment, allolactose is produced, which 
binds to the LacI repressor, inhibiting its 
association with the promoter region, therefore 
releasing the physical space required for RNA 
polymerase to bind to, and transcribe the Lac 
operon. By contrast, when both glucose and 
lactose are present in the medium, a second 
type of control mechanism, termed “catabolite 
repression”, acts to prevent lactose 
metabolism. The Catabolite Activator Protein 
(CAP) forms a complex with cyclic AMP 
(cAMP) that activates transcription by 
increasing the affinity of the RNA polymerase 
for the lac promoter. The lac operon is 
positively regulated by cAMP and the CAP 
protein. In the absence of glucose, the cAMP 
concentration is high and binding of CAP-cAMP 
to the DNA significantly activates transcription 
by increasing the affinity of the RNA 
polymerase for the lac promoter. In the 
presence of glucose, a more preferable energy 
source, cAMP is low, and thus cAMP-CAP 
does not bind to the CAP site, resulting in a 
diminished affinity of the RNA polymerase for 
the lac promoter. 

 

Figure 2. DH5-α cells transformed with the 
recombinante pSK-mCherry vector, when plated 
in selective media supplemented with glucose 

and lactose, appear initially as white-cream 
colonies, after ON incubation at 37 ºC (A). A pink 

coloration of the bacterial colonies becomes 
increasingly apparent with further incubation of 

the plates at 37 ºC, with some colour being 
observable at 24h (B), and an obvious coloration 

at 48h (C) 

Through this mechanism, the cell is capable 
of measuring the presence and concentration 
of glucose, further inhibiting the transcription of 
the lactose metabolizing enzymes [1, 3]. 

A

B

C
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Figure 3. Supplementation of the culture 
medium with X-Gal. For cells transformed with 

the recombinant pSK-mCherry plasmid, this 
media resulted in the combined expression of 
both reporter proteins, as a single molecule. 

Colonies are initially white, after ON incubation 
(A), the signal becomes faintly detectable after 

24h of incubation (B). The simultaneous 
appearance of a pink and a blue coloration 

superimposed in the same colony, gives it a 
purple appearance after 48h at 37 ºC (C) 

Iisopropyl-beta-D-thiogalactopyranoside is 
the most commonly utilized Lac promoter 
inducer, since this synthetic lactose analog is 

both a potent inducer and is not metabolized, 
its concentration remaining constant over time. 
This reagent is expensive however, and being 
a synthetic analog, many students find 
themselves struggling to associate its function 
with that of the inducer molecule. For these 
reasons, we have resorted to using lactose as 
the inducer, and have formulated a glucose-
lactose supplemented LB-A medium, capable 
of both rapid and reproducible 
repression/induction of the Lac promoter. 

By further complementing the culture media 
with the reagent X-Gal (5-bromo-4-chloro-3-
indolyl-beta-D-galacto-pyranoside), the enzyme 
activity of the reconstituted β-galactosidase 
enzyme also becomes macroscopically 
observable. This enzyme degrades X-Gal into a 
blue-coloured precipitate, thus resulting in blue 
bacterial colonies. This mechanism is 
commonly utilized in research laboratories for 
easily detecting bacteria transformed with 
empty vectors, and is termed 
“α-complementation”. In our work, the mCherry 
cDNA was ligated upstream and in frame with 
the vector’s LacZ gene. In practical terms, we 
have created what is called a “chimaera”, or 
“fusion protein”, in which two different proteins 
are synthesized as one (in this case an 
mCherry-β-galactosidase fusion protein). 

Both the mCherry and β-galactosidase 
remain functional in this fusion protein, and 
thus, both the pink and blue coloration develop 
simultaneously in the most complex media 
formulation tested (LB-A-glucose-lactose-X-
Gal). This resulted in the appearance of lilac 
colonies, as opposed to the pink (mCherry 
only) or blue (β-galactosidase only) colonies. 
This particular characteristic allows for this 
activity to become very versatile for the 
teaching of biological concepts that range from 
basic notions of DNA and bacteria, the uptake 
of exogenous DNA by bacterial cells (genetic 
transformation, and transgenics), up to notions 
of fluorescent protein technology and fusion 
proteins, which are generally topics explored in 
a University setting. 

5. Conclusion 

We were successful in designing a simple 
and reproducible experimental setting for the 
genetic transformation of E. coli with a 
recombinant vector, containing an mCherry-β-
galactosidase marker. 

A 

B 

C 
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Different media formulations, in which the 
concentrations of glucose, lactose and X-Gal 
vary, allow for the macroscopic observation of 
several biological phenomena: 1) catabolite 
repression, 2) Lac promoter activation, 3) 
enzymatic degradation of a colourless 
substrate into a blue-coloured precipitate, and 
4) a functional fusion protein. 

For these reasons, we are confident that this 
activity will prove to be an invaluable tool for 
the teaching of biology to students of very 
various levels, but particularly at a high-school 
to University setting. 
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Abstract. The way in which, traditionally, 
sciences have been taught in primary school 
has not allowed for the integrated use and 
development of the knowledge and skills 
acquired in the different curriculum areas. 
Therefore, it is necessary to promote a science 
teaching and learning process that encourages 
and enables the use of that knowledge in the 
context of different situations that are 
meaningful and relevant for children. With this 
goal in mind, this article seeks to illustrate, 
through the analysis of the process of 
exploration of the activity "Do snails prefer 
cabbage or lettuce?", which was conducted 
with a class of the 4th year of primary school, 
that research-based science activities enhance 
the integrated and meaningful use and 
development of knowledge and skills from other 
curricular areas, especially language and 
mathematics. 

Keywords. Inquiry activity, Integrated and 
interdisciplinary approach, Science Education. 

1. Introduction 

The lack of time to complete curricular 
programmes has occasionally been employed 
as a justifying argument for the low level of 
commitment towards science teaching in our 
primary schools. Behind this argument lies the 
idea that there are priority skills, such as 
reading, writing and calculus, which are subject 
to assessment tests at the end of each primary 
school year, which are negatively affected 
when other curricular areas are addressed in 

the classroom [1]. 

From a different perspective, Costa [2] 
points out that the way practical science 
activities have been conducted in the 
classroom indeed constitute a waste of time. 
He argues that, most of the times, these are 
used merely as an illustrative resource for what 
was transmitted by the teacher. In that case, 
“all of the discipline's potential for the 
development of transversal and specific skills is 
lost. This is why teachers say that these 
activities "waste a lot of time", which is actually 
true because of the way they are used” [2, p. 
34]. Indeed, when these activities are used in 
this way, the student takes on a passive role, 
fundamentally limited to the accumulation of 
knowledge. Learning loses relevance, and its 
personal and social use becomes ineffective. 

Practical and investigative science activities 
provide a privileged context for the meaningful 
use and integrated development of the 
knowledge acquired in those curricular areas 
[4, 5]. Several authors argue that basic reading, 
writing and calculus skills are better developed 
when contextualised into other curricular areas 
and used as instruments at the service of those 
areas [1, 4, 6]. The recommendations that 
resulted from an expert meeting on science 
teaching in primary school, promoted with the 
endorsement of UNESCO in 1983, stated that: 
“Science can positively assist children in other 
subject areas, especially language and 
mathematics” [7, p. 7]. 

The understanding of numbers, orders of 
magnitude, mediation processes, etc. is 
considerably developed and reinforced when 
children apply those mathematical notions to 
the resolution of problems that emerge from 
Science activities. Similarly, these activities, 
when conducted in an environment of freedom 
of communication and respect for the opinions 
of others, give rise to situations that stimulate 
children to talk, communicate and discuss 
ideas, to describe, interpret, present and 
discuss the result of observations; they learn 
and use new, more suitable words to explain 
and organise their own ideas; elaborate written 
records, etc. [1, 4, 8]. Children feel a natural 
impulse for communication when they are 
engaged in learning experiences that are truly 
meaningful for them [1]. 

Children who are usually shy and/or show 
little interest become quite active and 
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communicative during the development of this 
kind of activities. From an identical perspective, 
Worth [8] points out that the students' linguistic 
skills are clearly developed when practiced 
within an appealing and significant context. 
Such a context is offered by the practice of 
inquiry-based science teaching, which 
promotes vast opportunities for students to 
become involved in the significant use of 
language. We agree with Sanmartí when he 
states that to, in order to learn Science, it is 
necessary that children: “(…) enjoy learning 
how to think, create theories, relate facts with 
those theories... And learn to talk, read, write, 
build charts and schemes... In other words, 
when they learn science, they learn to use 
language and mathematics” [9, p. 14]. 

Moreover, science learning must emphasise 
the establishment of links to other curricular 
knowledge, in contexts that are meaningful for 
students. This emphasis is consistent with the 
philosophical enquiry of the curriculum 
supported by Fisher: “The philosophical 
approach can enrich science not only through 
planning and review stages, but also in bridging 
science activities to other elements of the 
curriculum and to the world of everyday 
experience. Without this bridging or linking to 
meaningful activity in everyday life science will 
seem to have limited relevance, and instead of 
being something that helps children to make 
sense of their world will simply remain an 
imposed body of knowledge” [10, p. 200]. 

2. Objectives 

The traditional way in which sciences have 
been explored with primary school children 
tend to discourage the integrated use and 
development of the knowledge and skills 
acquired in the various curricular areas. 
Therefore, it is necessary to promote a science 
teaching and learning process that encourages 
and enables the use of that knowledge in the 
context of different situations that are 
meaningful for the children. To this aim, this 
article seeks to illustrate, through the analysis 
of the process of exploration of the activity "Do 
snails prefer cabbage or lettuce?", that inquiry 
activities entail the use of, and enhance the 
integrated development of knowledge and skills 
from other curricular areas, particularly 
language and mathematics. 

 

3. Context of the practice and 
methodological options  

In a 4th-year class of a Portuguese primary 
school, comprised by twenty-five students, 13 
boys and 12 girls, aged 8 to 9 years, several 
inquiry activities were explored by the two 
primary school teachers who co-author this 
article. In the classroom, the two teachers 
collaboratively and simultaneously took the 
roles of teachers and researchers. One of the 
activities was aimed at investigating the food 
preferences of snails, i.e., whether they prefer 
cabbage or lettuce. This activity was designed 
by Sá [1] and it aims at developing animal 
study skills, by means of systematic 
observation in controlled conditions by the 
students. According to the author, the snail is 
an excellent subject for study in the classroom: 
it is a friendly animal that children like; it is 
harmless; it is small; its mobility is very limited, 
so it can be observed slowly and carefully. 

The data generated during the process of 
exploration of the activity in the classroom was 
collected in the form of field notes, audio 
recordings, pictures and records kept by the 
students, e.g., drawings and small written texts. 
This data was subsequently compiled in the 
form of class diaries - descriptive and reflective 
narratives on the most important events that 
took place in the classroom setting. The class 
diaries constituted both a data recording 
method and a strategy for reflection and for the 
modelling of the teaching-learning process [11]. 
It is based on the analysis of the diary on the 
activity "Do snails prefer cabbage or lettuce?" 
that this article presents the process of 
teaching and learning promoted in the 
classroom. 

4. Analysis of the classroom diary 

Divided into small groups, students identify 
the basic aspects of the external morphology of 
the snail and investigate its food preferences - 
whether it prefers cabbage or lettuce. 

A. They communicate what they know about 
the snail. 

The students' initial knowledge focuses 
mainly on the external characteristics of the 
snail and on some of its behaviours: "it has a 
shell"; "it moves very slowly"; "it's sticky"; "it 
leaves a trail"; "it's got 'tiny horns', which are its 
eyes"; "its shell is brown and black"; "its shell is 
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soft for us if we step on it, but for other animals 
it's hard, and can serve as protection (Fábio); 
"when they're scared they get inside it; "only 
when something hurts it" (Joana G.). 

B. The groups observe the snail. 

Each group is provided a snail inside a glass 
jar. Students observe the characteristics 
pointed out above and discover others, such as 
the respiratory hole located beneath the shell, 
and infer on its function: "I saw a hole, it must 
use it to get into the shell!" (Joana); "the hole is 
to let air in" (Inês); "it's for breathing"; "it's on 
the left side (Sofia)." 

Figure 1. Observing the snail 

C. How does the snail move around? 

Students visualise muscle contraction waves 
occurring on the underside of the snail's foot, 
as it moves inside a glass jar: "it has no legs" 
(Patrícia); "it moves in waves" (Gonçalo); "we 
can see some lines under it" (Sérgio); "the lines 
are moving". "The lines are on the foot and it 
looks like they go from one side to the other" 
(Fábio); "it's sticky and it shrinks and stretches" 
(Joana); "it leaves a trail when it moves, and 
when you pick it up, it shrinks into its shell 
(Inês)". 

D. The students make a drawing with 
captions.  

After some discussion, some scientific 
information is inevitably provided on the 
functions of some of the snail's external 
structures. At the end, the students make a 
drawing with captions containing this 
information. 

E. What does the snail feed on? 

The first answers include "grass" or 
"vegetables". However, when asked about what 
type of vegetables, they mention "cabbage" 

(Guilherme) and "lettuce" (Carolina). Among 
these answers, there were those who raised 
the fact that the snail it is a "herbivore" (João). 

Figure 2. Observing the muscle contraction 
waves 

Figure 3. Drawing of the snail with captions 

F. They investigate the snail's food 
preferences. 

The groups are now given the following 
challenge: "Does the snail prefer cabbage or 
lettuce?" To solve this problem, they discuss a 
research strategy, among themselves and with 
the teacher: 

o Students make predictions. 

The class is asked to make predictions 
about the snail's favourite food. Most 
students predict that the snail will prefer 
cabbage (84%), while a minority says it 
will prefer lettuce (16%). The predictions 
are recorded in a table. 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 
 

127 

 
Figure 4. Record of predictions 

Figure 5. Graphic representation of the 
predictions 

o The children prepare a bar graph. 

The students prepare a bar graph with 
the data from the previous predictions. 
They count and calculate the difference in 
the predictions between the vegetable 
with the highest and lowest frequency - 
"seventeen" (Inês). 

o Each group builds a terrarium. 

For the construction of the terrariums, 
students suggest the following materials: 
"earth" (João R.), "food" (Bruno) and "a 
box to put the snails in" (Inês). When 
asked about the type of "food," students 
refer "cabbage" and "lettuce", as the goal 
is to investigate which of these 
vegetables is preferred by the snail. 

o Students measure the initial 
amount of food to put in the terrarium. 

The children answer the question: how 
will we measure the amounts of lettuce 
and cabbage eaten? The answer to this 
question implies that students know of a 
method of measuring the amount of food, 
so that, after a few days, they can find out 

whether the snail prefers cabbage or 
lettuce. In the absence of ideas from the 
students, the teacher shows a sheet of 
squared paper as a way to catalyse the 
students' thought process and mobilise 
knowledge previously acquired in other 
curriculum areas - calculating areas 
through grids. The idea then arises to 
outline the leaves of cabbage and lettuce 
on the square paper in pencil: "we can 
draw and then count the squares, before 
and after (Guilherme). 

 

Figure 6. Illustrative example of a terrarium

The amounts of vegetables eaten are 
given by the difference between the 
number of initial squares and the number 
of squares remaining after two days. 

o They count and record the initial number 
of squares. 

After outlining the leaves of cabbage and 
lettuce, the students count the initial 
number of complete squares. Incomplete 
squares are obtained by approximation. 
At the end, the leaves are placed in the 
terrariums along with the snails. The 
terrariums are then covered with 
perforated lids so that the snails cannot 
escape. 

G. After two days, they calculate the amount 
of food eaten by the snail. 

The groups use the same square-based 
measuring process and record the data in a 
table. Taking the initial and final number grid 
cells, each group calculates the amount of 
lettuce and cabbage eaten by the snail after 
two days, using the grid as a unit of measure. 

Taking the data obtained in all the groups, 
the students calculate, on the classroom board, 
the average amount of food ingested by the 
animal during the two days it spent in the 
terrarium. They obtained the following average 

Damp paper 
napkin

Perforated lid
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results: lettuce 15.5 squares; cabbage 6.25 
squares. 

 

 
Figure 7. Measurement of the initial leaf area 

and their placement in the terrarium 

 

Figure 8. Records prepared by the groups 
(in portuguese) 

H. They interpret the data and draw 
conclusions. 

The results obtained are not identical in all 
groups. In three of the groups, the snail ate 
more lettuce, whereas in one group, it ate more 
cabbage. However, because the investigation 
was carried out in 4 groups of students and, 
therefore repeated four times, it was possible to 
conclude, with reasonable credibility, that snails 
prefer lettuce, as, in the vast majority of cases, 
throughout the two days, they ate a greater 
number of squares of lettuce.  

I. Illustrated record of the activity 

By way of a summary, the students wrote a 

short, illustrated text on the activity and on their 
main learnings. 

Figure 9 Illustrated text on the activity 

With contributions from the various 
individual texts, the following collective text was 
prepared: 

Snails 

"Snails are animals that have tentacles on 
their head". "At the tips of the longer tentacles, 
are their eyes". "The bottom tentacles are 
smaller and they smell through them". "Their 
shell is hard ... it serves as protection!" We also 
found that they have a very tiny mouth". "It also 
has a hole to breathe through". It produces a 
goo to slide over and makes little waves on the 
underside of its foot". "Snails are oviparous 
animals". "Between cabbage and lettuce, the 
food they prefer is lettuce.” This was what we 
saw in the experiment we conducted in class". 
"In that experiment, we built a little house for 
the snail". "What we observed was that it eats 
both cabbage and lettuce, but prefers lettuce". 
"We enjoyed this lesson very much". 

5. Final considerations 

Sciences are an area of knowledge that is, 
by nature, interdisciplinary, enabling the 
establishment of relevant links to other fields of 
knowledge. When properly explored in the 
classroom, science activities entail the use of, 
and at the same time, enhance the 
development of knowledge from other curricular 
areas, especially language and mathematics. 

Currently, there is wide recognition of the 
importance of language in science learning as 
a tool for communication and joint construction 
of scientific meanings [12,13,14,]. In the 
teaching and learning process previously 
described, the children, in a context of social 
interaction, resort to the use of language to: a) 
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communicate and discuss their initial 
knowledge on the snail with their classmates; 
b) record, in writing, and orally communicate 
the details of their observations; c) describe, in 
their own words, some of the structures 
identified in the animal's body; d) share their 
inferences on the functions of some of those 
structures; e) learn and use new words, such 
as "tentacles", which they previously referred to 
as "tiny horns"; f) describe the snail's mode of 
locomotion and its reactions to certain external 
stimuli; g) communicate their predictions on the 
snail's favourite food to the class; h) discuss, 
with each other and with the teacher, a 
research strategy to obtain an answer on 
whether the snail prefers cabbage or lettuce; i) 
record their predictions; j) organise and record 
written and pictorial information obtained on the 
problem being investigated: l) prepare and 
communicate their findings; m) prepare an 
illustrated written text of the activity performed 
in the classroom, based on the individual texts 
produced. 

All this discursive activity is generated in the 
classroom as a result of a learning process in 
which children are deeply involved and, 
therefore, their oral and written communication 
skills are developed in a more natural way. 
According to Vygotsky [15], written 
communication, for example, must be felt by 
the child as an inner necessity, in the context of 
meaningful and relevant activities. In this 
regard, Sá [1] points out that, for many children, 
writing an essay on the Sun, for example, is a 
painful and most likely unsuccessful task. But 
writing a story about a snail that they observed, 
describing the procedures they used in order to 
find out whether it prefers lettuce or cabbage, is 
talking and writing about a very intimate 
experience, in which there is effectively a 
personal and intellectual involvement by the 
children. 

During the execution of the research 
strategy, in order to solve the problem with 
which they were confronted ("does the snail 
prefer cabbage or lettuce"?), the children, 
stimulated by the actions of the teacher, in 
addition to a whole set of mental processes, 
also activate and mobilise knowledge from the 
field of mathematics, namely: a) they organise 
the data on the predictions made in a two-way 
table; b) with this data, they build a bar graph; 
c) they interpret the information contained in 
the graph and calculate the difference between 

the vegetables with the highest and lowest 
prediction frequency; d) they measure the area 
of pieces of cabbage and lettuce leafs using a 
square grid; e) they count the total number of 
squares at the beginning and end of the study; 
f) they calculate the amounts of food consumed 
by the snail, taking the difference between the 
initial and final number of squares; g) they 
calculate the average amount of food ingested 
by the animal, using the data obtained by the 
various groups of students. 

Learning sciences in this way promotes the 
mobilisation and the contextualised 
development of knowledge acquired in other 
curricular areas, as, according to Perrenoud 
[16, p. 32]: ‘Classic school exercises allow for 
the consolidation of the notion and the 
algorithms of calculus; it does not work on 
transference. (…) Frequently, the fundamental 
notions have been studied in school, but 
removed from any context. They are, therefore, 
a "dead letter", like fixed assets with which we 
cannot make informed investments’. 

The mobilisation and use of all these 
knowledge and skills constitute important 
resources for the process of building scientific 
meanings, which, in turn, are particularly well 
developed when contextualised within concrete 
situations that have a deep meaning for the 
students, as can be the case with science 
activities. Therefore, in order to ensure a 
genuine understanding of the contents of the 
various fields of knowledge, these must be 
meaningful for students. It is sometimes argued 
that, as students advance in school years, they 
lose the abilities of writing, reading and 
calculus. In this regard, Gardner [17] points out 
that students ‘do not lose those abilities, but 
rather the opportunity for productive use in 
meaningful contexts for them’. 

Inquiry activities, such as the one described 
in this article, can favour the development of an 
integrated pedagogical practice, where the 
different areas of curricular knowledge become 
relevant and meaningful for the children. The 
goal is, therefore, to promote a practice that 
encourages and enables the mobilisation of 
these resources and knowledge within 
concrete, contextualised situations that have a 
deep meaning for children. However, the 
mobilisation of knowledge does not occur 
automatically, it is acquired by the exercise of a 
reflective practice in situations that allow for the 
mobilisation, transposition and combination of 
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knowledge [16]. It is that contextualised 
reflective action in concrete situations that 
imparts meaning and relevance to curricular 
knowledge. 
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Abstract. In the 1st Cycle of Primary 
Education at the University of Madeira, 
preservice teachers have different courses 
including Portuguese and Natural Sciences. 
Education in Portugal from primary school to 
university level follows a unitary pedagogy 
circumscribed to every discipline rather than a 
global approach. We believe this pedagogic 
approach could benefit from an entirely 
different organization in which, instead of 
having a fragmented program, would have, 
when possible, pedagogical proposals and 
knowledge together. We demonstrate the 
usefulness of this interdisciplinary approach, 
bringing together two areas of knowledge 
(Syntax and Biology) that generally consider 
themselves apart, but that have much to give 
each other for the benefit of students and pupils 
at primary schools. 

Keywords. Syntax, Biology, Laboratory 
Notebook, Pedagogy, Preservice teachers. 

1. Introduction 

In the occidental contemporary education 
systems like the Portuguese, it is common to 
separate, from elementary to higher education, 
Science teaching from Arts and Humanities 
education. However, in the past, as, for 
instance, was stated by the philosopher 
Anselmo Borges [1], these two branches of 
knowledge were together. This may explain 
why, presently, most science students never 
interconnect these two areas of knowledge and 
believe that what they learn when studying 
language like Portuguese is not useful and 
important for learning Sciences. The opposite is 
also true for students interested in Humanities. 
For instance, in the elementary school lessons 
in mother language, students develop writing 
and reading skills that have to be used in 
Science lessons but they rarely joined 
knowledge of both. In a different sense, but 
perhaps with the same purpose, the authors of 
“New Directions in Language and Science 
Education Research” [2] show the relevance of 
writing in school science lessons. These 

authors focused their research on Higher 
Education students and, showed, indirectly how 
important is to write well -syntax knowledge- 
and to write in Science research: 

“Writing is an essential feature of all 
science- related endeavors, such as health 
care, agriculture, computing, and engineering, 
as well as the work of professional scientists. 
Practitioners of science regularly write in a 
variety of forms including personal notes, 
memos, diagrams, graphs, grant proposals, 
and reports. Effective use of different writing 
forms to address specific purposes with various 
audiences is part of the fundamental sense of 
science literacy in which students are expected 
to «become competent at communicating 
experimental methods, following instructions, 
describing observations, summarizing the 
results of other groups, and telling other 
students about investigations and 
explanations» (National Research Council, 
1996, p. 148). Writing in science classrooms 
serves two primary learning purposes: 
enculturation of learners into the discourse 
practices (genre perspective) and personal 
engagement of learners (diversification 
perspective)” 

At the “Concluding remarks” [2], these 
authors explain: 

“A growing number of science educators are 
now aware of the importance of the research 
being conducted by colleagues in the language 
and literacy research community. The Island 
Conference (funded by the National Science 
Foundation, Iowa State University, and the 
University of Victoria and attended by cognitive 
scientists, literacy researchers, science 
educators, and graduate students from 
Australia, Canada, Italy, the United Kingdom, 
and the United States) focused on linking these 
researchers, enculturating the next generation 
of researchers, and generating a number of 
issues and controversies for future literacy and 
science education research, teacher education, 
and classroom practice.“ 

Science students, as well as preservice 
school teachers, need to be proficient in their 
mother tongue or another language they want 
to use, especially when they have to 
communicate the results of their research. 
Regarding, the mother language, school 
teachers need to understand the language per 
se to teach children to write and read. 
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However, on pursuing this goal, teachers often 
separated language from science lessons. 

The origin of this dual conception of 
knowledge is probably related to the curricula 
promoted by the national educational systems 
that separate lessons of Science from Art and 
Humanities. In Portugal, after completing the 
first nine school years of elementary education, 
students have to choose between Humanities 
and Sciences. However, at the primary school, 
during the four first years, children have the 
same teacher for Portuguese, Natural 
Sciences, History and Mathematics. Thus, the 
teacher can construct and promote a unitary 
vision of knowledge. In contrast, when students 
have separate lessons for different disciplines 
and use different textbooks, the knowledge 
become fragmentized. Why this does happen? 
Perhaps it is because the university curricula 
for teacher education have separated all these 
subjects. Once a student becoming a teacher, it 
is likely he reproduces the same method, 
switching from one subject to other using 
different textbooks. This common trend occurs 
also at the University of Madeira (UMa), in the 
undergraduate and master of teacher 
education. Here students have different 
courses including Portuguese (Basic Syntax: 
Portuguese III) and Natural Sciences 
(Environmental Studies IV - Biology). In the 
course of Portuguese they learn the language 
using often literary texts but the scientific 
discourse is not analyzed. Similar guidelines 
are evident, for instance, in the National 
Reading Plan (“Plano Nacional de Leitura”) that 
recommended essentially literary books for 
children to read. 

As a result of this, it is common that the 
language subjects such as Syntax and Natural 
Sciences as Biology never connect together. Is 
it possible to teach language using scientific 
texts? Primary school children can learn and 
improved knowledge from these two different 
areas at the same time, but, for this, preservice 
teachers need to consider this learning 
conception. For instance, when a child 
describes a butterfly in his science lessons, he 
is improving also writing and he also needs to 
use syntax. What a child learns about sentence 
structure in his mother tongue will be necessary 
for his writing practice in natural sciences. 
Therefore, it will be important to find a way to 
put together knowledge of Sciences and 
Humanities that promote meaningful learning. If 

the teaching strategy is useful the same text 
can be used for teaching language and many 
other scientific matters such as Physics, 
Chemistry or Geology. 

Undergraduate students, future teachers, at 
the University of Madeira, in the course of 
Portuguese III, enhanced their knowledge of 
Syntax, through literary texts. In the 
Environmental Studies IV (Biology) course, 
they conceive a laboratory notebook in which 
students describe observations and report the 
experimental activities performed in the 
laboratory lessons. Can students, future 
teachers, take advantage of notebooks to learn 
and teach Portuguese, namely syntax? From 
our point of view, this not only is possible but 
desirable. We propose to demonstrate that 
such an interdisciplinary approach, bringing 
together two areas of knowledge, often 
considered unrelated, can benefit both, 
preservice teachers and elementary students. 
Our purpose was to understand the opinion of 
future primary school teachers concerning the 
use of science texts to teach Syntax to children. 
Specifically we wish to know what students 
prefer most, scientific or literature texts, and 
which think to be the best for this purpose. 

2. Laboratory notebook 

The guidelines for science teaching in 
elementary school suggest that children should 
have specific science skills. It has been 
stressed the need for teachers to be able to 
guide students in conducting science 
investigations. However, to implement these 
new science curricula, school teachers should 
have competences in experimental science. An 
essential part of science learning is to 
communicate the results of observations and 
findings. Thus, writing a laboratory report is 
regarded as an important part of teacher 
education. In the course on Environmental 
Science IV (UMa), notebooks were used as a 
pathway for students to learn through an 
inquiry-based method. In this course students 
have to write up a laboratory report of each of 
the 12 lab sessions performed during a 
semester. At the beginning of the semester, 
future teachers were given the guidelines to 
prepare individual lab reports and an evaluation 
grid with the items that will be assessed: 
question to be answered, objectives, 
hypothesis, materials, methods, procedures, 
results, discussion and conclusion. The 
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procedures developed during lab activities 
included mainly descriptions, comparisons, and 
inquiry-based science investigations. 
Notebooks were prepared during lab activities 
and remained in the lab after the lessons. 

Figure 1. The text A (laboratory notebook) 

Figure 2. The text B (children’s literature) 

3. Methodology: the test and the 
questionnaire 

In the course of Portuguese III at UMa 
students learn Syntax. At the end of the 
Portuguese III course, during the lesson period, 
students were asked to answer a questionnaire 
and an elementary syntax test on two different 
texts: a science (A) and a literary (B) text. The 
questionnaire aimed to evaluate the students’ 
opinion on the use of the two texts to teach 
syntax. The test evaluated their knowledge on 
syntax and verified in which of the two texts (A 
or B) students had more difficulties in the 
analysis. 

3.1. The test 

The test consisted of four syntax questions 
on two texts excerpt (A and B). Text A was an 
extract of a laboratory student’s notebook 
performed in the course of Environmental 
Sciences IV (Biology) by a student of the 

teacher education course. This text described 
the characteristics of a sea sponge observed 
during laboratory lessons. The students were 
informed that the text A was produced by a 
student of the teacher education course. The 
text B was an extract of a literary book, A 
Menina do Mar written by Sophia de Mello 
Breyner Andresen [3], a Portuguese Children’s 
literature writer. This book is used to study 
language in the Portuguese III classes. In this 
book, by means of poetry, a little boy explains 
in his words to a new friend how the wine is 
made and its flavor is. This book and the text 
extracts were chosen randomly. 

In the test questions, the students have to 
identify all the sentences, to count them, to 
classify the structure of the sentences into 
simples or compound/complex (“complexas”), 
to identify the sentence clauses and the subject 
and predicate in all. 

3.2. The questionnaire 

The questionnaire consisted of seven 
questions, four related to the students 
identification (sex, age, nationality, name and 
year of the studied course) and three critical 
thinking questions about the students opinion 
on which of the two texts was the best to teach 
syntax to children. The first of these three 
questions aimed to know which of the two texts 
was considered easier to analyze by students 
and why they believed to be less difficult. The 
second question inquired students what of the 
two text types would prefer to teach Portuguese 
Syntax to 8 and 10 years old children. The last 
question asked students whether they believe 
that textbooks of Environmental Sciences 
(“Estudo do Meio”) could help elementary 
school children to study Portuguese language. 
In the three questions students were asked to 
justify their answer. The results presented here 
include the analysis of the responses to all 
questions except the last question of the test. 

4. Results and discussion 

4.1. Answers to questionnaire 

As whole 46 students -one male and 45 
females- answered the test and questionnaire. 
The student group inquired was rather 
homogeneous concerning age and professional 
experience. About 50% of students were below 
their twenties, about 43% were between 21 to 
29 years old and 7% where in their thirties or 
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older. Most of them had no professional 
experience in teaching. Many were full time 
students from Madeira (85%). 

About half of students (57%) considered the 
literature text (B) the easiest to analyze. They 
argued that the literature text was easier 
because the boy and girl in the story used 
simple vocabulary commonly used by children. 
In contrast, 39% of the students selected the 
science text as the easiest (Fig. 3). 

Figure 3. Number of students that answer to the 
question: which of the two texts (A or B) is 

easier for syntax analysis? 

When students were asked which of the two 
texts would prefer to teach Portuguese to 8-9 
year old children, 67% of the students said that 
would prefer the text B (literature) (Fig. 4). Of 
all students, only 22% select text A which 
reveals a growing interest in using other texts 
rather than literature ones. The remaining 7% 
believed that both texts can be used to teach 
Syntax. However, despite being 29% a small 
percentage, such positive trend towards 
science texts, is a surprising result taken into 
account that Portuguese language is taught 
almost exclusively based on literature texts 
from Elementary to Higher Education. 

The last question concerning whether 
students would prefer to use natural science 
textbooks, particularly excerpts of biology, to 
teach syntax to children in the future, 77% of 
the students believed that science texts 
represent a good resource to teach syntax to 
children (Fig. 5). Only 4% of the students 
believed that scientific texts are useful to teach 
syntax but not all scientific texts. These results 
are important to understand the student’s 

perceptions of who are preparing to be 
teachers at children level education. 

Figure 4. Percentage of answers to the question: 
which type of text (A or B) would you prefer to 

teach syntax to children? 

Figure 5. Percentage of answers to the question: 
Do you believe that environmental science 

textbooks could help elementary school children 
to study of syntax of Portuguese language? 

4.2. Answers to the tests 

From the answers to the first question: How 
many sentences there are in texts A and B? it 
was found that all students analyzed correctly 
the text A but not the text B. The results 
revealed that students have more difficulties to 
analyze the syntax of text B than text A. They 
identified 8 sentences in each text. However, 
because of direct speech, text B has two 
additional embedded sentences (“frases 
encaixadas”) [6] not recognized as such by 
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students. Thus, while the text B has 10 
sentences, the text A has only 8 (Tab.1). In this 
case, most students fail to analyse direct 
speech correctly. Almost all students (45 of 46) 
failed to identify the number of sentences of 
text B while 95,6% of the them identified 
correctly those of text A (Fig. 6). 

Figure 6. Number of wrong and correct 
sentences identified by students in text A and B 

Although most students believed that the 
literature text was easier to teach syntax to 
children (Fig.3). Text B was more difficult for 
them, regarding the identification and the 
counting of the sentences. Almost all students 
(45) gave a wrong answer to this question. No 
student was able to identify the embedded 
sentences or count them correctly. The way in 
which direct speech is written, makes often 
difficult for the students to perform syntactic 
analysis. For instance, in the excerpt “– É muito 
encarnado e muito perfumado – disse ela.”, if 
we think about who is speaking, we see that 
there are two persons involved: one is the 
narrator, who tells what the little girls says, and 
the other is the little girl herself. This explain in 
part why in this case we should considered two 
sentences instead of one. 

Teachers need to know how to analyze 
direct speech because children have to learn its 
syntax. The guidelines for the Portuguese 
language at Primary School level give 
relevance to listening, speaking, reading, 
writing and grammar. Elementary Syntax is part 
of grammar content. For instance, children 
need to understand what is a “sentence” and 
for this grammar books are essential tools for 
teachers. In the Portuguese III course, students 

are recommended to read many syntax studies 
and use, at least, two different grammars [4] 
and [5]. Children have to know a simple 
definition of sentence: it is a sequence of words 
that is complete in itself. But they have to be 
able to identify them. Thus, they need to know 
that simple sentence contain one subject and 
predicate and convey a statement, a question, 
an exclamation, or a command. Many times, a 
sentence has two or more clauses or phrases. 
The sentence is the unit of the text. When it is 
written, it begins with a capital letter and finish 
with a full stop, but it can be replaced by a 
question mark or an exclamation mark. At the 
same time, the children have to learn what the 
subject and the predicate are, and also what is 
a clause or a phrase. For this reason it is 
important to know the different sentences 
types. In Portuguese, there are two general 
structures. The sentence can be classified into: 

- simple (“simples”), when contains a single, 
independent clause, with one predicate; 

- compound (“complexa por coordenação”), 
when has two independent clauses that are 
joined by a coordinating conjunction; 

- complex (“complexa por subordinação”), 
when it contains an independent clause plus 
one or more dependent clauses and 

- compound-complex (“complexa por 
coordenação e subordinação”), when has 
three or more clauses, for instance, when 
two are independent and one is dependent. 
All these issues were assessed in the test.  

If we compare the structure and number of 
sentences of both texts, we verify its syntax is 
rather complex (Tab. 1). How many sentences 
can we find in both texts? Text B has more 
compound/complex sentences (“frases 
complexas”) than text A, that is, more 
compound, complex and compound-complex 
sentences than simple sentences. 

In the text A, the sentence with more 
clauses and also more difficult to analyze was 
the forth that has four clauses: “São muito 
porosos e irregulares, o que indica que são 
filtradores, ou seja, alimentam-se através da 
filtração da água”. In contrast, the text B has 
two sentences with four clauses each. The first, 
was the eigth sentence (tab. 1 and fig. 7): “Mas 
na Primavera enche-se de folhas e no Verão 
enche-se de frutos que se chamam uvas e que 
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crescem em cachos.”. The second sentence 
was the ninth (tab. 1 and fig. 9): “E no Outono 
os homens colhem os cachos de uvas e põem-
nos em grandes tanques de pedras onde os 
pisam até que o sumo escorra”. 

Texts simples 
sentences 

compound 
and complex 
sentences 

TEXT A 2, 3, 5 1, 4, 6, 7, 8 

TEXT B 2, 7 1, 3, 4, 5, 6, 
8, 9, 10 

Table 1. Number of simple, compound and 
complex sentences in both texts 

Although grammar can be teach to children 
without any text, most teachers use literary 
texts for this purpose. Sometimes, this is not 
the most suitable and easy way to explain 
children these contents. Nevertheless, the 
teacher is so familiar with literature texts that do 
often not want to use others. Teachers choose 
texts from language textbooks and would rather 
prefer them than would look for another even if 
it is easier for children. The results of this 
questionnaire and test showed that a literary 
text can be more difficult to analyze 
syntactically than a scientific one (Fig. 8). 
Almost all students were able to identify the 
correct sentence with more clauses in the text 
A but not in the text B. For example for text B, 
39% of the student choose sentence 8 and 
41% choose sentence 9. 

These results clearly suggest that students 
could benefit if, instead of a having a 
fragmented disciplinary organization of 
curricula, had a different system that, whenever 
possible, pedagogical proposals and 
knowledge could be merge together. For 
example they could began analyzing scientific 
texts produce by children in science lessons, 
that are simpler than literature ones. After this 
first experience they could switched to literary 
or other kind of texts that are more complex, 
even if they are excerpts of children’s literature 
books. 

The results of this inquire support our 
hypothesis: Syntax and Biology can be taught 
and learnt using the same text. So what would 
happen if Natural Sciences and Humanities are 
joined together in the education curricula? 
What kind of benefits would be expected if 
humanities and natural sciences become 

allied? The knowledge acquisition would be 
probably better. For instance teaching grammar 
and syntax will be easier. Writing scientific texts 
and communicating science would also 
improve. Children and preservice teachers 
could benefit if Science and Humanities 
become allied in education system. 

 

Figure 7. Number of students that identified the 
correct sentences with more clauses 
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Abstract. School visits is a common non-
formal science education strategy used 
regularly by teachers to call students attention 
and develop positive attitudes towards nature. 
The purpose of this study was to understand 
whether 6-14 year old school children gained 
positive knowledge and attitudes towards 
insects and science after visiting an exhibition 
of live insects from different parts of the world. 
Two questionnaires with nearly identical items 
were applied before and after the visit, to 182 
elementary school students. The results 
showed that positive attitudes towards insects 
and animals increase after the school visit but 
the knowledge gained was below expectations. 
The importance of pedagogical planning is 
discussed. 

Keywords. Attitudes; Biodiversity; Field trips; 
Insects; Non-formal Education; Science 
education. 

1. Introduction 

Recent research claims that we are facing 
the sixth mass species extinctions. A growing 
body of evidence suggests that present rates of 
species extinctions are higher than the pre-
human rates [1], [2]. Positive attitudes towards 
biodiversity conservation are essential to 
prepare future generations to face the 
challenges of the current global biodiversity 
crisis. Citizens need to be aware of the 
importance of living things and become actively 
involved in preserving nature from the earliest 
age. As such, biodiversity has become a 
fundamental issue across Basic and Secondary 
Education school curricula. Insects due to their 
overwhelm diversity and abundance have a 
crucial role in natural ecosystems. Despite this, 
they rise little interest and attention to most 
people, in part because they are regarded as 
harmful to humans and their assets. Besides 
children are often taught to dislike insects and 

to kill them whenever encounter them. 

Most invertebrates are often seen by the 
general public with aversion, anxiety and 
ignorance [3]. Eagly and Chaiken [4] define 
human attitude as a “psychological tendency 
that is expressed by evaluating a particular 
entity with some degree of favor or disfavor”. 
Thus, what people feel and believe about the 
environment determines their attitudes toward it 
[5]. Negative attitudes are difficult to change 
and represent a challenge to implement 
conservation programs, particularly in small, 
vulnerable biodiversity rich areas such as 
Madeira archipelago. In these oceanic islands 
the insects constitute about 78% of the known 
terrestrial biodiversity and nearly 23% of all 
taxa are endemic (~800 species). Conservation 
of these unique native island ecosystems is 
largely depending on the knowledge and 
positive attitudes of its inhabitants towards 
nature conservation. It is generally agree that 
the attitudes and behaviors in relation to nature 
must be understood and often influenced to 
avoid a greater harm to biodiversity. In fact, we 
need more knowledge about the development 
of the attitudes of children and adolescents in 
relation to nature. The pedagogical knowledge 
transmitted in the early years of education can 
have a very important role in changing attitudes 
of future citizens in relation to biodiversity. At 
schools, insects are used as examples to teach 
key concepts and process such as the 
circulatory and respiratory systems. However, 
after learning, students are still unfamiliar with 
insects, and have many misconceptions [6]. In 
science, field trips [7], visits to museums and 
zoos [8] and other types of learning activities 
(non-formal or informal) are regarded as useful 
to increase children’s knowledge and 
motivation to learn [9]. 

Several authors described field trips as 
student experiences outside of the classroom 
at interactive locations designed for educational 
purposes [10], [11].Through field trips students 
are taken to unique places that cannot be 
duplicated in the classroom. Each student can 
observe local and natural beings and create 
relevant personal meaning from their 
experience. Science school field trips include 
the visit to a variety of cultural institutions, such 
as natural history, and science museums, as 
well as zoos, and botanical gardens. In addition 
to stimulate new knowledge, these study visits 
can increase positive attitude towards science, 
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wake interests and provide many benefits for 
teachers and students [12].The objective of this 
work is to understand whether students’ 
knowledge and positive attitudes towards 
insects increase after visiting a study visit to an 
insect exhibition. 

2. Methods 

2.1. Exhibition purpose 

The exhibition entitled Living Insects from 
around the World had as main purpose to show 
insect diversity to the general public and to 
grow the public interest towards insects. It was 
held at the University of Madeira (Funchal) 
between the 29th November 2007 and the 10th 
January 2008. Insect species were exhibited 
isolated in terrarium glass cages and the 
number of species displayed varied from 60 to 
70 along the exhibition period. The exhibition 
included species from all over the world with 
representatives of various groups of insects like 
butterflies (Lepidoptera), praying mantis 
(Mantodea), stick insects (Phasmatodea), 
beetles (Coleoptera), locusts (Orthoptera), 
bugs (Hemiptera) and cockroaches (Blattodea). 
In addition were exhibited some specimens of 
non-insect arthropod groups like spiders 
(Araneae) and scorpions (Escorpiones). 

2.2. Construction of Questionnaire 

Two questionnaires with nearly identical 
items were applied: one was given to the 
student visitors before seeing the exhibition 
(Questionnaire A) and another was answered 
by the students after visiting the exhibition 
(Questionnaire B). The students were 
accompanied during the visit by their teachers 
and the exhibition was part of the student’s 
lesson period. 

Both questionnaires consisted of the same 
number of questions, a total of 20. The 
questionnaire A has three blocks of questions. 
The first block (7 questions) aimed to 
characterize the students; the second block 
dealt with students interest and attitudes about 
insects (3); the third block (4) assessed specific 
knowledge about insects; the fourth block (6) 
evaluated the students interest for the natural 
sciences: stars, planets and universe (1), origin 
and evolution of life in Earth (1); how insects 
live (1), animals from different parts of the world 
(1), how human body is made and works (1), 
how dinosaurs live and why they disappeared 

(1). The second questionnaire (B) has also 4 
blocks of questions, those of the first two and 
last blocks were the same as in questionnaire 
A. The third block asked the students what they 
insects liked most and what they have learned 
from the exhibition. 

2.3. Participants 

The study was conducted between 
November 2007 and January 2008. A total of 
182 elementary school students (92 boys and 
90 girls) aged 6 - 14 years old from first to the 
ninth grade attending two urban schools (Santa 
Teresinha and Salesian School of Arts and 
Crafts) and one rural elementary school (Prof. 
Francisco Barreto) participated in this study. 
The school of Santa Teresinha included 75 
students of the fifth grade (age 9-11), the 
Salesian school included 78 students of the 
second grade (age 6-8) and the Prof. Francisco 
Barreto comprised 29 students, two of the 
seventh grade (age 12 and 14), 19 of the eighth 
grade (age 12-14) and 8 of ninth grade (age 
14). No time limit was given for the completion 
of the two questionnaires. 

2.4. Analysis 

Comparison of student’s mean interest and 
knowledge before and after visiting the 
exhibition was compared by Student's t tests at 
a confidence level of 95%. 

3. Results 

3.1. Before visiting the insect exhibition 

Before the visit to the exhibition the 
knowledge of boys and girls of each school 
about insects was similar. Most students of the 
three schools responded correctly to the 
questions on whether insects can live in water 
(64.2% to 85.1%), larvae are insects (44.8% to 
74.6%) and insects are important in nature 
(85.7% to 97.3%). However, the majority of 
students of the three schools did not know how 
many legs insects have. They considered that 
the number of legs varied depending on the 
type of insect (61.8% to 100%). Only 2.6% of 
the students from Santa Teresina and Salesian 
school responded correctly to this question, 
while all students of Francisco Barreto gave a 
wrong answer. 

There were also differences between rural 
and urban school students, being those of 
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Francisco Barreto less interested. Boys and 
girls of this school liked insects less (42.8% 
boys vs 7.6% girls), have less interest in having 
an insect as a pet (35.7% boys vs 6.6% girls) 
and when they encounter an insect were less 
those that said that would observe them (64.2% 
boys vs 50% girls) comparatively to students of 
the other two schools. In addition, Francisco 
Barreto students have less scientific interests 
(fourth block of questions) than students of the 
other two schools. Regardless of the school, 
boys and girls were more interested on how 
dinosaurs lived and why they have disappeared 
(83.1% boys vs 70.3% girls) than in the five 
other scientific topics. 

3.2. After the visit to the insect exhibi-
tion 

The student interest and attitudes regarding 
insects increased after the visit to the 
exhibition. As a whole more students stated 
that liked more insects after the exhibition (after 
59.89 % vs 53.07% before) than before (Fig. 1). 

 

Figure 1. Number of students that said to like 
very much insects before and after visiting the 

exhibition 

After the visit there were also a slightly 
increase in the percentage of students that said 
that would like to have an insect as a pet 
(41.4% before vs 41.9% after) (Fig. 2). The 
percentage of students that said after and 
before the exhibition that would not like an 
insect as a pet was similar. 

There was a slight improvement in the 
reaction of students when they encounter an 
insect. The percentage of those that said that 
will observed them increase with the visit 
(69.2% before vs 72.3% after) while decrease 
the percentage of those that said that will kill 
them (7.2% before vs 6.6 % after), will ran 
away (8.2% before vs 8.9% after) and scare 

them (14.5% before to12.7% after) (Fig. 3). 

 

Figure 2. Number of students that said would 
like to have an insect as pet before and after 

visiting the exhibition 

 

Figure 3. Number of students that said that if 
they encounter an insect will observe it before 

and after visiting the exhibition 

Concerning knowledge, there was an 
increase in the level of the importance 
attributed to insects in nature with the visit 
(90.8% before vs 92% after) and also more 
students responded that larvae are insects 
(68.1% before vs 78.3% after). However, the 
visit did not allow the acquisition of more 
specific knowledge about insects. For example 
less students said that insects have six legs 
(2.2% before vs 1.6 % after) and less number 
of students said that there are insects that live 
in the water (73.2% before vs 60.3 % after) 
which suggest that the pedagogical content had 
not been worked before or during the visit with 
the teacher. 

The visits to the exhibition awake also the 
interest of students for other areas of science. 
After the exhibition students were more 
attracted to stars, planets and universe (from 
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61.2% to 69.8%), the origin and evolution of life 
in Earth (from 56.3 to 64%); how insects live 
(from 58.8% to 71.1%), the animals from 
different parts of the world (from 63.5% to 
68.5%), how human body is made and works 
(from 59.6% to 67.5%) and how dinosaurs live 
and why they disappear (from 76.5% to 81.9%). 
However, this increase was only significant for 
the origin and evolution of life in Earth (t=-
2.705, df=16, p=0.008) and how insects live 
(t=-4.379, df=165, p=0.0). 

4. Discussion 

Most people like small animals particular 
vertebrates such as birds, squirrels, dogs but 
dislike invertebrates, bats, rats and mice 
[13].The results of this study suggest that most 
primary school children in Madeira have 
positive attitudes toward insects. They like 
insects and most students said that if they 
encounter an insect they would rather observe 
instead of kill it, scare it or run away. Contact 
with insects through the study visit influenced 
children’s behavior towards insects, building 
positive attitudes towards animals. In this 
regard it has been suggested that teachers 
should encourage children to keep a diverse 
range of animals, particularly invertebrates, and 
that science activities should be more focused 
on rearing invertebrates and improving 
children’s attitudes and knowledge [14]; [15]. 

Evertheless, the percentage of students that 
said that would like to have an insect as a pet 
after the visit to the exhibition increase only 
slightly. Likewise, as occur in other surveys 
[16], only few more students were those that 
would prefer to observe insects if they 
encounter them. It has been shown that when 
children interact with animals develop positive 
attitudes [17], [14]. It is unknown whether the 
students of this survey have such contacts with 
animals. More chances of contact 
animals/insects would be expected in children 
from rural residence areas as those Francisco 
Barreto School than children from the other two 
schools that live mainly in urban areas. Instead 
of this, children from rural areas not only were 
less interested on insects but also have less 
interest on other scientific areas. Because 
students from Francisco Barreto were older, 
their lack of interest may be related either to the 
area of residence and/or to age. Major 
differences in attitudes toward animals can 
occur among children according to age, sex, 

ethnicity, and urban/rural residence [18], 
therefore the reasons for these differences 
cannot be ascertain. 

The visit to the exhibition promoted not only 
an increase in positive behavior towards 
insects but also, an increase of interest for 
other areas of science as zoology, human 
biology and astronomy. The positive 
appreciation and increase interest on insects 
and science in general, did not correspond to 
an increase in the specific knowledge gained 
on insects, this was below expectations. Most 
children fail to enumerate the number of legs 
that insects have or that insects live in the 
water. In fact this knowledge decreased after 
the visit. This can in part be related to the fact 
that a few non-insects groups such as spiders 
and scorpions were exhibited together with 
insects in the exhibition. This, together with the 
title of the exhibition Living Insects from around 
the World, could explain in part why students 
fail to recognized the number of insect legs (6 
insects vs 8 spiders/scorpions). It is generally 
believe that experiential learning activities and 
school field trips are effective strategies to 
create authentic learning opportunities for 
students regardless of the content area. 
However, experiential activities and field trips 
do not simply happen. Teachers need to 
understand that such activities require previous 
preparation of children and teachers, hands-on 
activities for children and follow-up actions to 
maximize the learning experience [10]. 
Teachers should prepare field trips in order to 
promote the interest and knowledge of their 
students. Children should also be allowed to 
interact with the organisms, observed them and 
discuss what they see [19] to acquire 
knowledge and avoid insect misconceptions 
[20]. Once teachers develop a successful field 
trip, they will enable students to grow interest in 
science, which may lead to better-quality 
learning and improved science literacy. 

Science exhibitions increase visitors’ 
knowledge and understanding of science but 
also can generate memorable learning 
experiences which can have a lasting impact 
on attitudes and behavior. Field trips offer a 
unique opportunity for students to create 
connections, which will help them to gain 
understanding and develop an enjoyment of 
learning. Farmer, Knapp, and Benton [21] 
suggested that one year after a well-designed 
field trip experience, many students 
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remembered what they had seen and heard, 
and displayed a newly developed prescience 
attitude. This long lasting effect was observed 
by the second author of this work, who took her 
4 years old niece to the exhibition. At that at 
that time this little girl showed great interest and 
curiosity on the observation of the insects. Now 
that she is 12 years old still remembers many 
aspects of the visit and talks about it. 
Furthermore, she demonstrates high interest in 
science and nature in particular. Although 
science learning in the informal context may be 
often seem as haphazard and incoherent, it is 
believe to be long lasting because is internally 
rather than externally driven [22]. Thus, visits to 
exhibitions as well as other non-formal or 
informal learning activities can have a positive 
impact on children and adolescents’ behavior in 
relation to nature and nature conservation. 
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Color, Light and Matter - the 
Simplicity of Metal Ion Complexes 

I Boal-Palheiros 
University of Aveiro, Portugal 
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Abstract. Why is blood from humans red and 
blood from snails and crabs blue? And why are 
rubis red and emeralds green?“.Those are 
questions meant to challenge students to 
investigate the interaction of light and matter. In 
fact, the chemistry of color of transition metal 
ions is responsible for the color of many 
substances and is amenable to be easily 
understood by secondary school students. 
Moreover, transition metal ions are the center 
of coordination compounds that are relevant in 
many fields and play a decisive role in the 
Chemistry of Life - even if present in minute 
amounts. In this activity, targeted for secondary 
students as well as freshmen of Biology and 
Chemistry related degrees, the interaction of 
light and matter is investigated, and an 
explanation of color is obtained. 

Keywords. color, coordination compounds, 
hands-on learning, high school students, 
inquiry based research, laboratory work, light, 
metal ions, radiation 

1. Introduction 

In the Universisty of Aveiro, as in many 
Portuguese universities, secondary students 
come to the University to participate in either 
dedicated activities or included in research 
projects. A most popular program is „Semana 
da Ciência &Tecnologia“, where by students 
come to the University to to engage in diverse 
scientific activities (conferences, lab 
experiments, field work). 

The experimental activity now reported was 
part of this program of the latest edition, in 
2014. This laboratory activity Color, Light and 
Matter - the Simplicity of Metal Ion Complexes 
[1] relates concepts in chemistry that secondary 
students are familiar with (atomic orbitals, 
energy levels, electronic configuration, Periodic 
Table) with Inorganic Chemistry ones, in the 
field of coordination chemistry (coordinate 
bond, donor atom and ligand). They become 
acquainted with complexes and their major 
importance for Life and extensive day by day 
use. In fact, coordination compounds have a 

central role from household detergents to 
oxygen carrier proteins. Moreover, they 
familiarize also with relationships energy/ 
wavelength of radiation and color and also with 
UV/Vis spectroscopy. And most importantly, 
students learn fundamental issues through an 
inquiry based, hands-on activity in an informal 
environment. 

The model for Chemistry education consists 
of three components: macro, sub-micro and 
symbolic representations [2] and has been 
used by various researchers [3]. The model 
emphasizes the relation between macroscopic 
chemical and physical properties of 
substances, and structures on micro level, that 
is atoms and molecules. This relation is a 
central core in Chemistry, and chemists are 
expected to relate these two worlds and predict 
chemical activity. In the referred model [3] the 
macro and sub-micro levels seem to refer to 
observable vs. unobservable dimensions and 
this may be a difficult task for students. Instead, 
the focus should be on the concept pair 
properties – structures [4]. Furthermore, 
intermediate stages or levels in the learning 
process are necessary [4] to guide students 
from observable phenomena (substance 
properties) to explanatory models (structures). 

The main goal of this activity is precisely to 
guide students from observable phenomena – 
the color of different substances to explanatory 
models – structure of matter. The relation 
between a macroscopic physical property of 
substances - color, and structures on micro 
level is emphasized. The reactivity of 
substances is only marginally addressed, when 
ammonia displaces water in the coordination 
sphere of the central metal ion. 

Throughout the experimental activity, 
learners engage in scientifically oriented 
questions that are meant to be answered and 
explained by evidence obtained from 
experimental data. An inquiry approach using 
some guidance was used to help students 
focusing in the novel concepts and gather the 
explanations of the observed facts. The context 
of this activity and time limitations in particular, 
preclude the use of more open inquiry 
strategies. However, in order to foster cognitive 
development and scientific reasoning, a few 
problems and questions are posed for students 
to think later. 
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2. Color 

Color has fascinated human kind ever since 
it may be ascertained: from Lascaux caves to 
contemporary art - as the huge amounts of 
money paid for Picasso, Klimt or Van Gogh 
paintings evidence. Every child is enchanted 
with rainbow colors and this passion for color 
remains throughout life. This enthusiasm and 
attraction can be evoked and addressed to 
develop the children´s curiosity and will to 
understand the natural world. In the case of the 
present work, that means to study the structure 
and behavior of the physical and natural world 
through observation and experiment - make 
science. This laboratorial activity was proposed 
for secondary students aiming at helping them 
to learn how to make science using an 
appealing theme. At the same time, it also 
helps them to understand the principles of color 
through a set of experiments. In these 
experiments they use their previous knowledge 
(atomistic nature of matter, atomic orbitals, 
quantification of energy, radiation) and go one 
step further into relating electronic transitions 
and light. 

Transition metals are in the center of 
modern Periodic Table, the d-block. Main group 
elements contain both metals and non-metals; 
all transition elements are metals. Apart from 
mercury, they are solid and conduct electricity 
and heat well. Most main group ionic solids are 
colorless (or white); in contrast, many transition 
metal compounds have strikingly beautiful 
colors! When 1% of Al3+ is replaced by Cr3+, in 
colorless corundum or beryl, the beautiful red 
rubi or the green emerald, respectively, are 
obtained. 

a) b) c)
 

Figure 1. Colorless minerals gain color when 1 
Al3+ in 100 is replaced by Cr3+: a) corundum, b) 

rubi c) emerald 

The properties of elements and their 
compounds arise from the electrons associated 
with that element [5, 6]. Main group metal ions 
have a filled outer level (noble gas 
configuration). When electrons are promoted 
into higher energy levels, these are so high that 

the ion absorbs light that is not in the visible 
range. The valence electrons for transition 
metals are the ns2 electron and also the (n-1)d 
electrons. The transition metal ions bear a 
positive charge and behave as Lewis acids, 
accepting negative charge. The negative 
charge may come from ions such as chloride 
(Cl-) or oxalate (C2O4

2-), but also from a pair of 
lone electrons of an atom constituting a neutral 
molecule such as water (H2O), ammonia (NH3) 
or ethylenediamine (C2H4(NH2)2). These bonds 
are named coordinate bonds, since both 
electrons belong to the same atom, the donor 
atom, and the respective ion or molecule is 
named ligand. The new entity formed is a 
complex ion or a coordination compound and 
embodies a most distinctive aspect of the 
transition metal ions chemistry. Many transition 
metal complexes bind to six donor atoms and 
have an octahedral geometry [5, 6]. In Fig. 2, 
the complex formed by a central metal ion and 
six water molecules is depicted. 

 

Figure 2. Octahedral distribution of six water 
molecules around a central metal ion 

The five d orbitals of an isolated transition 
metal ion have the same energy, are 
degenerate, but in the presence of 6 donor 
atoms in an octahedral geometry, the energy of 
d electrons is split into two levels, since the 
orbitals are not equally affected: those 
superimposed along the orthogonal axes 
(dz

2 and dx
2

-y
2) will have higher energy 

than dxy, dxz and dyz orbitals, because the latter 
lie between the axes and are farther from the 
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ligands and, therefore, experience less 
repulsion. 

The energy gap between those levels 
depends on the central metal ion valence 
electrons and on the donor atoms, but 
corresponds usually to visible light. Electrons in 
a partially filled d orbital can absorb visible light 
and move to slightly higher d orbital energy 
levels, imparting color to those substances. Fig. 
3 illustrates a scheme of d orbitals for Cr(III). 
The absorbed light depends on the d-d 
transition energy. Hence, different metal ions 
display different colors, when bound to the 
same ligand and the same metal ion shows 
different colors according to the donor atoms in 
the complex. 

 

Figure 3. Scheme of a d-d transition for Cr(III) in 
an octahedral field 

Another aspect students become also 
familiar with is that the number of donor atoms 
per ligand can be diverse. Some are single 
donor atom ligands (H2O, NH3, Cl-) but other 
ligands, such as oxalate or ethylenediamine, 
have two (bidentate), and some may have 
more (EDTA has 6 donor atoms), forming a 
quelate. 

A very special and important class of ligands 
are aminoacids. These molecules form proteins 
and comprise the second-largest component 
(water is the largest) of human cells and 
muscles. Outside proteins, they perform crucial 
roles in processes such as byosynthesis and 
neurotransmiter transport. They may bind to 
metal ions hand have a role in the transport of 
oxygen in the blood. 

The red color of blood of vertebrates is a 
consequence of the complex of iron with heme 
[7], in hemoglobin, as depicted in Fig.4. 

In hemoglobin, and apart from the heme iron 
is linked to a hystidine residue of globuline and 
water or oxygen, and has an octahedral 
geometry ( Fig. 5). 

However, iron is not the only metal ion with 
a central role in respiration and red is not the 
color of all blood. Horseshoe crabs, octopus 

and lobsters, for instance, have blue blood [7]. 
In these animals, the molecule that transports 
oxygen is hemocyanin, that contains copper 
ions (Fig. 6.a). When deoxygenated, the blood 
is colorless, but in the presence of oxygen, the 
cupric ions impart blood a saphire blue color. 
The blue blood of horseshoe crabs can be seen 
in Fig.6.b when it is harvested from them to be 
used in tests to ensure medicals are not 
contaminated [7]. 

 a) b) 

Figure 4. Iron bound to N-donor atoms in heme 
(a) imparts red color to blood hemoglobin in red 

cells (b) [7] 

O2

FeFe

 
Figure 5. Iron in heme bound to an hystidine 
residue of globuline and a molecule of water/ 

oxygen, octahedral fiel 

 

a)  b) 

Figure 6. Hemocyanin where copper binds 
oxygen (a) that imparts to blood of horseshoe 

crabs a blue saphire color (b) [7] 

3. Hands-on 

The experimental activity here reported is 
meant for 10th to 12th grade students since they 
are familiar with chemistry fundamentals and in 
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particular with electronic configuration and 
energy levels of elements. It was planned to be 
carried out with little help from the instructor, 
apart from the spectra acquisition. A period of 3 
hours (maximum) should be enough to carry 
out the experimental work (1-2 hours) and the 
initial and the final discussions (1 h). 

To help them through this activity, the young 
students are given a booklet, divided in 5 
sections: 1) an introductory text about relevant 
contents (Periodic Table, elements, electronic 
configuration, radiation wavelength and 
energy); 2) the experimental protocol detailing 
what to do and what to write down, and also 
posing questions to help the students to 
observe and reflect; 3) deeper insight on 
coordination chemistry and biological ligands 
as well as some interesting issues around the 
theme; 4) a few practical problems closely 
related with the activity for students to solve 
and self-evaluate; 5) a glossary with around 
forty keywords (that are used and highlighted 
along the text) in alphabetical order, so that the 
related information may be retrieved easily. 

To begin with, a discussion is made about 
Periodic Table, transition metals and respective 
electronic configurations. These are concepts 
secondary students are familiar with and a vivid 
participation is generally witnessed. Then, a 
visualization of d orbitals representation is 
shown (pictures, 3-dimension models), so that 
the students can understand why some d 
orbitals of the central metal ion are more 
affected than others when ligands bind to it. 
Once the splitting of the d orbitals is 
acknowledged, the relation between the energy 
gap and light wavelength of absorption may be 
easily understood by them. 

The participants start the experimental work 
by observing several compounds (sulphates 
mostly) of metal ions from s and d blocks and 
dividing them into colored/uncolored groups. 
For this purpose, sodium, potassium, 
magnesium, calcium and transition metal ions 
of the 3rd period of the Periodic Table only 
were used (chromium, iron, cobalt, nickel, 
copper and zinc). Next, they prepare aqueous 
solutions of the colored ones; except for zinc, 
different colors may be seen for the transition 
metal ions solutions (Fig. 7). 

When light is shed upon the solution, it 
absorbs mainly in a particular region of the 
visible light spectrum (maxima), and the 

remainder radiation is transmitted. The 
wavelength of absorbed color is related with the 
color seen - complementary color. 

 

Figure 7. Aqueous solutions of several transition 
metal ions 

The UV/vis spectra of each colored solution 
is recorded. From the spectra maxima of the 
aqueous solution of each ion, the respective 
absorbed energy can be computed. For the 
sake of simplicity, when several maxima are 
obtained, the highest wavelength (least 
energetic) maxima is considered to determine 
the energy gap. When the same ligand (H2O) is 
combined with diferent metal ions, a relation 
between electron configuration, d-orbitals 
energy gap, �Eoc, absorbed radiation and color 
can be inferred. 

The effect of the ligand is then investigated. 
Concentrated ammonia is added to aqueous 
solutions of [M(H2O)6]

+2. As water is 
consecutively replaced by ammonia, a different 
color evolves. The visual effect is 
complemented by UV/Vis absorption 
measurement of the solutions. For each metal 
ion, the energy gap for [M(NH3)6]

+2 is compared 
with the gap previously obtained for 
[M(H2O)6]

+2; the effect of having oxigen or 
nitrogen as donor atoms may be evaluated. To 
further investigate the influence of donor atom 
in the d-orbital energy splitting and in color, a 
series of complexes of the same central ion 
(Cr3+) and different ligands (oxalate, 
ethylenediamine) was studied. Fig. 8 presents 
the spectra of aqueous solutions of Cr(III) 
coordinated to ethylenediamine (A) and oxalate 
(B). 

The wavelength maxima clearly shift to 
higher values – corresponding to lower energy 
gap, when the nitrogen donor atoms of 
ethylenediamine are replaced by the oxigen 
atoms of oxalate. Similar results are obtained 
for other metal ions. A relation can be 
ascertained between donor atoms and gap 
energy and an order can be established for the 
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studied ligands. The students compare the 
experimental energy order with the one 
expected from the spectrochemical series [5, 6] 
that is presented in the booklet. 

0

1

2

350 400 450 500 550 600 650 700 750 800

BA 

 

Figure 8. Spectra of aqueous solutions of Cr(III) 
coordinated to ethylenediamine (A,blue) and 

oxalate (B, red) 

Upon completing the experimental activities, 
the students answer a self-evaluation quiz with 
a few questions closely related to the 
experiments made. Other questions are posed 
along the booklet for the students to ponder, 
reflect and answer later. 

The participants are also invited to answer a 
couple of questions about the activity. 

4. Results and concluding remarks 

In this edition of the initiative “Semana da 
Ciência & Tecnologia”, fourteen 12 th graders 
enrolled in the activity; 12 originate in the same 
class and were accompanied by their 
Chemistry teacher, and two come from different 
classes. They were all female students. 

The participants were briefly informed on the 
goals and procedures of the activity and were 
given a booklet each to read the introductory 
section. Then a discussion about key subjects 
involved; the students were very keen to 
demonstrate how well they were prepared and 
they debated enthusiastically. 

Then, and before any experimental activity, 
they were given lab coats, gloves and safety 
goggles and were divided in 4 teams. These 
students were already familiar with good 
laboratory practices in technical issues and 
only a few remarks about safety details in the 
lab were made. The 12 th graders followed very 
carefully the experimental procedure and wrote 
down all observations and necessary data. Two 

spectrophotometers were used to obtain the 
spectra of the solutions and two instructors 
assisted the students in this task. Occasionally, 
students put some questions to instructors, but 
they generally worked autonomously. 

When they finished the practical work, a 
discussion within each group took place, and 
after that they answered (anonymously) the 
quiz presented in Table 1. 

1 The color observed in the 
coordination compound of transition metal 
ions originates from electronic transitions 
from 

 
a) s orbitals to p orbitals  
b)  p orbitals to d orbitals  
c)  p orbitals to d orbitals 
 

2 The color observed in the 
coordination compound of transition metal 
ions depends on 

a) central metal ion  
b)  ligands and donor atoms  
c)  both 

 
3 According to their structure it is 
expected that the following complexes have 
color or not 

a) [Fe(CN)6]
4- 

b)  [Mg(H2O)6 ]
2+  

c) [Cu(NH3)4]
2+ 

d) [Na(H2O)6]
2+ 

e) [Mn(Cl)6]
4- 

f) [Cu(NH3)4]
2+ 

 
4 Comment on the following statement, 
namely if you consider it true or false and 
why 
 “For a given central metal ion, the energy of 
the d-d transition is the same, regardless of 
the ligand it is bound to”. 

Table1. Questions of the quiz answered by the 
students at the end of the lab work

The correct answers to questions 1, 2 and 3 
were 100%, 83 % and 75 %, respectively. The 
answers to question 4 were 83 % correct and 
most were very well justified. 

The students considered the activity most 
interesting (83 %) and interesting (17 %) and 
useful (33 %) or very useful (50 %). They 
enjoyed it (58 %) or enjoyed a lot (42 %). The 
number of students was not very large, but their 
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opinions are still meaningful. Identical results 
had been achieved in a similar activity where 
chromium complexes with amino acids were 
investigated [8]. However, a serious drawback 
prevented that activity from being broadly 
implemented - the (non) availability of 
chromium complexes. These complexes are 
not for sell and some are not easily synthesized 
either. The novel activity now proposed has the 
same goals and methodologies but uses 
reagents that are common in any chemistry 
laboratory. 

The students’ participation in this laboratory 
work around color demonstrates that they were 
able to perform an inquiry based activity with a 
considerable degree of autonomy. They 
engaged in scientifically oriented questions and 
were able to answer and explain the evidences 
obtained from experimental data. With this lab 
activity the students succeeded in linking 
observable phenomena – the color of different 
substances to explanatory models – the 
structure of matter. The answers provided by 
students and their discussions along the activity 
evidence also deep conceptual learning 

Last but not least, the students much 
enjoyed having this colorful hands-on activity.  

Fiat lux! 
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Abstract. The presence of predators in a 
habitat is considered a stabilizing force in the 
population of herbivores, contributing to the 
balance of the ecosystem. However, the 
predator’s overpopulation causes a drastic 
reduction of primary consumers, exceeding the 
capacity of the ecosystem and endangering the 
entire food chain. To solve that situation, 
density control actions are being implemented 
by man, for balance maintenance purposes or 
to prevent damages. Often, in the council of 
Azambuja, there are carried out these actions, 
by Hunting Associations to control the carnivore 
population in forest areas, in particular the 
egyption mongoose (Herpestes ichneumon) 
and the red fox (Vulpes vulpes), for their 
allegedly effect on the lagomorphs population 
decline. 

The objective of this study was to describe 
the capture process end-to-end: how the 
authorization is required, how is it done in the 
field, how the fiscalization is made and the 
results on the biodiversity. 

The methodology used was the record of the 
process, interview of the people responsible in 
field for these actions, and consultation with 
the national authorities involved. 

It was verified that the national services 
which controls these actions (National Institute 
for Nature Conservation and Forestry) and 
responsible for the evaluation of the licenses 
requests, issued these ones to a local hunting 
association, without any previous study of 
those two species population’s densities or 
maximum carrying capacity of the environment 
for them. There’s no effective supervision of the 
implementation of this action in the field. It was 
also clear that hunters use these actions, not to 
guarantee the ecosystem balance, but to 
eliminate predators in order to increase the 
lagomorph’s population for the hunting season. 
So a process that first established the 
ecosystem’s balance can and may do exactly 

the opposite. 

Keywords. Vulpes vulpes, Herpestes 
ichneumon, overpopulation control, ecosystem 
balance 

1. Introduction 

Biodiversity is characterized by the 
connections between the living beings on a 
community and for their genetic richness. One 
factor that promotes biodiversity is the balance 
between primary and secondary consumers 
and their population height on the food web. 
Therefore, the increase or decrease on the 
species effective, affects all the others which 
whom they have direct or indirect relations. In 
Portugal, the wild rabbit (Oryctolagus cuniculus 
algirus) it´s an extremely important lagomorph 
for the habitat maintenance, being the main 
prey for numerous carnivore species, like the 
iberian lynx (Lynx pardinus) and the spanish 
imperial eagle (Aquila adalberti) [1], and for 
that, it is considered a key specie. 

The egyptian mongoose (Herpestes 
ichneumon) and the red fox (Vulpes vulpes) are 
two of the most common carnivores in 
Azambuja council and, allegedly, the ones that 
induce the wild rabbit population decrease, 
together with viral diseases and intensive 
agriculture [2, 8]. For this reason and to prevent 
damages, are carried out actions to control the 
carnivore population numbers, on hunting, 
agriculture and forest areas. So, the purpose of 
this study was to describe the capture process 
end-to-end: how the authorization is required, 
how is it done in the field, how the fiscalization 
is made and the results on the biodiversity. For 
that, the national’s authorities responsible for 
the analysis, authorisation and surveillance 
were consulted and a local hunting association, 
that was carrying population control actions, 
was interviewed and accompanied in the field. 

2. The species 

The red fox is one of the most common 
carnivores in Portugal. Belongs to the Canidae 
family and it’s characterised by a reddish or 
greyish fur on the back, white back and the tail 
is long and with tufts. Is a night specie and 
habits mostly forest, scrubland and agriculture 
areas [3] (Fig. 1). 

The egyption mongoose is also a carnivore and 
the only mongoose specie in Europe and 
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exclusive for the Iberian Peninsula. Belongs to 
the Herpestidae family and it’s characterised by 
a uniform, mingled, dark fur, a pointy and large 
tail, paws proportionally shorter to the body, 
nails not retracted and used for digging [4] (Fig. 
2). 

 

Figure 1- Red Fox (Source: Naturdata © 
Fernando Romão) 

3. The study area 

The Azambuja council is the most eastern 
council in the Lisbon district, in Portugal, and it 
is the most densely populated along the 
rail/road lines (Fig. 3). 

 

Figure 2 - Egyption mongoose (Source: 
http://fotos.sapo.pt/greenbit/fotos/?uid=tdZon46

vH4SBNkTZjFqC) 

The landscape is dominated by olive and 
fruit trees, vineyards, and limited in the north by 
Pinus Pinaster, Pinus pinea, Eucalyptus 
globules, Quercus suber and Quercus faginea, 
in the south by Ribatejo marshlands and in the 
west by the Montejunto Mountain rage. 

The river in area is the biggest river in 
Portugal, the Tagus River. 

In geological terms, prevails the sedimentary 
rocks, sandstone, conglomerates and clay. 
These conditions provide a preferential habitat 
for the species in study: low population 
density/human pressure, sand terrains that 
enable them to dig burrows and access to 
water and food. Supporting this statement, 
there are twenty three hunting areas in the 
council. 

 
Figure 3- Azambuja’s council environment map. 
Above the council is highlighted in red Source 

LNEG, National Laboratory on Energy and 
Geology. The below map is a satellite photo 

(Google Maps) 

4. Applicable Legislation 

Red fox and egyption mongoose are 
considered small game hunting and their 
capture is allowed on the hunting season, from 
October to February. 

If necessary, to prevent or minimize 
damages on flora, fauna, fishing, forest, 
agriculture, livestock, health protection and/or 
public security, their capture is possible 
(predator population control), provided they are 
authorized by the Institute for the Conservation 
of Nature and Forests (ICNF) [5]. The 
enforcement and surveillance are 
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responsibilities of the Nature and Environment 
Protection Service (SEPNA) from the National 
Republican Guard (GNR). 

5. Results 

The process starts with a request from the 
hunting association to ICNF in which is 
requested a predation population control, 
specified to the red fox and egyptian 
mongoose, the damage or endangered area 
and the means that are going to be used during 
the activity. The most frequent one is by the 
use of live animal cage trap (figure 4). The bait 
used in cages is a dead rabbit or a piece of 
pork rind (figure 5). 

After an information request, ICNF informed 
that the criteria are: 

i. the substantiation of the request 
according the law; 

ii. adequacy of the request in relation to 
the area; 
iii. reports with results of prior actions, in 

which the association has to quantify the 
captured animals and cages involved. 

On the request, the hunt association 
propose to place a number of cage traps (the 
limit allowed is ten cage traps). If the request 
doesn’t mention a proposal, ICNF only allows 
the placement of six cage traps. 

This authorization is sent to SEPNA who is 
responsible for ensure that: 

(i) the numbers of cage traps don’t 
exceed the one given in the authorization, 

(ii) that only the species authorized 
are the ones captured and killed, 

(iii) That the cages are placed only 
in authorized area. 

There is no reference on the request or in 
the authorization to a limit number of captured 
animals. After consulting ICNF, it was referred 
that due to the fact that there was no studies 
that evaluate or provide knowledge about these 
species population density on a specific region 
or hunting area, the justification is an 
applicant’s responsibility (the hunt association). 

We’ve contacted SEPNA and after received 
information request, notice that in the past 
years, the authorizations are standardized and 
ad-hoc, that doesn’t exists a compliance record 
of the amount of captured animals or an impact 

study for this activity. It has also indicated that 
the elevated number of hunting areas on the 
Azambuja council and on the surrounding ones, 
allied to the fact that the hunters are 
familiarized with the terrain and a small team to 
check all ones, translates in a deficient 
surveillance. 

 
Figure 4- Live animal cage trap (photo captured 

in field) 

In fact, for the attended association (hunt 
association where we’ve donned the work), 
was only allowed the placement of 5 cages and 
during the record in field, the number of cage 
traps seen exceeded by far this number. In fact 
we’ve counted 17 cages. 

It is important to note that the main activity 
of hunting associations is to hunt wild rabbits, in 
the study area. If rabbits do not exist or the 
population is reduced, no one hunts and so, the 
dues aren’t going to get paid by the members, 
putting in jeopardy the association’s existence. 

7. Discussion 

In Portugal, the economic interests still 
remain as one of the greatest obstacles to 
environment protection and existing biodiversity 
maintenance. Given that Azambuja council 
holds intense cinegetic activity, and also the 
fact that these two species are the most 
commons targets of overpopulation control, 
understanding the impact of these actions, 
along the food chain and on local biodiversity, 
became the purpose of this work. 

The overpopulation control action, itself, is a 
solution if a species number gets so big, that 
causes habitat unbalance. And in fact, in a 
community where predating is intensive, a 
negative pressure under the food web, is 
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expected. In this case, the prey is the wild 
rabbit, which could mean significant changes 
on the community structure, given the fact that 
key species have the ability to determine 
expressive variations on the species 
abundance on their habitat or even their 
extinction. 

 

 
Figure 5 – Baits used in cages. (photos captured 

in field 

Rabbit population have declined due for 
instance to diseases and land use changes 
(Viñuela and Villafuerte 2004 in Beja et al., 
2009) [8]. In fact several diseases were 
discover in Portugal such as Mycobacterium 
bovis Infection in Red Foxes (Vulpes vulpes) 
with cerebral involvement (Matos et al., 2014) 
[9] and Mycobacterium avium subsp. 
paratuberculosis in red fox and Egyptian 
mongoose (Matos et al., 2014) [10]. Cardoso et 
al. (2014) [11] also found Hepatozoon canis, a 
protozoan tick-borne pathogen of dogs and wild 
canids, in ref fox in Portugal. 

The most used method for the 
overpopulation control is the cage trap. There 
are other methods but they are most suitable 

for areas where there are focused points, like 
agriculture or domestic animal damage: the 
area delimitation in not a solution, given their 
size and cost, and wouldn’t give practical 
results because only prevents the carnivore’s 
approach; the burrows fumigations to kill the 
cubs implies the knowledge of their location 
and, again, given the area size it isn’t doable 
and, the use of venom isn’t a selective method. 

Either way, the assumption for these 
actions, is that the number of fox’s and 
egyption mongoose is so high, that preventive 
or correction actions are needed. What has 
been observed and confirmed in the field and 
after the interviews, is that there’s absolutely no 
data that testify/proves that situation, and we 
are watching an indiscriminate slaughter of 
these species, awarded by the agency that 
should protect them. 

It would be expected that the government 
agency responsible for forest and nature 
protections, and plus with conservationists 
purposes, permitted these actions only as a last 
measure and only in possession with 
unquestionable data that proves an existing or 
soon to be agriculture and/or biodiversity 
impact, but in fact they direct the responsibility 
to the hunting associations. If the purpose of 
these actions is to reduce carnivore density, 
then the number of animals whose death is 
authorized should be the primary indicator on it, 
to establish the limit number on which the 
balance is restored between predators and 
system capacity. By not doing this, the 
authorities are tacitly approving the unlimited 
slaughter of these species as it is only referred 
the number of cages to be used and the period 
in this action can be occurred. As a single point 
of reference, prairie dogs that where assumed 
as a plague, are now endangered and 
systematic population control actions, are 
pointed as a main cause for that [6]. 

On the other hand, there is no prove that the 
rabbits population decrease is a result of an 
intense predating from the red fox and egyption 
mongoose, just because they’re not the only 
prey of this animals and the mortality provoke 
by viral diseases is considerable. 

Kirkwood et al. (2014) [7] mentioned that 
“both predator and prey populations should be 
monitored concurrently because the 
relationship between predator abundance and 
impact on prey species is not necessarily 
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density dependent”. 

Lozano et al. (2013) [12] concluded that 
predator control can play a role in altering the 
carnivore communities; red fox numbers can 
increase due to control and predator control 
programs should evaluate the potential of 
unintended effects on ecosystems. 

Given the above, mitigate and preventive 
measures are needed. Habitat surveys and 
characterization, regional planning, species 
limiting factors and annual population species 
census, are extremely important. The only 
existing studies about these species 
considered only geographic distribution and 
these works are dependent of hunting 
associations, who supply the data. Carrying 
descriptive and, most important, exempted 
works that provide trustful and critical 
information to the decision makers, and mostly 
engage awareness within society to these 
actions, is critical. 

Barrull et al. (2011) [13] mentioned that 
traditional way to deal with hunting interests is 
often focused on predator control. A study done 
by Beja et al (2009) [8] showed much higher 
abundances of small game species in game 
estates than elsewhere. 

As a result, overpopulation control actions 
and, until preventive measures as the 
suggested above are taken, should only be 
used as a last resort, constituting the 
exceptional action in accordance with the law. 
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Abstract. Action research is more than just a 
method of searching scientific knowledge in the 
field of Educational Sciences. It brings together 
multiple dimensions of educational practice 
which involves action, observation and 
contextualized and systematic reflection 
leading to curricular and organizational 
development, along with the construction of the 
teaching profession. Action research aims to 
find solutions to emerging problems through the 
creation of curricular strategies that promote 
pedagogical innovation and improve learning. 

The Master's degree in Preschool Education 
and Primary Education at the University of 
Madeira is based on these assumptions and 
has a curricular unit named Action Research 
Project which is implemented in real contexts of 
Pedagogical Practice in schools. 

This paper is intended to report the 
beginning of this reflexive process in an attempt 
to broaden the discussion of teacher training to 
new audiences. It is important to examine 
experiences of the use of action research, 
starting from the diagnosis of problems, 
passing through the collection and analysis of 
data as well as the systematization of 
processes and knowledge and culminating in 
the realization of scientific reports. 

Keywords. action research; education; 
scientific method; teaching profession. 

1. Action-Research in education: 
conceptions, objectives and benefits 

There are many definitions about Action-
Research (A-R). All share the idea that consists 
in an investigation that encourages critical 
reflection on the educational activities in order 
to improve it and build new ways of educational 
intervention. This research seeks to address 
the needs and problems detected in 

educational contexts where the teacher acts 
(Esteves, 1986; Carr & Kemmis, 1988; Elliot, 
1996; Stenhouse, 1991; Bogdan and Biklen, 
1994; Sandin, 2003; Carr, 2006; Máximo 2008; 
Nofke & Somekh, 2010). 

Sandín (2003) points out seven general 
lines that synthesize the various conceptions: 

- It aims to transform and improve educational 
practice. This is object of investigation; 

- It features by a change of that develops by 
successive cycles, each cycle consists of 
four phases: planning, action, observation 
and reflection; 

- Goes from real problems of educational 
practice, affecting teachers and students; 

- It is based on reflection of communities, so it 
is considered a collaborative research; 

- Involves a systematic reflection on the reality 
to transform it; 

- It is developed by the people of practice, 
enabling a link between theory and practice; 

- This research process is also training; 

Thus, it can be said that A-R promotes 
teacher professional development, as it allows 
to build scientific-pedagogical knowledge and 
reflect on their role in the educational process 
(Sousa, Alonso and Roland, 2013). “O 
objectivo da investigação científica é não só 
descobrir e descrever acontecimentos e 
fenómenos, mas também explicar e 
compreender por que razões tais fenómenos 
ocorrem” (Jesuíno, 1988, p. 215). 

It is therefore a dynamic and interactive 
process, admitting adjustments resulting from 
the analysis of the phenomena being studied in 
a collaborative work 

According Ferrance (2000, p. 6), A-R is: 

a collaborative activity among colleagues 
searching for solutions to everyday, real 
problems experienced in schools, or 
looking for ways to improve instruction and 
increase student achievement. Rather than 
dealing with the theoretical, action 
research allows practitioners to address 
those concerns that are closest to them, 
ones over which they can exhibit some 
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influence and make change. 

2. Action research: from education to 
science 

It can be argued that A-R is a "critical 
educational science" (Carr & Kemmis, 1988), 
as it allows the teacher to research, evaluation 
and reflection of his/her practice, stimulating 
innovation of the educational process and 
his/her own professional development. To 
Alonso (2007, p.118) “os professores são 
desenhadores do seu próprio crescimento 
profissional e pessoal”. 

The action research “is a systematic 
scientific research and self-reflective carried out 
for practical, to improve the practice" 
(McKernan, 1998, quoted by Max-Esteves, 
2008, p.20). Different from the positivist and 
interpretative paradigm, so is not identified with 
the excessive and neutrality objectivism, as 
well as the subjectivity (Coutinho, 2005). 

According to Máximo-Esteves, 2008, p.20). 
A-R involves a working methodology consisting 
of “(…) formular questões relevantes no âmbito 
da sua prática, para identificar objetivos a 
prosseguir e escolher as estratégias e 
metodologias apropriadas, para monitorizar 
tanto os processos como os resultados” (pp.9-
10). 

“A Investigação-Ação é uma metodologia 
caraterizada por uma permanente dinâmica 
entre teoria e prática em que o professor 
interfere no próprio terreno de pesquisa, 
analisando as consequências da sua ação e 
produzindo efeitos diretos sobre a prática” 
(Alarcão, 1996, p.116). The teacher engages in 
a cyclical process of think-do-think to 
investigate and create change, given that “o 
conhecimento profissional prático é uma janela 
para uma melhor compreensão e apropriação 
da prática profissional” (Oliveira-Formosinho & 
Formosinho, 2008, p. 8). To perform an A-R 
project it is essential to develop various 
procedures, starting from issues that define the 
problems to be studied. Then it should be done 
a literature review to gather the necessary 
information. Follows the definition of the 
methodology to be implemented and the data 
collection. Then the data is organized and 
interpreted. 

According to Fortin (2009) the data 
collection can consist of observations, non-

structured interviews, registers or published 
texts, promoting the discovery of new 
phenomena by the investigator. 

The analysis of the data occurs from the 
initial stage of collecting data and extends 
throughout the investigation. The investigator 
examines and organizes trying to understand. 
These data are validated through triangulation. 
Sousa (2005) “(…) refere-se a uma 
metodologia de investigação em que se 
observa o mesmo fenómeno de três (ou mais) 
pontos diferentes, por diferentes observadores 
e com diferentes instrumentos” (pp.172-173).  

3. The reflective teacher in a changing 
school 

At the beginning of the XXI St. century 
pedagogical thinking about school and about its 
social role has emphasized the view of learning 
organization, able to reflect its mission, its 
practices with a view to promoting 
contextualized and meaningful learning for its 
students. This thought came to oppose the 
previous view of the school as an institution 
that promotes learning (Leal and Fonseca, 
2013). 

From this perspective, teachers and 
students must report their own training needs 
and develop self-development processes, 
rethinking their role as curriculum mediators, 
reflective agents in a reflective school (Alarcão, 
2000) and curriculary intelligent (Leite, 2003). 
Reflection on the curriculum happens with the 
onset of collaborative action-research in order 
to develop the actors in their work and 
undertake new change of direction (Leal and 
Fonseca, 2013). 

While agents engaged in learning in action, 
teachers should assume greater responsibilities 
in the planning and evaluation of their learning 
experiences, through reflection on practice and 
about practice, in a permanent alertness, as 
Perrenoud (1999) states, faced with 
problematic situations or dilemmas. In this 
process of reflection teachers can take various 
phases, according to Smith (1991): describe 
the action itself, to report on what it means to 
this action; confront realizing why this action 
and rebuild the action, trying to act differently. 
The teachers involved in the affirmation of 
identity and authorship unleash the school 
perspective as constant change. Reflective 
practice can also be understood as a process 
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of liberation of the profession routines to invite 
teachers to take an active role in the 
construction of their professional identity. 

Research-action translates then into a 
strategic potential for the process of learning 
and development of teachers. It is the 
commitment to change that results in the 
quality of teachers, teaching quality and school 
improvement. 

4. Challenges of Action-Research in 
initial teacher education 

The professional development of teachers is 
a continuous process of knowledge 
construction that begins in the initial training. In 
this sense, Formosinho (2009) advocates 
greater link between research and teaching by 
immersing students in scientific research 
methods, in order to make them more reflective 
and responsive to the diversity of educational 
contexts, to make them to connect theory and 
practice, and to help in the diagnosis and 
resolution of emerging issues. For Alonso 
(2013) it is developing practical synchronized 
with the ecological contexts and community 
schools, with significance for the formation and 
the comprehensive development of students as 
citizens. 

The challenge of A-R to be taken either by 
the student interns or by qualified teachers in 
practice can take a variety of approaches, 
Hatton and Smith (1995) such as: projects of A-
R; case studies and ethnographic studies on 
students, on teachers, on the classes or on 
schools; curricular structuring measures; 
microteaching and other experiences on 
supervised practice. 

With proper ethical care in the training of 
young teachers, these strategies can enhance 
your voice for reflection on the problems they 
intend to solve or about the evaluation of the 
triggered actions. The creation of collaborative 
research and learning cultures constitute a 
major challenge to student interns for the real 
complexity and implies a shared vision of the 
potential and contextual constraints of work. 

5. The experience at the University of 
Madeira 

The Master's degree in Pre-School 
Education and Training of the 1st cycle of basic 
education at the University of Madeira 

introduced from the academic year 2013-2014 
in its training plan a curricular unit under the 
name of A-R. In this, curricular unity students 
have the opportunity to consolidate their 
training, exercising skills in pedagogic practice 
with strong relationship between theory and 
practice, between action and reflection on and 
action. The work culminates in a final report to 
be presented and defended in public in the third 
semester of the course. 

At the beginning of the semester, the first 
sessions of the course aim to clarify and 
discuss the basics of research in education and 
also the conditions for the development of A-R. 
Then are promoted individualized tutoring or 
group processes for the design and monitoring 
of the project. 

In an analysis of the constraints relating to 
the practices of student interns, expressed by 
them in the reports we found the following: 

- We found up problems associated with the 
definition of a relevant problem and its own 
definition. 

- We found problems in managing time 
available for project implementation of A-R. 
Students revealed that the practice time is 
short for the full development of the project. 

- We found problems in reflection as action 
assessment process: the construction 
phases of reflective discourse on the 
information on the meaning of information 
on the evaluation and on the reconstruction 
of action in different way. 

- We found difficulties in the involvement of 
actors in educational practice with 
implications for the continuity of the project 
after the departure of training student. The 
implementation of collaborative research 
and learning cultures are one of the biggest 
challenges for student interns. It implies a 
shared vision of the potential of the 
constraints of work contexts. 

6. Issues for important further for the 
development of this project 

This project is crucial in initial teacher 
education at Master's degree in Pre-School 
Education and Training of the 1st Cycle of 
Basic Education of the University of Madeira. 
We assume continuity putting new issues to the 
development of the project: 

On the formulation of the problem: 
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How to enhance the critical view of the 
students in the construction and formulation of 
problem? 

On the time for implementation of the 
project: 

How to best suit the action to the project 
time available to accomplish it? 

On the framework of reflection on practice: 

What will be the best support to provide 
students in various stages of construction of 
reflective discourse on their practice? 

On construction of a culture of cooperation 
in action-research: 

How to promote a culture of cooperation to 
ensure better support to the action-research 
developed by the students and ensure the 
continuity of this work? 

7. Important ethical issues 

According to Sousa's, Alonso and Roland 
(2013) this research process implies an ethic of 
responsibility. The student as a person is at the 
centre of education as it is an "ser 
intersubjetivo que necessita desenvolver 
gradualmente a autonomia, a sua 
responsabilidade e a sua capacidade de 
intervenção consciente e crítica na realidade 
para a transformar” (Sousa, Alonso e Roldão, 
2013, p. 82). 

It is therefore important that teachers are 
aware of the "power" that his action means 
when it comes to meeting the needs of 
students and meet their weaknesses, because 
acting in the present this will to contribute to a 
better future. 
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Abstract. In the research related in this paper 
it was designed and implemented a learning 
scenario, with two primary school classes (40 
students), working together with Lego robots 
(NXT and RCX models). In this paper we intend 
to discuss and to reflect how the use of robots 
can contribute to mathematical learning in 
primary school students and to develop their 
mathematical competence. 
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1. Introduction 

Due to the on-going technological change 
we are witnessing, the created learning 
scenarios are increasingly different, making use 
of educational technological resources. Taking 
this into account, there have been a growing 
number of researchers interested in analysing 
the learning phenomena when students interact 
with those tools. 

The use of Lego robots as a tool for learning 
basic science and mathematics concepts and 
also for developing scientific inquiry skills for 
students has recently drawn the attention of 
many researchers. However, few studies are 
focusing on how robots support primary school 
students to learn when they participate in 
project work activities. 

Using ideas of situated learning from Lave 
and Wenger [1], [2], we intend in this paper to 
discuss and reflect how the use of robots can 
contribute to increase mathematical learning in 
primary school students and to develop their 
mathematical competence. The developed 
activities followed a project work methodology. 
The nature of the research is qualitative and it 
was given particular relevance to the process 
and not to the product of the developed 
activities. 

 

2. About Learning  

One of the most significant developments in 
educational approaches suggests that learning 
is taken as a process that emerges from 
specific situations and contexts. 

Lave and Wenger [1], argue that learning is 
a social and cultural process, where it is 
relevant to shift “(…) the analytic focus from the 
individual as learner to learning as participating 
in the social world” (p. 43). 

From this point of view, it is central the idea 
that learning is closely connected with 
participation in communities of practice, that 
are not only groups of persons but, are also 
communities of knowledge. According to 
Wenger [2], practice exists because there are 
people who participate in actions whose 
significance is mutually negotiated. It does not 
reside in a structure that precedes it, but “(…) 
resides in a community of people and the 
relations of mutual engagement by which they 
can do whatever they do” (p. 73). 

Participation refers to a process of being 
active participant in the practices of social 
communities. Because of that, participation 
shapes not only what we do but also what we 
are and the way we understand what we do. 
Participation also shapes the communities in 
which we participate. In fact, “(…) our ability (or 
inability) to shape the practice of our 
communities is an important aspect of our 
experience of participation” ([2], p. 57). 

Thus, a community of practice involves 
much more than the technical knowledge or 
skills associated with undertaking some task or 
activity. Members are involved in a set of 
relationships over time and communities 
develop around things that matter to individuals 
[2]. The fact that they are organized around 
some particular area of knowledge and activity 
gives members a sense of joint enterprise [1], 
[2]. This very specific aspect congeals the 
essence of the model of situated learning 
proposed by Lave and Wenger [1]. Learning 
and knowing involves a process of engagement 
in a community, thus, learning and knowing are 
social and comes largely from our experience 
of participating in daily life. 
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3. The Learning Scenario 

The learning scenario was designed 
involving two primary school classes (2nd and 
3rd grade, 24 and 16 students, respectively) 
from a school in Funchal – Madeira island – 
Portugal, working together with robots. This 
learning scenario was constructed all together 
by the research team, by teachers from both 
classes and by their students. The scenario’s 
implementation was developed in two 
moments: the first between May and June 2011 
and the second between April and July 2012. 

We started the scenario’s implementation 
with two primary school classes – Year 2 and 
Year 3. The second phase of scenario’s 
implementation was in the following school 
year. The students were, at that time, in years 
three and four, respectively. 

At this project students have worked with 
Lego robots: RCX and NXT. In both RCX and 
NXT models the programming environment is 
an icon-based drag-and-drop programming 
language, designed for an intuitive introduction 
to programming. By choosing program blocks 
that work with the motors and make the 
sensors react to inputs, students simply build 
up their program block by block, and they 
created programs that range from simple to 
complex. Students and teachers had never 
worked with Lego robots before. 

 
Figure 1. Students building robots 

Both classes have worked in heterogeneous 
working groups. Teachers had to support 
students in their work and the researchers 
sought to support students and teachers and to 
take advantage of situations that could 
contribute to the emergence of mathematical 
concepts. With that in mind, researchers 
assumed a questioning attitude towards 
students’ work in the practice with robots. 

In the first moment of scenario’s 
implementation, students had to construct 
robots and define their physical and emotional 
features. Their creations will become 

characters in a play-story written by them all. 
After writing the story students had to program 
their robots in order to perform their roles in the 
play. The initial goal was to accomplish those 
tasks in order to make a play with the robots as 
characters. The play was not done in this first 
moment of scenario’s implementation. 

In the second moment of scenario’s 
implementation, students, teachers and 
researchers decided to make a film, using the 
produced play and followed the storyline. 

Students established new tasks to produce 
the film and they created teams to accomplish 
those tasks. Each student has chosen in which 
team(s) they wanted to work in. 

 

Figure 2. Students programming and testing 

 

Figure 3. Students filming 

Two teams were created to program the 
robots and one team for each one of the robots’ 
models. The voices team was constituted by 10 
students who gave voices to the 10 constructed 
robots. The voice team recorded the voices 
using the Microsoft Audio Recorder and chose 
the film’s soundtrack. The film was edited, 
using the Windows Live Movie Maker, by the 
editing team. Some students were responsible 
for the filming and others were in charge of the 
lights. Based on the story written previously, 
the direction team wrote the script for the film 
and this team was also responsible for making 
the communication between all the involved 
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teams. 

According to the created storyboard, 
students from both classes decided to build, in 
the art classes, the ‘scenarios’ needed for 
filming the movie. 

All students decided that Year 3 class would 
construct the ‘floor’ in which filming will be 
made, and Year 4 class would be responsible 
for the ‘vertical’ scenarios. In order to 
accomplish those tasks, students explained to 
arts teachers from both classes how the robots 
will perform the scenes in the film, how they will 
move on the filming scenario and which 
environments would be necessary to create (a 
restaurant, a park, a castle, …). The researcher 
followed and participated in the arts classes. 

4. Hands-on Mathematics with robots 

When teachers and researchers designed 
with students the learning scenario they didn’t 
specified what mathematical contents would be 
specifically worked with scenario’s 
implementation. 

The idea was to design a project with robots 
based on a big theme: the construction of 
robots that were to be characters in a play-story 
written by them all (students from both 
classes). Both, teachers and researchers, 
believed that, this will provide students with 
opportunities to develop their ability to find as 
well as solve problems where mathematical 
contents (and others) will emerge in the 
ongoing practice. 

Although mathematical contents have not been 
the tone for activities, it was intentionality 
shared by researchers and teachers to seek 
and to take advantage of times when the 
inclusion of the contents were significant and 
(or) emerged from working with robots. 

 
Figure 4. Students discussing robots’ 

programming 

When students started the robots project, 
teachers were aware that Year 2 students 
haven’t yet learned how to make conversions 
between different measures of time (hours, 
minutes and seconds). Because robots’ 
programming was made by defining the time (in 
seconds) in which motors and sensors will 
produce some outputs, that knowledge 
emerged from programming robots. 

Students needed to make those conversions 
between minutes and seconds more frequently 
to better program the robots’ actions. 

By programming robots, students learnt to 
predict how a robot will move from one place to 
another, by establishing time and directions for 
that action. Robots programming was a very 
productive field for mathematical concepts’ 
emergence such as positioning, orientation, 
duration, trajectories, direction and movement. 
By dealing with robots was a powerful 
opportunity to make students solving 
mathematics problems in a very specific 
context. 

 

Figure 5. Robots moving in lines and 
roundabouts 

When students were filming in the second 
moment of scenario’s implementation, they 
wanted to put roundabouts and streets to 
define robots’ trajectories (Fig. 5). This intention 
emerged when Year 3 students were working 
on arts classes, creating the ‘floor’ for the 
filming. 

The researcher knew that those students 
had not studied yet the circumference and 
lines’ positions in their regular classes. The 
construction of roundabouts and streets on the 
floor seemed to represent a good way of 
students discuss and expand those 
mathematical topics. 
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By assuming that, the researcher talked with 
Year 3 teacher and with the arts teacher and 
purposed that the construction of roundabouts 
and streets could be made both in regular 
classes and in arts classes. This 
interdisciplinary was essential to promote the 
discussion about mathematical issues that 
emerged from constructing the scenarios 
required for the filming. 

In regular classes Year 3 students analysed 
how they could construct the roundabouts 
using circumferences. This situation led to the 
discussion of certain mathematical topics such 
as the study of the circumference elements and 
its definition (radius, diameter, chord, arc,...). At 
that moment, those students also learnt how to 
use compass to perfectly draw circumferences. 
Those mathematical topics had not been 
studied before in the Year 3 classes. Its study 
emerged from the work with robots and from 
students’ willingness of programming robots to 
move in roundabouts. 

There was also a connection between the 
way the lines were placed on the floor (Fig. 5) 
and how students claimed that robots would be 
programmed to travel over them. The parallel 
lines emerged from students not wanting that 
certain robots met each other’s when they were 
moving across them. 

Students noticed that it was possible that 
two robots moving in two intersecting streets 
(lines) would not find each other. However, 
students concluded that if it was a requirement 
that two robots would not find each other it will 
be easier to guarantee it if they were moving in 
two parallel lines, instead on intersecting lines. 
In terms of programming, by using parallel 
lines, students would not have to worry about 
time and distance so that the robots do not 
meet each other. 

Once again, in this moment of scenario´s 
implementation, Year 3 students had not 
studied yet the mathematical definition of the 
lines positioning. Those students were talking 
about those lines (streets) but they didn’t used 
the mathematical terms such as parallel or 
intersecting lines. That terminology was used 
by the Year 4 students when they were talking 
about the positioning of the streets (lines) on 
the floor. 

Researcher and teachers promoted the 
discussion between students from both classes 

about those words and their meaning in 
mathematics. The meaning of parallel and 
intersecting lines was negotiated in the practice 
of constructing the floor (in arts class) in which 
the robots would be moving in the filming. 

It surely has been a great contribution to 
students’ mathematics learning that this 
learning scenario was designed involving 
students from two different school levels, 
working together with robots. The position of 
Year 4 students represented a significant 
contribution to the emergence of mathematical 
contents on the school practice of Year 3 
students. The study of the lines was a great 
example of it. 

Students of Year 3 expanded their 
knowledge about lines and started using a 
mathematical vocabulary that was from now on 
shared by all students that were working on the 
project. On the other hand, students from Year 
4 needed to make those contents clear to 
others, contributing so that these specific topics 
also become clearer to themselves. 

5. Conclusions 

Modern technologies are changing the world 
we live on, as a result also give us a multitude 
of tools and ways of learning. 

In this learning scenario, robots transformed 
the way students and teachers participate and 
the forms they were engaged in a school 
practice [3]. 

The use of robots in this learning scenario 
contributed to the emergence of mathematical 
concepts, and others. Robots were a powerful 
tool to students perceive, use, expand and talk 
about mathematical concepts. 

Despite the contributions that robots brought 
to this learning scenario, we cannot disregard 
the working methodology advocated. Our 
positioning towards learning – as participation 
in social practices – led to a working 
methodology with certain characteristics that 
potentiate the learning scenario. Cooperation 
and interdisciplinary activities that 
characterized the project, formation of 
heterogeneous working groups, with students 
from both classes, positioning of teachers and 
researchers, decision-making and a negotiated 
sense of responsibility and accountability were 
certainly aspects that potentiate this learning 
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scenario [4]. 

By arguing that learning occurs when people 
participate in social practices, we may say that 
there are many aspects that we identify as 
mathematics learning. Mathematics learning 
implies the learning of mathematical concepts 
but also the way students use them to solve 
problems and the way they negotiate the 
meaning of those concepts in different school 
practices (mathematical or not) [5]. 

There are many other components that we 
assume as crucial to mathematics learning, 
beyond the learning of mathematical concepts, 
as we mentioned above. To communicate 
mathematical ideas in a coherent manner and 
with a correct vocabulary, to test hypotheses 
and formulate conjectures, to evaluate 
statements and strategies from others, to 
develop and evaluate inferences, are essential 
aspects that we identify as mathematics 
learning. Throughout scenario´s 
implementation, it became clear that many of 
these aspects have emerged naturally in a 
natural way, in the way students participated. 
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Abstract. We have developed some 
computational and interactive resources, 
suitable for teaching mathematics in Higher 
Education. 

In this paper we show some examples of 
these resources to be used in the context of a 
Calculus course and discuss the advantages of 
this approach in teaching. The examples 
presented in this paper allow students to 
explore, from a geometrical point of view, the 
mathematical concepts of limits and of partial 
derivatives of functions in two variables. 
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1. Introduction 

Over the last years we have seen a great 
technological evolution. This evolution has 
influenced the way we live causing profound 
changes in our society. It changed the way we 
interact and how we live, having also produced 
profound changes in the way we teach and 
learn. The potential use of technology in 
education is evident and calls for a change in 
teaching methodologies. 

In higher education the need to change 
teaching practices was also felt in order to 
explore the potential of technology. For 
example, David M. Harrison of the Physics 
Department at the University of Toronto – 
Canada, created a large number of animations 
that students use during classes to better 
understand physical phenomena [2], [3]. 

Many authors have advocated the 
importance of using technology in the teaching 
of mathematics. For example: “Visualization, 
numerical and graphical experimentation, and 
other approaches have changed how we teach 

conceptual reasoning in fundamental ways” 
(from [1]). “Technology is an essential tool for 
learning mathematics in the 21st century, and 
all schools must ensure that all of their students 
have access to technology” (from [4]). 

Starting from these premises, we developed 
computational resources to provide support to 
the study and understanding of Mathematical 
concepts taught in Higher Education. In this 
article we will present some examples of these 
resources, adequate for the teaching of a 
Calculus course. With these examples it is 
intended to address mathematical concepts by 
exploiting the potential of technology in terms of 
three-dimensional representation and 
characteristics such as interaction and 
manipulation. These resources make the 
learning process more dynamic, allowing the 
manipulation of objects and performing 
simulations, which in turn contributes to a better 
understanding of abstract concepts. 

2. Developed computational resources 

In this section we present some of the 
computing resources that we have developed 
and we will explain what is expected to achieve 
with them and the advantages they bring to the 
understanding of mathematical concepts. The 
examples in this section address, from a 
geometrical point of view, the mathematical 
concepts of limits and of partial derivatives of 
functions in two variables. Using these 
resources, the students are invited to explore 
and to draw their own conclusions and, thus, 
obtaining a better understanding of the notions 
and properties. 

2.1. Limit of a scalar function in two 
variables 

In the following example, students can 
explore what is happening to the values of a 
function when (x,y) approaches (0,0) using 
different directions. More specifically, they can 
use a family of lines y=mx. Using a slider, they 
can change the value of m, the slope of the 
lines. The limit of the function along the path is 
displayed as dynamic text which automatically 
changes according to different values of m. 
Using this dynamic figure, students can see 
that the value of the limit depends of the 
chosen path. 

Below we present a sequence of snapshots 
that illustrates the example. 
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This example can help students understand 
that the limit of a function must be independent 
of the path or direction chosen in the approach. 
That is, if different trajectories lead to different 
values then the limit does not exist. At this 
moment it is important to ask questions such 
as: what happens if the values of the function 
always approach the same value when using 
the family of lines passing through the point? 
Can we conclude that this value is the limit of 
the function? The next example will allow 
students to investigate these questions. 

m 1

1

m 5

5

 

 

2.2. Geometric Interpretation of Partial 
Derivatives 

In this example, students will explore from a 
geometrical point of view the concept of partial 
derivative of a function f at a point (x0,y0). 

The students can show or hide the planes 
x=x0 or y=y0 using checkboxes. They can use 
sliders to change the values of x0 and y0. It is 
also possible to rotate the 3D graphic. The 
presented graph adapts to the selected options 
showing the surface (the graph of f), the 
selected plane (x=x0 or y=y0), the curve C that 
results from the intersection between the 
surface and the plane, a movable point (x0,y0) 
and also the tangent line to the curve C at (x0,y0, 
f(x0,y0)). 

m 0.5

 

The students can explore this example 
guided by a list of questions such as: What is 
the black curve represented in the surface? 
What seems to be the strait line represented in 
the graph? What do you think is the relationship 
between the strait line represented in the graph 
and the partial derivative of f with respect to y at 
(x0,y0)? What is the sign of the partial derivative 
of the function with respect to y at (-1,-1)? 

It is expected that the exploration of the 
example and the answer to the proposed 
questions will allow a better understanding of 
the geometric aspect of partial derivatives. 
Also, it is useful for seeing the connection 
between this notion and the already known 
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concept of derivative of a function in one 
variable. 

m 1

m 10

10

 

3. Technical Aspects 

Some of the resources were created by us 
and others are a result of adaptations from 
Wolfram Demonstrations Project [5] and [6]. To 
create the resources presented in this article 
we have used Mathematica because of its 
three-dimensional representation features. 
These files were stored in the CDF format 
allowing free access to all users even if they do 
not have the Mathematica software installed in 

their computer. They just have to install the 
CDF Player, which is free and can be 
downloaded from the Wolfram site. 

fixar o plano x�x0

fixar o plano y�y0

x0

y0

f �x, y�� 1
2

�x2 �y2�
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x0

y0

f �x, y�� 1
2

�x2 �y2�

 

4. Future Work 

Throughout this article we have presented 
some examples of interactive computing 
resources. We are currently developing an 
interactive set of lecture notes for a Calculus 
course taught at the University of Madeira. 
These lecture notes will contain the interactive 
resources accompanied by guiding tasks for 
the students. Despite being an ongoing project, 
we believe that this will be a useful tool to 
support the teaching since it will create a more 
productive educational environment, where 
students can view, manipulate, and interact 
with different objects and therefore, promoting 
a better understanding of concepts (see also 
[8]). We shall analyze the effect of this 
approach in the students’ learning process. 
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5. Conclusion 

There are many references to the use of 
technology in teaching mathematics. For 
example, we quote a recommendation of the 
National Council of Teachers of Mathematics 
(NCTM) [13]: “Technology is essential in 
teaching and learning mathematics; it 
influences the mathematics that is taught and 
enhances students’ learning”. 

We have developed some computational 
and interactive resources, suitable for teaching 
mathematics in Higher Education. These 
resources allow the learning process to be 
more dynamic since it involves manipulation of 
objects and simulations, which in turn 
contributes to a better understanding of 
abstract concepts. 

We believe that this will be a useful tool to 
support the teaching of the course by providing 
an educational environment where students 
can take an active role in their learning, through 
the visualization and interaction with different 
objects. 
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Abstract. Located near Tagus estuary, in an 
area formerly rich in saltworks, the basic school 
EB 2,3 Álvaro Velho in Lavradio, Barreiro 
started to develop on 2013/14 the pedagogic 
project “Citizenship and Sustainable 
Development, Think Global, Act Local”. 

In this context was born the club, “Friends of 
Nature”, to promote environmental education 
activities with the collaboration of 
schoolteachers from different disciplinary areas 
and community organizations like the 
Foundation for Environmental Protection and 
Management of Samouco Saltworks 
(FPGASS*), National Reserve of Tagus 
Estuary (RNET*) or the Barreiro town council 
(CMB*). The field trips to Samouco saltworks 
organized by this club were opened to other 
publics and allowed the observation, on direct 
contact with nature, of the characteristic 
biodiversity of this ecosystem that acted as "an 
outdoor laboratory". Using Learning Outside 
Classroom (LotC) methodology, generally 
through Inquiry Based for Science Education 
(IBSE), the success of the activities developed 
and listed on the club’s blog 
(http://alvarovelho.net/cefjard/), highlights that 
students have learned to appreciate this 
wetland, because they showed a conceptual 
change of their initial idea that, “wetlands are 
sludge ecosystem without life”. 

Keywords. Environmental education, 
Learning Outside Classroom, Samouco 
saltworks, Tagus Estuary biodiversity. 

1. Introduction 

The basic school of 2nd and 3rd cycle - EB 
2,3 Álvaro Velho in Lavradio, Barreiro – is 
located on Tagus estuary, occupying an area 
formerly rich in saltworks (Fig. 1). In 1790 this 

estuary had 247 marinhas1 that produced 
104900 moios2 per year [1]. The Portuguese 
salt reputation was huge, due to his whitest 
colour and low insoluble substances content. In 
our country, this salt was used in domestic 
activities and in industry, including the supply of 
national fleet cod fishing. But, the rapid 
industrialization of the zone that began in 1958, 
ended with the Barreiro’s saltworks. The landfill 
of these wetlands led to the loss of a great 
biodiversity, namely many clams like the 
Portuguese oyster (Crassostrea angulata) and 
the “lambujinha” (Scrobicularia plana) [2]. 

The saltworks or “marinhas” are included, 
since long time, in the estuary marginal 
landscape, revealing a strong connection 
between coastal community and its river. In 
addition, they housed a great biodiversity 
constituting an area of food supply and 
protection for many organisms. Safeguarding 
this heritage is to protect a site of natural 
beauty and preserve some of our cultural 
identity [3]. 

Figure 1. Old saltworks; nowadays Avenida das 
Nacionalizações [2] 

To mitigate the environmental impact 
caused by the construction of the Vasco da 
Gama’s bridge was created in 2000, the 
Foundation for Environmental Protection and 
Management of Samouco Saltworks 
(FPGASS*), beside National Reserve of Tagus 
Estuary (RNET*). The recognition of the public 
interest of the natural heritage of this 360 
hectare area allowed its inclusion in the special 
protection zone (ZPE*) of Tagus declared 
under the Birds Directive [4]. The Salina 
complex of FPGASS consists essentially of a 
                                                 
1 - Saltworks 

2 - Measure used by salt workers, equivalent to 750kg 
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series of tanks separated by artificial dikes and 
creeks, where the salt processing is handmade. 
In this ZPE there are also agricultural areas, a 
small forest spot and small patches of marsh 
and dune vegetation. Flamingos are the most 
popular waterfowls here observed, reason why 
they were chosen for the foundation logotype. 

Beginning on 2014 the education project of 
Álvaro Velho’ school, “Citizenship and 
Sustainable Development, Think Global, Act 
Local” has as main objective to acquaint 
students with the local environmental reality 
and, through the knowledge of the region 
history, guide the understanding of the causes 
of the rapid changes that took place on the last 
two centuries, on their residential area, 
Lavradio-Barreiro. In this context was born the 
sciences club, “Os Amigos da Natureza” 
(Friends of Nature), in order to incite several 
activities to promote environmental education. 
The 17 students of this club were able to 
compare neighbouring ecosystems with 
different conservation status – the ZPE on 
Samouco saltworks, the RNET and the Barreiro 
industrial area. 

The field trips to Samouco saltworks 
organized by “Friends of Nature” were open to 
other publics and allowed direct contact with 
nature, to know in loco the characteristic 
biodiversity of this ecosystem that acted as "an 
outdoor laboratory". A multidisciplinary 
approach to environmental education was 
possible, attending to the active participation of 
several teachers that, within their disciplines, 
have prepared outdoor activities whose topics 
were further developed within their classes. 

The activities carried out by the students of 
this club are described on a blog: 
http://alvarovelho.net/cefjard/, and some of 
them are here described and analysed. 

2. Birdwatching 

The birdwatching activity carried out on ZPE 
(Figure 2) was for some students the chance to 
see by the first time, waterfowls. The 
recognition of the importance of this habitat for 
migratory birds became obvious primarily for 
wintering species that find here, shelter, food 
and a nesting site. A convenient birds 
observation was made with binoculars and 
telescope and identification appealed to 
specific guides [5, 6, 7]. 

The knowledge acquired on key aspects of 
this ecosystem’ dynamics triggered an increase 
of respect and regard for this ZPE originally 
seen as “just a muddy place”. 

Beyond the fascination with flamingos and 
the smaller birds previously overlooked, the 
donkeys from Miranda do Douro that are being 
bred on this ZPE, made the delights of all 
participants. 

 
Figure 2. Birdwatching and its identification 

3. Short film realization 

During the field trip, the students of the 
sciences club, made a “short film” in order to 
share their experience of environmental 
education, with the colleagues that stayed at 
school. 

Having emerged the opportunity to apply for 
the Portuguese Association to Environmental 
Education (ASPEA*) project: “Dos Rios aos 
Oceanos: percursos entre muitas histórias”, the 
club short film was the winner on the category 
of online public voting. This short film may be 
seen on: 

https://www.youtube.com/watch?v=CtjLSSk
FW_c 

The prize was a trip to “Centro Interpretativo 
da Serra da Estrela” and to the “cineEco of 
Seia”, on the 10th October 2014. The ASPEA 
also promoted a meeting in “Parque Biológico 
de Gaia” to celebrate the World Environment 
Day – 5th june. A guide visit to this Biological 
Park was completed with the opportunity to 
know the work of colleagues from other schools 
on the environmental thematic. 
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4. Salt production 

By hands on activities the students got 
knowledge about the history and culture of salt 
production. Individually or in teams, they 
manipulated objects related to the salt 
production process. They were “salt workers” 
for one day, conducting salt scraped (Fig. 3) 
and after that, weighing and packing the salt 
obtained. 

 
Figure 3. Salt scraped with squeegee 

Using diverse aromatic plants they also 
made salt aromatization (Fig. 4). 

 
Figure 4. Salt aromatization 

The success of these activities resulted in 
scheduling new sessions extensible to the rest 
of the school community, including teachers 
and employees. Despite the need to cancel the 
scheduled visit due to bad weather, this 
initiative will be held in the future as the 
considerable number of registrations evidences 
the great interest of the community. 

5. Halophytes 

The Learning Outside Classroom (LotC) 
methodology [8] used in this sciences club, was 
associated with Inquiry Based for Science 
Education (IBSE) methodology [9, 10], for the 

study of the marsh plants. Data collection made 
by the students, during their observations, was 
performed by photographic records and written 
notes. Analysis of plants’ characteristics 
allowed its identification with the help of some 
specialists. As it’s not easy to find guides for 
identification of these plants that are salt 
tolerant, after the research on halophytes’ 
special features, students made a poster 
summarizing the information gathered, to share 
their knowledge with the community. 

Figure 5. Salicornia ramosissima 

Figure 6. Hands on Salicornia 

5.1. Salicornia ramosissima 

Among the ZPE halophytes, Salicornia 
ramosissima (Fig. 5) is an edible one. It is a 
very nutritious plant with antioxidant and 
anticancer properties, being an alternative to 
salt, particularly interesting to hypertensive 
people. 

This succulent plant with jointed and quite 
branched stems may be dark green, yellowish-
green or even red-purple depending on their life 
cycle. Their opposing leaves are held together 
thru the stem forming a fleshy articulate. Its 
propagation is through seeds and/or stem 
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segments [11]. Known as “green salt” or “sea 
asparagus” its properties, namely the nutritional 
ones [12], made this plant a gourmet product 
that is being marketed in Portugal, with a 
considerable success. 

5.1.1. Cookbook 

With an extended knowledge about 
halophytes and having tasted the “sea’ 
asparagus” the students were stimulated to 
experimentation. In collaboration with the 
cooking club, several recipes with this 
ingredient have been tried (Fig. 6). 

These experiences culminated with the 
publication of a cookbook by Santillana 
publishers, in june. The book entitled: «Somos 
o que comemos... (SAL)icornia, alternativa 
para uma dieta saudável» [We are what we 
eat...(Sal)icornia alternative to a healthy diet], 
was financed by Ilídio Pinho Foundation and 
has the collaboration of various partners. 

To promote the parents participation on the 
scholarly life of their children’s and stimulate 
the sustained management of resources, a 
workshop will be realized to present the book 
and taste some of its recipes. 

6. Conclusion 

With these “Hands on” projects the students 
were able to acquire different kinds of skills: 

 Development of scientific literacy; the 
syllabus learning through practical 
activities allow self-construction of 
learning; 

 Conducting scientific work - aiming the 
development of procedural learning; 

 Enhancement of social and personal 
development; 

 Creativity stimulation through the 
expansion of new horizons; 

 Increased awareness to environmental 
sustainability issues and consequent 
acquisition of responsible attitudes. 

So, these methodologies must always be 
included on these learning levels’ curricula, 
although a better logistic and financial support 
is needed to allow its realization and improve 
its outcomes. 
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Abstract. Each year, our students are asked 
to carry out a home-made experiment that must 
deal with some of the issues studied in the 
Physics lectures. This not only becomes an 
exciting assignment for them but also a source 
of creativity. Many of the experiments involve 
original solutions and create an opportunity to 
go deeper into different basic concepts. The 
experiment selected for this article was 
conceived and designed by the two students 
who are co-authors of this paper. It allows 
some topics of basic electromagnetism to be 
studied and experimented with. The objective 
of this work is to take advantage of a simple 
home-made experimental system for the 
development of active teaching and learning, 
based on a hands-on science experiment. The 
experiment consisted of the interaction 
produced between a wire coil and a magnet. In 
particular, the idea of equilibrium and stability of 
a dipole in a magnetic field is explored here. In 
addition, some other related concepts arise, 
such as eddy currents, relationships between 
the magnetic field created by a dipole and its 
magnetic momentum, diamagnetism, etc. 
Doing the experiment involved taking 
measurements, both dimensional and 
electromagnetic, assuming simplifying 
hypothesis and comparing theoretical and 
experimental results. 

Keywords. Hands-on learning, home 
experiment, Problem-based learning, magnetic 
dipole, solenoid, magnetic force, equilibrium, 
stability, magnetic field measurement. 

1. Introduction 

The concepts of balance and stability are of 
great importance when understanding and 
modeling the behavior of many physical 
systems of different kinds. The fields of 
mechanics, electromagnetism and thermo-

dynamics are more easily explained when a 
point of view is taken that analyzes balance 
and stability on the basis of potential energy. 
Even when systems in evolution, and thus out 
of balance, are studied, both concepts are of 
help in the understanding the initial and arrival 
states, in addition to the fact that throughout the 
process the evolution of the potential energy 
function is an important factor to take into 
account. 

For this reason we consider it to be 
important when teaching physics for students to 
reach an understanding of this approach, and 
acquire the ability to apply it when explaining 
the behavior of different types of physical 
systems. In this sense, it is necessary for them 
to know the difference between concepts of 
balance and stability, which are often confused 
in colloquial language. The student is usually 
drawn to an erroneous preconception that 
identifies balance with unstable equilibrium, in 
such a way that the only things in balance are 
"on the edge of falling". Students should also 
know that obtaining the potential energy of a 
system and studying the singular points of its 
mathematical function make it possible to 
predict its behavior. Calculation of the forces 
that are derived from this function leads to 
analysis of the system’s response to external 
perturbations. In the case of stable balance 
these forces will tend to recover the initial state, 
whereas an unstable one involves keeping the 
system away from it indefinitely. Familiarizing 
students with these concepts means providing 
them with a tool to enrich their vision of the 
physical world and, therefore, will be of interest 
both for science and technology 
undergraduates, including those studying many 
fields of Engineering. 

The work presented here is the result of a 
small-scale project carried out by two students 
in the first year of a General Physics Course at 
an Industrial Engineering School. Both are co-
authors of this article. It was proposed that 
groups of two or three pupils in their class 
should devise a physics experiment that could 
be done in their own home, and then 
implemented in the classroom for all their 
classmates. They were also requested to give a 
simple explanation of the theoretical basis and 
explain details with the aid of a Power Point 
presentation. They were suggested a number 
of possible topics as well as bibliographic 
sources [1], including web pages [2]. The 
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initiative was well received by the students and 
we believe that it was an exciting task for most, 
both for the realization of the experiment itself 
and for its presentation in public. 

The experiment, analyzed in a Problem-
Based Learning approach [3], that has been 
selected to show here was conceived and 
designed by the co-authors of this paper. It is 
described below, and allows some topics of 
basic electromagnetism to be studied and 
experimented with. The objective of this work is 
to take advantage of a simple home-made 
experimental system for the development of 
active teaching and learning, based on a 
hands-on science experiment. It was decided, 
therefore, to preserve the simplicity of the 
students’ initial design and to sidestep issues 
that could end up blurring the fundamental 
concepts which were the initial intention. Thus, 
the use of more complex and precise laboratory 
equipment has been avoided, and an attempt 
has been made to simplify the mathematical 
analysis of the experiment, in order to provide 
better clarity of the principles involved, since, at 
the end of the day, this work is designed for 
students of a first year General Physics course. 
Proper complementary information can be 
found in different bibliographic sources [4,5,6]. 

The fundamental element consisted of a 
lead wire wound around a plastic tube through 
which a voltage flows, and a magnet that is 
dropped inside. The students observed that the 
magnet entering the tube could be trapped at 
the height of the coil or be repelled by it, 
depending on the orientation of the magnet. In 
the first case, the magnet oscillates as if it was 
attached to an elastic spring. The students also 
found a copper tube that fitted well inside the 
PVC one, so they could do the experiment both 
with and without conductive tubing, without 
having to wind the cables again. 

In our view, the study of this coil-magnet 
system makes it possible to analyze two 
equilibrium states, stable and unstable, as an 
application of knowledge concerning 
magnetism: the potential energy of a dipole in a 
magnetic field, the force of a magnetic field 
over a dipole, as well as the relationship 
between potential energy and the force. It will 
be shown that the potential energy of the 
magnet presents a maximum or a minimum in 
the center of the coil, depending on its 
orientation, and the force required to remove 
the magnet from the coil in steady state or to 

overcome the force exerted by the coil on the 
magnet in the unstable one can be calculated. 
Swapping the PVC tube with the copper one 
also lets students observe the cushioning effect 
exerted on the movement of the magnet in its 
interior due to eddy currents generated in the 
tube when the magnet slides inside. Also the 
weak diamagnetic effect of copper was noted 
by measuring the field created by the coil both 
with and without copper. 

2. Description of the experiments 

Experiments and measurements in this 
project were conducted with the following 
apparatus (Figure 1): 

 A coil of wire coiled around a PVC pipe. 
 The proper caliber of copper tubing to fit 

inside the PVC one. 
 A DC power source. 
 A multimeter in amperimeter mode. 
 Four neodymium magnets attached in 

series. 
 A teslameter formed by a Hall probe and 

digital readout driver. 
 A dynamometer. 

The first thing that students observed once 
current was passing through the coil was that 
when a magnet oriented in the same direction 
as the field of the coil was made to approach, it 
was attracted and trapped in the pipe and the 
height of the coil, and could oscillate around 
this position (Figure 2). They also observed the 
difference between doing this with only the 
PVC pipe and doing so with the copper one 
inside. In the former case the magnet should be 
introduced slowly so that it does not fall past 
the equilibrium position and escape through the 
opposite end of the tube. It is, therefore, 
preferable to attempt this with the tube in 
horizontal position: once the magnet is trapped, 
the tube could then be rotated into an upright 
position. On the other hand, they noted that 
with the copper tube there was no danger of 
the magnet escaping from the position of 
equilibrium since its movement was appreciably 
slower. In both cases, therefore, the force 
exerted by the field of the coil on the magnet 
was sufficient to compensate for the weight and 
prevent it from falling [Figure 1]. 

Subsequently, they made an approach with 
the magnet oriented opposite to the coil field: 
They noted, as hoped, that it was repelled, but 
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they tested to see that if it was forced through 
the coil, then it was rejected out of the opposite 
end of the tube. They also realized that the 
magnet had a tendency to turn in order to have 
the same orientation as the field, although this 
turn was hindered by the narrowness of the 
tube. This could jam it inside the tube and then 
the power had to be switched off to let the 
magnet come out. 

 

Figure 1. Main set-up: copper tube with a coil of 
wire coiled around a PVC pipe 

Initially, the students performed this 
experiment at home before presenting it to 
peers in class. However, as they showed 
interest in more accurate measurements to 
quantify the facts that they had observed, it was 
decided to carry it out in the physics lab using 
the measuring devices listed above. This gave 
an opportunity to focus on a number of basic 
concepts of magnetism, as well as their mutual 
relationships that have proven, in our view, to 
be very enriching. 

The potential energy Ep of a magnet with 
dipole moment mi within the magnetic field Bc 
produced by the coil is: 

cip BmE


                             (1) 

This is an expression in which the field can 
be approximated by a coil with a current 
intensity NI and radio c. 

 

 

 

Figure 2. Magnet attracted and trapped inside 
the cooper tube 

This is justified by the fact that, as shown in 
Figure 1, the overlapping turns makes the 
winding rather concentrated, in such a way that 
c is really an average radius: 
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where x is the distance from the median 
plane of the coil to a point on its axis. When this 
last expression is represented graphically, it 
can be seen that it corresponds to a well of 
potential in which a stable equilibrium position 
is the minimum of the mathematical function. If 
the magnet changes to an opposite orientation, 
the field of the solenoid would change its sign, 
in such a way that the balance point will be a 
maximum of the potential energy and the 
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equilibrium would become unstable. 

 

Figure 3. Potential energy Ep, equation (2) and 
the strength of the magnet, equations (3) and (4), 
as a function of the distance x from the median 

plane of the coil to a point on its axis 

The value of the strength of the magnet is 
obtained by using the expression [7]: 
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where x corresponds to the position of the 
center of the magnet. As in the expression of 
energy in equation (3), if the magnet is oriented 
in the same direction as the field produced by 
the coil, the force is recovering and tends to 
lead it to the equilibrium position. When the 
orientation of the dipole moment of the magnet 
is opposite to the coil, it implies a change in the 
direction of the force, which then tends to expel 
it from the coil. It is easy to show that the 
function of force presents a maximum for the 
position x=0.5 c. 

On other hand, the force can also be 
calculated based on both dipolar momenta [8]: 
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where mi is the magnetic dipole moment of 
the magnet, mc that of the coil and x the 
distance between both elements. For the 
determination of the latter, and given the 
experimental conditions described, the 
approach has been to consider the distance 
from the center of the coil to the center of the 
magnet, in such a way that F for the position 
x=0.5·c should match the maximum value of the 
force predicted by expression (3). The accurate 
determination of the value of the dipole 
moments would imply a certain theoretical and 
experimental development [9] that would be 

beyond the remit of this study, and for 
educational purposes it could mask the learning 
of the central issues that matter here (see [10] 
for a more detailed and also more complex 
approach). 

The approach used, therefore, is one that is 
easy for students to understand and that is 
justified by the results. Both moments were 
calculated from their respective magnetic fields, 
measured by the teslameter, and applying the 
following expressions [7]: a) for the magnet, the 
field at one of its ends is: 
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Where a is the magnet radius (cylinder) and 
L its length; and b) for the coil, the field at the 
centre of its axis can be approximated by: 
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where c is the average radius of the coil, as 
was formerly explained, and l its length. 

Some other comments to specify these 
values: 

- As seen in the image (Figure 1), the 
winding had more dense overlapping areas, 
so an averaged length and radius have been 
estimated, respectively: l = 30 mm and c = 
18 mm. The number N of the turns of the 
wire is unknown and not all of them are of 
the same radius. With respect to the 
magnet, it consisted of a series of four 
neodymium cylindrical ones, with the same 
orientation and coupled together, so the 
pack forms a cylinder with radius a = 6 mm 
and length L = 40 mm. Its weight was 0,4 N. 

- Current intensity driven along the coil: 
I= 3 A. 

- Magnetic field produced by the magnet. 
The measured field produced by the 
described association at its end became Bi = 
400 mT. 

- Magnetic field produced by the coil: a) 
with only the PVC pipe: Bc = 6.22 mT.; b) 
with the copper tube inside: Bc = 6.17 mT. 

- Value of the forces needed to remove 
the magnet from the coil. The maximum 
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force required to remove the magnet from 
inside the coil in stable equilibrium position 
was measured with the dynamometer, both 
in horizontal and in vertical (in the latter case 
the weight was obviously subtracted). It 
resulted to be F = 0.6 N. Moreover, it was 
proved that its value was the same for the 
unstable equilibrium position. For this, the 
maximum force required to make the 
magnet, with its dipole moment opposite to 
that of the coil, come through the coil from 
one end to the other was measured.  

As has been stated, a series of 
measurements were conducted in the General 
Physics lab with the aim of quantifying the 
experiment. These are summarized in Table 1. 

Coil 
dimensions 

l = 30 mm Average values 
c = 18 mm 

Magnet L = 40 mm Four linerly 
coupled Nd 
cylindrical 
magnets 

dimensions a = 6 mm 
 w = 0.4 N 

Coil current 
intensity 

I = 3 A Safe range for the 
employed wire 

Magnetic 
field 
produced by 
the coil at 
its centre 
point 

without 
copper 
tube: BC = 
6.22 mT 

Weakness of the 
copper 
diamagnetic 
effectin addition 
with the small 
thickness of the 
tube 

with copper 
tube: 
BC = 6.17 
mT 

Measured 
maximum 
force over 
the magnet 

F = 0.6 N 
(horizontal) 
F + w = 1.0 
N (vertical) 

It fits well with the 
results of the 
mathematical 
expressions for 
the estimated 
parameters 

Table 1. Magnitude (left), values (center) and 
comments (right) 

These measurements made it possible to 
confirm that the approaches taken in the 
mathematical expressions given above lead to 
consistent results between experimental and 
theoretical values. 

3. Conclusions 

As mentioned above, the realization of this 
experiment involves a Problem-Based Learning 
approach that allows us to study some basic 
electromagnetic concepts: magnetic field and 
magnetic dipole moment of a coil; magnetic 

field and magnetic dipole moment of a magnet; 
magnetic forces between magnetic dipoles; 
magnetic potential energy of a dipole in an 
external field; stable and unstable equilibrium of 
a magnetic dipole; diamagnetic effect of 
copper; effect of eddy-current damping or 
braking. 

It is clear that a possible continuation of this 
work would be a study of the oscillation around 
the stable equilibrium position, with the 
magnetic force as recovery force, and this has 
not been ruled out as a future project. However, 
a decision was taken not to do so here in order 
to focus on the analysis of the concepts of 
equilibrium and stability that, in our view, and 
as has been explained above, should be well 
understood by students who are training in 
electromagnetism at a basic level in a General 
Physics course. 
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Abstract. Natural sources have been used by 
people because of growing demands. 
Unfortunately, irreversible mistakes have been 
made and natural balance has been broken. 
This is why, nature education is so crucial in 
developing environmental knowledge and 
environmental awareness for responsible 
environmental behaviours. As far as most of 
the researches are concerned, when the age 
decreases, students’ environmental attitude 
increases [1, 2]. So early age students’ 
knowledge, attitudes and responsible 
behaviours can be increased by outdoor 
activities (greenhouse activities, field trips etc.) 
[3] 

In the project we carried out at Enka School 
in 2014-2015 academic year, it is aimed at 
educating young people in order to increase 
their understanding of ecological sensitivity and 
develop their positive behaviours towards 
nature. Since environmental education is an 
interdisciplinary study, biology and geography 
teachers at Enka School worked together within 
the frame of this project. Nineteen high school 
students from grade 9 to 11 participated to the 
project between 24-26 April 2015. University 
collaboration was carried out successfully 
during the camp activities. 

Keywords. Ecological literacy, environmental 
education, nature education 

1. Introduction 

21. centurie’s people have to be the most 
sensitive against to the nature. Because, need 
of natural sources is increasing by the 
increasing human population. Using the 
sources unconsciously causes chances in the 
global [4], UNESCO emphazed that the people 
must have attitudes, behaviors and values of 
justice for protection the nature [5]. The people’ 
thoughts and behavior patterns or habits cause 
the basis of the environmental problems. 

Environmental behavior is the environment or 
any natural element directed conscious, 
planned and intentional activities or actions of 
human beings or societies [6]. Environmental 
education helps to people develop their 
perceptions, sense of responsibility and 
positive attitidues [1]. So, main aim of natural 
education is growing the people having 
environmental responsibility, who inform nature 
and nature problems, know how solve this 
problems and volunteere to solve these 
problems [7]. According to the findings of 
international works on environmental 
education, individual can get the environmental 
education in the secondary education by the 
most efficiently [8] 

Charles E. Roth, defined firstly 
environmental literacy in 1968, said that 
environmental literacy is the capacity to show 
people’s informations as behaviours and every 
one must show steps by order awareness, 
concern, understanding and behavior, in 1992. 
On the other hand, outside activities aim on the 
student; 

- To make sense of abstract concepts 

- To increase their motivation by improve their 
curiosity and interest 

- To provide students with positive 
developments in behavioral problems 

- To provide a sense of belonging to the 
community 

- To encourage students about experiment 
and asking questions [2]. 

1.1. Purpose of the study 

The purpose of present study is to detect 
environmental attitudes of high school students 
within behavioral and mental dimensions and 
determine the relation of attitudes with respect 
to several variables.This project aimed also 
measure the role of ecological literacy 
education with academic support in raising 
environmental awareness for students. 

2. Method 

This study was designed as a single group, 
pre- test and post-test, without control group 
design, experiment research pattern. Duration 
of our project, nineteen participant high school 
students (9th, 10th and 11th grade attending 
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from two different schools) including 8 females 
and 11 males, and three observer teachers, 
stayed at boarding accomodation within the 
school campus. 

A three-day work calander was determined 
for camp. First day activities were meeting and 
settling of students and night activities.The 
main aim of our study to answer research 
questions was carried out mostly second day. 
Because really important scientist gave 
presentations, themes were determined by 
academics. The last day, supporting field work 
was undertaken which academics deemed 
relevant to the project.  

3. Result and discussion 

Modern constructivism and Dewey define 
teaching has to be anchored to the everyday 
life of the students. We realized that 
environmental education issues are only 
theoretical in our geography and biology 
curriculum [9]. On the other hand, scouting, 
which involves both value education and 
reflective thinking, is one way of learning about 
nature in nature and developing action skills to 
protect nature [3]. In our project, students’ gain 
score on behavior item from posttest were 
significantly higher than that from pretest. This 
refers that ecology based nature education 
program significantly contributed to the 
development of responsible environmental 
behavior. 

Natural education and application in natural 
areas help to embody of topics which tell in the 
classroom [1]. We aimed with our project that 
environmentalism as a life style as a 
continuation of 1.Ecological Literacy Camp in 
our school in 2012 [10]. Our participants are 
twenty one high school students. The important 
matters to address are students’ feelings of 
being capable of doing something important in 
order to nature. scouting the nature by fearless 
and also funning. Experiences in outdoor 
activities developed strong empathic 
relationship to nature. The first and main 
feedback of students was understanding the 
colours of natures. They recognized animals in 
nature by touching them, flora- fauna, coastal 
withdrawal and people effects, aquatic 
ecosystems and environmental management 
by connecting basic units of biology and 
geograpy. This project created awareness in 
young people of the deteriorating environment 
and educated them to prevent further damage. 

1. Day: 24.04.2015-Friday 
17.00-
18.00 

Student Orientation and Settle in 
Room 

18.00-
20.00 

Dinner 

20.00- 
22.45 

Outdoor Cinema, The Way Back 

2. Day: 25.04.2015-Saturday 
07.30- 
08.15 

Breakfast 

08.15 – 
08.45 

Registration, Pre- Test Application 

08-45 – 
09.00 

Opening 

09.00 – 
11.00 

Prof. Dr. Ali Demirsoy, “ Danse of 
the Colors” 

11.00- 
11.30 

Break 

11.30- 
12.30 

Assistant Professor Dr. Mahnaz 
Gümrükçüoğlu, “ The Smart Land 

and Recourceful Water ” 
12.30- 
13.30 

Lunch Break 

13.30- 
14.30 

Dr. Hakan Durmuş, “ Mysterious 
World of Amphibians and Reptiles ” 

14.30- 
15.00 

Break 

15.00- 
16.00 

Assistant Professor Dr. Muhammet 
Kaçmaz “ Water and Human ” 

16.00 – 
19.00 

Free Time 

19.00 – 
20.00 

Dinner 

20.00 – 
22.30 

Sapanca Lake Trip 

22.30 - 
23.00 

Arrival to School 

3. Day 26.04.2015-Sunday 
07.30- 
08.30 

Breakfast 

08.30- 
09.00 

Movement to Poyrazlar Lake 

08.30- 
12.30 

Poyrazlar Lake Field Work 

12.30- 
13.00 

Lunch Break 

13.00- 
13.30 

Movement to Karasu 

13.00- 
15.30 

Karasu Port Field Work 

15.30- 
16.30 

Movement to School 

16.30- 
17.00 

Last Test Application 

17.00- 
17.30 

Giving of certificates to the 
participants and Closing 

Table 1. ENKA Ecological Literacy Camp Day- 
time Activities 
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Activities Activity Name( Night Time) 

1. Outdoor Cinema 

2. Discovery of Sapanca Lake 

Table 2. ENKA Ecological Literacy Camp- Night 
Activities 

Test n Min- Max Average SS 

Pretest 21 0- 84 58 6,66 

posttest 21 0- 84 67 3,74 

Table 3. Pretest Posttest Comparisons 
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Abstract. This paper presents part of an 
investigation from the first author’s master, 
whose aim was to discuss how Critical 
Mathematics Education in school contributes to 
the formation of critical and responsible 
citizens. The empirical basis of this study 
consisted in the implementation of a learning 
scenario which purpose was to work with 
students the critical analysis of some news in 
newspapers and magazines, whose topics 
were focused on Body Mass Index. Given the 
stated purpose of the study, we choose a 
qualitative research methodology with 
interpretative nature. 

Keywords. Critical Mathematics Education, 
Critical Citizens. 

1. Introduction 

The school should provide a social 
environment where students learn to live in 
society, by living. The responsibility of 
educating for citizenship should not be just a 
task of a specific school discipline, but from all 
those who are part of the school community [1]. 

If we want to promote and enrich the 
development of critical thinking in our students, 
therefore we must not explore problems based 
on ‘realities of make-believe’ that are illustrating 
mathematics as the science of hypothetical 
situations. But instead, if we choose real 
situations, connected with students´ daily life 
and related with students´ background and 
foreground, we will be certainly allowing their 
engagement during classes [2]. 

Therefore, it is necessary to make time for 
dialogue in the classroom, sharing opinions and 
discussing the topics presented in class. Only 
this way we will be able to avoid the students to 
become passive and indifferent, even the most 
curious, accepting all the information they are 
presented everyday without questioning. 

We believe the students will only and truly 
understand how the mathematical models that 
explain politics, economics, science and others 
work, if instead of adjusting real situations to 
the mathematical contents, we start by 
analysing those situations and from that 
analysis identify which mathematical contents 
support them. 

The learning scenario was created to be 
implemented with an 8th grade class, from a 
school in the suburbs of Funchal. ‘Extreme 
thinness’ was the theme of the learning 
scenario and it was prepared based on a 
magazine article, describing the low weight of 
some celebrities. The analysis of the magazine 
article encouraged students to explore the 
concept of Body Mass Index (BMI). In 
attempting to understand what relationship 
existed between height and weight to calculate 
BMI, students had a first contact with the literal 
equations. This mathematical content appears 
in a natural way, where the variables have a 
specific meaning, that is, not only a set of 
'alphabet letters' and symbols related to each 
other. 

The focus of this approach was not 
restricted to BMI calculation. Through the 
questions asked to students, we also tried to 
address diseases related with eating disorders 
that manifest themselves with some frequency 
on teenagers. We also end out discussing with 
students the power of media and how it affects 
students´ opinions on various subjects. 

2. Learning through Critical Mathema-
tics Education 

“Certain qualities of communication, which 
we try to express in terms of dialogue, support 
certain qualities in learning of mathematics, 
which we refer to as critical learning of 
mathematics manifested by the competence of 
mathemacy” ([3], p. 10). 

This learning approach for mathematics is 
based on communication and discusses that 
communication qualities are learning qualities. 
The student/teacher relationship influences the 
dialogue and, therefore, the learning process of 
the students. In this perspective, 
communicating comprises a deeper meaning 
than the common sense [3]. The learning 
process occurs in social contexts of 
interpersonal relationships. The quality of 
communication affects the learning of those 
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involved in the process. And the 
communication is directly related with the 
dialogue [3]. 

The student/teacher relationship might 
influence the dialogue and therefore the 
learning process of the students. According to 
Freire in Alro and Skovosmose [3], “dialogue is 
fundamental for freedom to learn. […] He 
defines dialogue as a meeting between people 
in order to ‘name to the world’” (p. 3). 

We will contribute for the students’ 
engagement during the activities developed in 
class through dialogue and the choice of tasks 
that are interesting to the students, adequate 
for their age, social context, related to their 
‘background’ (according to Skovsmose [4], it 
consists in a relationship network and socially 
built meanings, which belong to the history of 
each individual) and ‘foreground’ (according to 
Skovsmose [4], it consists in a group of 
expectations created by social situations that 
are introduced to the individual as possibilities). 
This way the students will be more awake to 
analyse and identify daily situations where 
mathematics is used abusively and in a 
misleading manner, with the intent of 
manipulating information and deceive the less 
attentive, or when it appears hidden and using 
more complex mathematic models. 

By critically approaching the Mathematics 
Education, we are contributing to the 
development of ‘mathemacy’, which according 
to Alro and Skovsmose it is “more than an 
understanding of numbers and figures, also 
more than an ability to apply numbers and 
figures to a variety of situations” ([3], p.136). 

In the Critical Mathematics Education, the 
education is focused on people and it “(…) 
prepares the students for democracy, whereas 
the traditional mode socializes the students to 
obey power and control” (Rogers in Alro and 
Skovsmose ([3], p. 4). 

3. Methodology 

The present investigation assumes a 
qualitative nature with an interpretative 
character, and its main purpose is to better 
understand the behaviour and the human 
experience, as Bogdan and Biklen [5] 
mentioned. 

This type of methodology assumes a 

naturalistic and descriptive nature about the 
empirical observation of the students’ 
behaviour, in light of specific situations, namely 
during tasks that involve critical thinking. 

The data collection was conducted in an 8th 
grade class in a school located in the suburbs 
of Funchal. 

In terms of the methodology used, direct 
observation should be highlighted. It played a 
very important role, as it allowed understanding 
in which way the students face the proposed 
situations and tasks and what is their opinion 
on the issues discussed in them. 

In this sense, the teacher walked through 
the classroom and dialogued with the students, 
while informally registered the most relevant 
comments and observations. The students 
were quite honest and spontaneous in their 
interventions, as the investigator is the 
mathematics teacher of the class, which 
created a confidant environment. 

After solving the tasks proposed, the teacher 
collected the written documents produced by 
the students, in order to allow a more detailed 
analysis of the presented opinions and 
explanations. 

4. Body Mass Index 

The Body Mass Index theme arouse in an 
attempt of raising awareness of the 
complications that can come from a poorly 
balanced diet and/or not adequate to their 
physical needs. Therefore, the purpose was not 
only to raise awareness of the diseases 
affecting young teenagers – anorexia/obesity – 
but also to approach certain mathematical 
contents. In this specific case, we wanted the 
students to be able to distinguish ‘algebraic 
expression’ from ‘formula’ and to identify them 
in a real context. 

In this sense, the students started reading a 
news article called “Extreme Thinness”, 
available at 
http://caras.sapo.pt/realeza/inglaterra/2011/08/
14/magreza-extrema-da-princesa-kate-podera-
impedi-la-de-engravidar. This article refers to 
Kate Middleton and the fact that her weight is 
below the acceptable level of thinness. It also 
mentions that this state is very dangerous for a 
woman who is trying to conceive and assure 
the next generation of the British royal family. 
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The magazine article also states that 
infertility is one of the consequences of low 
weight, and for that reason Kate Middleton has 
to revert this trend of losing wait, which started 
before her marriage. The article still includes 
her weight (43kg), her height (1,78m) and her 
BMI (13,6), so that the readers can better 
comprehend the situation. 

After reading the news, the students asked 
several questions to the teacher, showing 
evidence of their lack of knowledge on the 
subject, as well the will of knowing more about 
it. This way, the teacher dialogued with the 
students, questioning them not only about the 
meaning of the relationship between the BMI 
and the height of an individual, but also when 
those values are normal, and the implications 
when that relationship is not adequate. 

The teacher created a task with various 
questions [6], in order to facilitate the analysis 
of the news. The first question suggested that 
the students searched on the Internet how to 
determine the BMI and its reference values. 
There was a notorious interest and enthusiasm 
during this process. The search resulted in 
several pages where it was only necessary to 
insert the height (in meters) and the weight (in 
kilograms) in order to obtain the BMI. 

The students easily understood that was not 
enough to answer to the second question, 
which consisted in determining the weight 
range for Princess Kate, so that she would 
have a normal level of BMI. 

Therefore, the necessity of searching for a 
mathematical model that allowed to calculate 
the BMI arouse. 

After finding the formula, the students tried 
to determine the range asked. Although they 
had used other mathematic formulas in other 
contexts, the students had difficulties in 
answering the question using the formula. In 
other words, they struggled when they tried to 
relate the formula with the apparent non-
mathematical question. The teacher had to 
pose several questions as an incentive to the 
students, so that they would keep trying to 
complete the task. 

 The third question provided information 
about the weight and BMI of another 
member of a European royal figure and 
asked the students to calculate the height of 

that individual. While solving this question, 
the students showed more confidence and 
ease using the BMI formula. 

 The last question of the first task consisted 
in commenting a sentence from a British 
duchess: “a woman is never … too thin”. 
Some students found the question very 
pertinent, some found it not related with 
mathematics. 

 It is not natural for the students to search 
about issues that they read or to use 
previous acquired knowledge to better 
understand economic, social and political 
aspects. This attitude might also be related 
to the fact that the school does not enhance 
this habit, especially in the context of a 
Mathematics class. 

 During the discussion of the last question, 
the concern and awareness raised in some 
of the students was visible, in what concerns 
the power of social media and its influence 
in the way young people think. They 
recognised they are not used to question the 
content of the information they read in the 
media, assuming it is the truth. Through 
dialogue, the teacher was able to make the 
students reflect about a statement, using 
mathematics. 

 In the second task it was discussed what 
was necessary in order to have a healthy 
life. It was concluded that it would be 
necessary to keep the weight within the 
normal level, be physically active, and follow 
a healthy diet. Besides the quality of the 
diet, it would be also necessary to know the 
energetic needs of each individual. 

 Afterwards, the students were asked to 
calculate their energetic needs. For that 
purpose, they used a formula provided for 
the task, in which they had to take into 
account their reference weight and their 
current activity factor. 

By solving this task, the students understood 
that the energetic needs vary and are directly 
related to gender, age, height and activity 
factor. 

After the discussion of this task, the students 
showed curiosity in searching the calories 
contained in the food they usually eat. They 
were quite surprised with the amount of 
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calories in a fast food meal. For some, it 
corresponded to the energetic needs of an 
entire day. 

All this work resulted in the students 
mentioning that they had no idea that a field 
like nutrition had such a need for the use of 
formulas. Some even reinforced the fact that 
“mathematics is present everywhere” and for 
that reason it was very important to analyse, 
comprehend and criticise the mathematical 
models adopted by society. 

5. Conclusions 

In the past decades, there have been 
several technological advancements, which 
allowed for social, political, cultural and 
economic transformations. This modification 
has introduced a new challenge for 
Mathematics Education – to make the students 
mathematically competent, so that they can 
understand these hidden mathematical models 
in daily situations. For that reason, the Critical 
Mathematics Education was taken into the 
mathematics classroom. 

The tasks proposed and the work 
methodology adopted in this learning scenario 
allowed for dialogue to enhance the 
fundamental characteristics to the critical 
learning of Mathematics. When the students 
were discussing the issues mentioned in the 
news, they would present their justifications 
based on mathematical concepts, even if they 
did not understand all the mathematical 
aspects of the news. Therefore, the 
mathematical contents approached arouse 
from the dialogue, the past experiences of the 
students and the previous acquired knowledge. 
They arouse naturally, even though the teacher 
had the intent of approaching those specific 
contents. 

From the data analysis we can highlight the 
importance of the tasks covered by the 
students being related with real situations and 
somehow linked to the students’ backgrounds 
and foregrounds, for the purpose of triggering 
in them the intention to learn.  

We can also say that with this learning 
scenario students have been working at the 
level of critical thinking development and social 
responsibility using mathematics. 
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Abstract. Inscribed in the celebrations of the 
International Year of Light, IYL2015, in 
Portugal, the Hands-on Science Network 
Association together with the Portuguese 
Society of Optics and Photonics15, SPOF, and 
with the support of the European Physical 
Society, organised the 5th Science Fair Hands-
on Science this year under the main theme 
"DISCOVERING LIGHT". 

The competition was open to students and 
groups of students, but also teachers and 
educators of all levels of education, from pre-
primary to higher education and to anyone 
interested on science and science education. 
Over hundred contributions were considered of 
all kinds, from hands-on experiments to 
experimental demonstrations, posters and 
lectures but also dance and drama 
performances as well as other artistic 
expressions such as drawings, poems, and 
even songs… all vivid expression of a fertile 
imagination creativity and ingenuity with a true 
and sound interest of the participants on 
science and specially on light optics and its 
applications. 

Themes were the most varied, not only 
related to the physical properties of light and its 
multiple applications or to the different and 
extraordinary optical phenomena or optical 
instruments that make our lives easier and 
more interesting and which are so important for 
the development of our societies, but also 
those in the fields of dream and "magic" ... 
connecting in fact all dimensions of the human 
being in most interesting and pleasant ways. 

The science fair held in Viana do Castelo, 
northwest of Portugal, May 25, 2015, enrolled 
over five hundred participants and a few 
hundred visitors in an exciting and most lively 
and enjoyable day that surely contributed 
significantly to raise the awareness of the 
importance and appeal of Optics and 
Photonics. 

 

Keywords. IYL2015, Light, Optics, Science 
Fair, Hands-on Science 

1. Introduction 

Science fairs are currently recognized as 
important activities in science education by 
numerous skills that they can develop in 
students because they should behave as 
investigators/researchers when developing 
their project. Students should define and 
understand the nature of the problem that they 
have to solve [1]. Students will gain the ability 
to solve problems, since they need to make 
decisions and create alternative hypotheses. 
On the other hand they develop creativity and 
imagination [1]. 

The informal environment of a science fair 
competition process allow the students to 
develop skills that make possible to them to 
establish a relationship between cognitive, 
affective and social knowledge [2]. 

The active involvement of students in their 
learning process through this kind of hands-on 
activities is one of the most effective methods 
to engage students on science learning [3]. 

Previous editions of the “Hands-on Science” 
science fair showed the enthusiasm and 
commitment of the students and illustrated the 
aforementioned benefits of science fair for the 
students, their teachers and schools [4,5,6]. 

2015 was designated by UNESCO “The 
International Year of Light " in recognition of the 
importance of light and technologies related to 
light in promoting sustainable development and 
the search for solutions to global societal 
challenges in the fields of energy, education, 
agriculture and health, and in all fields of 
industry an human life. Being optics one of the 
key development enabling domains of science 
it was decided to set light as the main theme of 
the 5th edition of the HSCI science fair. 

2. Organization 

The Hands-on Science science fair already 
in the fifth edition set a well established 
reputation among schools and educational 
institutions in Portugal. This year it was set as a 
special edition dedicated to IYL2015, the 
International Year of light, and was organized 
together with the Portuguese Society of Optics 
and Photonics, SPOF, and endorsed by the 
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European Physical Society. 

As in previous years advertising the initiative 
was done through the web pages created for 
this purpose (www.optica.pt/iyl2015) and 
through e-mailing sent to former participants 
and to schools all over the country. It was also 
extensively advertised among to the members 
of HSCI and SPOF and by the European 
Physical Society and through the website of the 
International Year of Light (www.light2015.org). 
Several Portuguese universities (the 
universities of Minho, Porto, Aveiro, Beira 
Interior, Madeira and Algarve) and the Erentay 
Egitim Danismanlik 
(http://www.erentayegitim.com/) were also 
actively involved in the process. 

This good dissemination the remarkable 
attraction to this subject but also an extension 
of the age range open to participation (in 
previous years it was only open to the 
participation of students aged between 10 and 
18 years old but in this edition it was open from 
4 year olds to adults) led to an increase on the 
number of participants surpassing five hundred. 

The event was announced at the beginning 
of the school year in September. Participants 
had until the beginning of the month of April to 
sign up. To participate the teams (group, 
individual or institutional) had to fill a form with 
some relevant information about their project 
and team. With this information the organizing 
committee divided the projects by categories 
and began preparing the competition. The 
projects that were not directly related with the 
main theme of fair, the light, but who respected 
the general rules of the science fair were 
accepted 5th edition to specific categories set 
as regular science fair. 

At the beginning of the month of May, each 
group had to confirm their participation and 
upload to the competition website 
(www.optica.pt/iyl2015) and abstract and all 
relevant material concerning the work to be 
presented at the science fair to be held in the 
premises of the Colégio do Minho school in 
Viana do Castelo, May 25, 2015. All submitted 
material remains accessible on the website for 
consultation. Other important information such 
as arrival time, water and electric current need, 
number of tables necessary to their 
presentation, multimedia, poster stands, etc... 
Given the particular theme of this year’s 
science fair, light, a main concern was the 

availability of darkened spaces for the 
presentations. 

To meet the needs of all participants we 
organized different spaces: a gym, a place 
outdoors but protected from the sun, two dark 
rooms and a large stage, also darkened. 

As always the science fair was open for visit 
and participation of other students the local 
community and general public. Several schools 
made the request for the visit and these early 
appointments facilitated the organization the 
event and guarantee a smooth development of 
the fair in spite the over one thousand, 
enthusiastic participants. 

On the science fair day, in order to help in 
the organization process thirty high school 
students of the Colégio do Minho were enrolled 
as organization staff. The function of these 
students was to help in the organization of the 
space, welcoming and assistance to 
participants and visitors. Not only their work 
and efforts were fundamental to the success of 
the fair as they greatly and proudly enjoy it. 

3. Participants 

The participants of the 5th Hands-on Science 
science fair were divided in two main large 
groups: of projects related with light and 
projects with other themes (mainly environment 
related). 

The two large groups were also subdivided 
by categories, based on their ages. Therefore, 
projects related with light were divided in 5 
levels: 

Level A – students from pre -school to 1st cycle 
(4 to 8 years old) 

Level B - students from 2nd and 3rd cycles (9 to 
14 years old) 

Level C - students in secondary schools and 
vocational education (15 to 18 years old). 

Level D - university students, teachers and 
educators, or other adults. 

Level E - Schools, or other institutions. 

The distribution of the hundred projects 
accepted for the “Discovering Light” science fair 
competition by category is shown on Figure 1. 
There were projects from all levels. However 
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the stronger group came to basic/primary 
school level. To notice the not so usual 
involvement of adults and institutions. More 
than a typical science fair (and the HSCI’ 
science fair have a particular twist on the focus 
given to the investigative hands-on process of 
the preparation of the projects and the open 
informal and friendly interactive atmosphere of 
the fair that we actually called “Festa” – that is 
“party” in Portuguese…) 

 
Figure 1. Distribuition of projects on the light 

subject 

A few projects that were accept did not 
participated at the “Festa da Luz” essentially 
due either to lack of time to finish their projects 
or to the impossibility to travel to Viana do 
Castelo. 

 
Figure 2. Number of projects not related with 

light 

The projects with topics unrelated to light 
were about 70 including 30 posters brought 
from Turkey’ project “S.O.S., Saving Our 
Species”. Since there were in lower number, 
they were divided in only two groups, as can be 
seen in Figure 2: 

1st level – students from 2nd and 3rd cycles 
(ages between 10 and 15 years old); 

2nd level – students from secondary school 
or university (15 to 22 years old). 

In both cases, the larger participation lied 
with students from 10 to 18 years old. 

The projects could address any area of 
knowledge and have different forms of 
presentation. Only on the subject of light we 
had the participation of younger students and 
also of teachers and institutions. 

The majority of participants came from 
Portugal as it was initially intended. However 
the “Discovering Light” science fair raise 
interest in other countries. A large delegation of 
41 participants from Turkey brought to Viana do 
Castelo lots of enthusiasm and 37 interesting 
projects of different types from hands-on 
demonstrations, exhibitions, boots, posters, as 
well as music and dance celebrating light with 
lots of creativity. 

4. Brief overview of the projects 

It was allowed to submit projects of a wide 
variety of kinds (www.optica.pt/iyl2015) to be 
presented in a wide variety of forms: from 
hands-on experiments and demonstrations, 
boots, exhibitions, posters or oral 
presentations, paintings or sculpture, drama 
and performances including music and dance. 

Thus, there was an in fact high diversity of 
themes and types of presentations. 

Some of the projects were presented in an 
expositive way, through posters, multimedia 
presentations or models. As an example we 
have the "Sustainable Eco City" with a model of 
a city where recycling is favored and renewable 
energy is used, such as wind power and solar 
energy, as it can be seen on Figure 3. 

Some projects were more interactive 
allowing the visitors interact with the projects, 
as the one in Figure 4. 

Other projects have shown to be more 
artistic, as seen in  

Figure 5, where a group of five years old 
students, dance to the sound of music, 
accompanied by a robot they built and 
programmed. Based on the theme of light, the 
dark stage, the light combinations and the 
student’s clothes performed a show that earned 
them the 3rd prize in category A. 

Younger visitors were in focus several times 
throughout the afternoon. A moment just for 
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them was provided by the project "A story with 
Science" ( 

Figure 6) which consisted on a story read to 
them from which they participated and various 
everyday situations were explained to them 
through physical and biological phenomenon 
related to light. 

 

Figure 3. "Eco Sustainable City" - Honorable 
Mention of the 1st category of projects unrelated 

to light 

 

Figure 4. Visitor experimenting one project 
related with light 

 

Figure 5. Project the "Magic and Light" 

 

Figure 6. "Story with science" for students 
under 10 years old 

4.1 The “winners” 

Of course prizes were a small part of all 
science fair contest. However the effort of all 
had to be recognized and lots of very 
interesting project were presented to the 
evaluators. Given the large number of projects 
involved we set up different groups of judges 
according to the contest level. 

To evaluate the projects, some parameters 
were set to be taken into special account: 

- Originality of ideas and projects and their 
implementation; 

- Creativity; 

- Innovation; 

- Experimental and scientific rigor. 

- Broad knowledge of the subject; 

- Safety Precautions; 

- Scientific-technical or artistic quality and 
presentation; 

- Aesthetic quality of the presentation; 

- Interdisciplinary / mainstreaming; 

- Involvement of colleagues, family and / or 
community; 

- Interaction with visitors and other participants. 

For the task of evaluating, we created 
groups of juries with 2 or 3 members, where the 
majority was specialist on the scientific subject 
of the project. Three group evaluated one 
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category. 

The evaluation process was divided into two 
parts: the analysis of the projects description 
that each group submitted when they made the 
application and its presentation on the science 
fair day. At the science fair each group of jury 
members evaluated the presentation of the 
respective projects in order to give the final 
classification. Some of the reviews coincided 
with the previous evaluation performed by the 
description, but in some cases, oral 
presentations made the difference. 

All students that participated and 
responsible teachers involved received 
certificates of participation and a t-shirt of 
souvenir. At the end of the day, awards and 
honorable mentions were given in each of the 
categories. 

5. Conclusions 

As in previous editions, the 5th Science Fair 
Hands-on Science “Discovering Light” 
transcurred in a very positive way both to 
participants visitors and organizers. This year’s 
science fair had a much higher dimension than 
previous editions which required a larger team 
for the organization and heavier organizational 
structure. However the open mind friendly and 
informal spirit typical of HSCI organizations 
greatly facilitated the task. 

Projects were presented by participants from 
all ages starting from 4 years old children up to 
adults, with a wide range of presentations 
types. Everybody respected and enjoyed each 
other with a truly festa (party) celebration 
atmosphere. 

The celebration of the international year of 
light seems to have been a great incentive for 
participation in this kind this activity. 

All participants stated the enjoyed to 
develop and present their projects and 
everybody could learn a bit (a lot…) more about 
science wanting to repeat the experience!. 
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Abstract. In the frame of the Euro4Science 
project, a strategic partnership that explores the 
potential of the “CSI effect” in education, an 
Educational Kit is conceived proposing a series 
of attractive experimental activities which 
include main topics such as Biology and 
Biodiversity, Toxicology, Human Individual 
Identification and Bioinformatics. 

The Forensic Science Education Toolbox is 
expected to be used by students under 
teachers’ supervision. Students will find 
different materials that will enable several 
experiments applying forensic science methods 
adapted to basic and high school context and 
school curricula, following a Student’s Guide of 
Exploration, based in forensic cases. Teachers 
will be able to educate and inspire the students 
in the principles of scientific inquiry, analysis 
and creative thinking. 

The Forensic Science Toolbox educational 
kit is subjected to previous testing, starting from 
university labs (conception, planning and 
adjustments) and continuing through teacher’s 
practical evaluation and finally by students in 
school context. 

The HSCI meeting is an occasion of 
demonstrating this educational proposal and 
sharing ideas and contributions from teachers 
and colleagues of different countries which 
meet the Euro4Science project features – 
hands on experiences and different cultural and 
challenge pedagogical environments while 
promoting students and teachers cultural 
exchange. 

Keywords. Euro4Science, Toolbox. 

1. Introduction 

According to the European Commission, 
around six million young people drop out of 
school each year. This phenomenon brings 
expensive costs to economic growth and 
competitiveness and negative consequences to 

individuals [1]. 

The Euro4Science project is a Strategic 
Partnership that will use the potential of the 
“CSI effect” (that is the popularity of “crime 
scene TV series” and its influence) in schools 
to address difficulties (e.g. school dropout, low 
interest in STEM - science, technology, 
engineering, and mathematics) and challenges 
identified in European school systems [2]. 

The Euro4Science project includes 
developing, testing and implementing a 
Forensic Science Education Toolbox in 4 
languages (English, Portuguese, Bulgarian and 
Polish) to be used in European Schools and 
later disseminated beyond participating 
partners/countries. 

2. Forensic Science Education Toolbox 

The Forensic Science Toolbox is a physical 
educational kit box designed and produced to 
be used by students under teachers’ 
supervision. Students will find different 
materials/kits that will enable several 
experiments applying forensic science methods 
adapted to basic and high school context. 

It will consist of a main box with materials 
and several support documents: 

- Box: This “misterious” box will be opened by 
the investigative methods of science (cross 
reference with the Scientific Method). It 
contains materials enabling the simulation of 
crime scene analysis techniques to be used 
in a pedagogical and scientific base in the 
classroom. All materials of the Toolbox are 
expected to be applied under safe and 
environmental friendly procedures. 

- Students Guide: This working manual of 
exploration of activities includes guidelines for 
the use of the materials in a classroom 
context and activities that can be carried out 
at home safely by the students. These 
activities will be associated to learning 
contents and questions addressing scientific 
concepts adequate to each education level. 

- Teachers Guide: this manual includes detailed 
guidelines for the use of the Toolbox in a 
classroom context (specific lessons will be 
proposed conciliating different activities, with 
the possibility of shortening or widening the 
length and level of the lesson).  
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Guidelines and list of materials for teachers 
and students to build a toolbox by 
themselves, e.g. with the collaboration of 
teachers/students of different areas are also 
provided so promoting dissemination and 
networking. 

- CSI Cases: These cases consist of 
suggestions of how to integrate skills around 
a theme, using problem/mystery solving and 
discuss sociological implications with 
students [3]. 

3. Proposed activities for the Classroom 

The Euro4Science Project suggests 
strategies for planning, development and 
implementation of simple activities in the 
classroom, based on Forensic Science 
methods. The proposed activities were planned 
to integrate several relevant contents 
educational science curricula (mainly 
secondary but also basic levels) and explore 
topics from Biology (DNA, cell and tissues, 
blood groups, immunity) to Chemistry and 
Physics with potential intersections with Social 
Sciences and Languages and Literature. The 
majority of materials used in these activities are 
low cost, eco-friendly and safe. 

3.1. Fingerprints 

Fingerprints were a major breakthrough in 
forensic science and it gave law enforcement 
around the world a new tool to help in the 
investigation of a crime. Fingerprints have 
unique individual characteristics that can be 
used to identify a specific individual. From the 
different types of fingerprints that can be found, 
the most common are latent fingerprints [4]. 

3.1.1. Activity 1 – Dusting and Lifting 
Latent Fingerprints 

This activity aims to develop the students’ 
understanding how graphite powder can be 
used as an alternative to commercial powders 
to reveal fingerprints (Fig. 1). It is important that 
students realise that fingerprints are deposited 
on the objects due to the transfer of natural 
secretions of sweet, which is a combination of 
water, oils and salts, produced by glands. 
When the graphite powder is applied to the 
area that contains the latent fingerprint, the 
powder adheres to the residues that make up 
the fingerprint. 

Students should compare the results 
obtained with the fingerprints presented in the 
case study and share their interpretations of 
results and conclusions. 

 
Figure 1. Revealing latent fingerprints using 

graphite powder 

 

Figure 2. Revealing latent fingerprints using 
superglue fuming 

3.1.2. Activity 2 – Revealing Latent 
Fingerprints using Superglue 
Fuming 

The purpose of this activity is to reveal latent 
fingerprints using a chemical reagent that is 
commonly found in our homes, the superglue. 
The primary component of superglue is the 
cyanoacrylate. Cyanoacrylate fuming or 
Superglue fuming is a physical process. 
Cyanoacrylate vapour is selectively attracted to 
fingerprint residues, where it builds up as a 
crystalline white deposit (Fig. 2). It will be 
important for students to understand the 
mechanisms of the superglue fuming. The 
superglue fumes are catalysed by tiny amount 
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of moisture attracted by the sodium chloride 
residues in latent fingerprints. 

Students should compare the results 
obtained with the fingerprints presented in the 
case study and share their interpretations of 
results and conclusions. 

3.1.3. Activity 3 – Revealing Latent 
Fingerprints using Iodine Fuming 

This activity reveals latent fingerprints using 
iodine. 

The iodine fuming method uses iodine 
crystals that vaporise by sublimation when 
heated (Fig. 3). 

 
Figure 3. Revealing latent fingerprints using 

superglue fuming 

It is important that the sublimation process is 
understood by students and that the violet 
iodine vapour adheres selectively to fingerprint 
residues, turning them orange. These orange 
stains are reversible. 

Students should compare the results 
obtained with the fingerprints presented in the 
case study and share their interpretations of 
results and conclusions. 

3.2. DNA Profiling 

Except for identical twins, human DNA 
profiles are unique. 

DNA analysis is based on the fact that every 
living is composed of cells, all of which contain 
DNA in some form [5]. DNA evidence from a 
crime scene or from an unidentified body can 
be traced back to a crime or eliminate a 
suspect. 

Forensic DNA profiling is a technique 
employed by forensic scientists to identify 
individuals by their DNA [4] [5].  

The activity proposed is DNA analysis 

technique by gel electrophoresis using simple 
and home-made materials. 

3.2.1. Activity 4 – DNA profiling – 
Electrophoresis 

This activity aims to develop the students’ 
understanding how to compare DNA profiles 
and conclude by excluding or including a given 
suspect or an alleged father in a paternity test 
using electrophoresis as separation method 
(polymer, ions, buffers, electrical intensity and 
power, also may be explored). Gel 
electrophoresis is used to separate different 
compounds from a mixture. With DNA gel 
electrophoresis, the goal is to separate DNA 
fragments based on different sizes and 
masses. Forensic labs, as multiple biomedical 
labs, use polymers such as acrylamide and 
agarose gel and commercial buffers to perform 
an electrophoresis. 

In this activity we use everyday cooking 
products to replace these reagents. Corn starch 
replaces the acrylamide/agarose polymers and 
kitchen sodium bicarbonate replaces 
sophisticated analytical grade composition 
buffers (Fig. 4). 

 

Figure 4. Corn starch gel 

A typical electrophoresis apparatus consist 
of a gel chamber surrounding by a buffer 
chamber, with provisions for connecting 
electrodes at opposite ends. To form the wells 
in the gel is used a comb suspended in the gel 
chamber. In this Forensic Toolbox activity we 
replace this electrophoresis apparatus with 
easy access materials. For make the comb we 
use a regular shampoo package, for the gel 
chamber we use a butter container and for the 
buffer chamber we use a regular plastic 
container (Fig. 5). 

In these work we use copper electrodes, 
since the cooper is a good conductor of 
electricity allowing the passage of current (Fig. 
5). 
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Figure 5. Electrophoresis apparatus 

 

Regarding to the power supply, the 
professional gel electrophoresis apparatuses 
use expensive DC power supplies that can be 
adjusted over a wide range of voltages. For the 
home gel electrophoresis, we use as alternative 
power source 9V transistor batteries wired in 
series (Fig. 6). The samples used to simulate 
human DNA were food dyes. 

In this activity it is important that the 
students understand the importance of the 
electrophoresis and chemical reactions behind 
the electrophoretic process. Students should 
compare and discuss the results obtained. 

 
Figure 6. Electrophoresis power supply 

4. Final Considerations 

The activities proposed to integrate the 
Forensic Science Educational Toolbox require 
an active participation of teachers and students 
and might have a decisive influence in 
motivating younger students to scientific 
subjects, hence deviating them from potential 
early dropout. 

The activities presented in this paper were 
implanted in teachers’ workshops which involve 
47 teachers from basic and high school from 

three countries (Portugal, Bulgaria and UK). 

From the feedback obtained teachers 
enjoyed the activities and consider them with 
great potential to attract the attention of the 
students arousing students' interest in science 
and improving theoretical concepts 
understanding by practical experiments. 

Some adjustments (for example in duration 
of some lab procedures) are to be considered 
according to the different educational systems. 

The Forensic Science Educational Toolbox 
may be replicated in different countries and 
schools following the experience with 
participating partners and networking may 
easily be reached via web page 
(http://www.euro4science.eu) or facebook 
(https://www.facebook.com/euro4science). 
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Abstract. The European Euro4Science 
educational project is an opportunity to 
motivate students for sciences. 

The project implements both an educational 
toolbox and a program of exchanges between 
European students engaged in science fair like 
weeks, the CSI Weeks. 

Before the launching of the educational 
toolbox, teachers have been trained and 
evaluate the feasibility of the proposed 
activities in the context of real classrooms. 

Keywords. CSI Effect, Euro4Science, 
Toolbox, Transdisciplinary, Workshop. 

1. Introduction

In the last years due to popularization of
crime scene investigation TV series as well as 
the medialization of justice forensic sciences 
became very attractive to the general public 
and particularly to young students. 

The European project Euro4Science is an 
opportunity to explore the potential of Forensic 
Sciences to educational purposes, promoting 
hands on experiences, interdisciplinary and the 
dialogue between science and society. 

The project is a strategic partnership 
involving an university (University of Aveiro, 
Portugal), secondary schools (Agrupamento 
José Estêvão from Portugal and Skipton High 
School from UK), associations (Know and Can 
from Bulgaria and private sector (Inova+ from 
Portugal and INnCREASE from Poland). 

The use of Forensic Sciences as motivation 
may contribute to mitigate recognized concerns 
such as school dropout and low interest in 
STEM (Sciences, Technologic, Engineering 
and Mathematics). 

2. The major objectives

The project Euro4Science includes as main
goals: 

a) To develop, test and implement a Forensic
Science Education Toolbox in 4 languages
(English, Portuguese, Bulgarian and Polish)
to be used in European Schools.

b) Organise three “CSI weeks” with a range of
exciting activities for pupils while engaging
the whole learning community and local
stakeholders.

2.1. The Forensic Science Educational 
Toolbox 

The Forensic Science Toolbox (Fig. 1) is the 
main output of the project. It consists of an 
educational kit, constructed with hands on 
science materials, complemented by resources 
available at high schools. After a previous 
screening of potential forensic experimental 
activities that may satisfy educational 
requirements, an initial portfolio of activities has 
been tested in the university Lab (project 
coordinator Department of Biology, University 
of Aveiro). 

In the frame of the Euro4Science project, a 
strategic partnership that explores the potential 
of “CSI effect” in education, an Educational Kit 
is conceived proposing a series of attractive 
experimental activities which include main 
topics as Biology and Biodiversity, Toxicology, 
Human Individual Identification and 
Bioinformatics. 

Figure 7. CSI Toolbox 

Teachers in Portugal, Bulgaria and the UK 
test during three months the Toolbox in the 
respective countries and educational contexts. 
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Partners discuss the adjustments required to 
develop the final version of the Toolbox, so that 
it is adequate to the context and needs of each 
national reality. The final version of the Toolbox 
will be firstly developed in English. After being 
validated by all partners, it will be translated to 
Portuguese, and Bulgarian. An additional 
version of the Toolbox will be created in to 
polish to be presented in the final International 
Multiplier event in Poland. 

2.1.1. Exploring forensic cases 

While the Forensic Science Educational 
Toolbox is an experimental kit it’s strongly 
encouraged that activities will be contextualized 
by forensic cases. 

Forensic cases may be real cases or fake 
and ad hoc cases developed by students. 
Historical issues as the Russian Romanov 
killing or the former Nazi doctor Joseph 
Mengele or the discovery of Richard III bone in 
UK, or known forensic cases that local 
communities are quite aware. Those cases 
serve as motivational vectors of the toolbox 
experimental activities but can also represent a 
gold opportunity for inter-disciplinarily (cases 
may be dramatized in class of arts or be written 
and constructed in Language and Literature or 
discussed by its societal challenges in Social 
Sciences. 

2.2. CSI Weeks 

The CSI week is the second main output of 
the project. It is not “simply” a one-week event, 
but rather the result of a series of initiatives and 
activities carried out in European High Schools 
during the project implementation and support 
materials that allow these activities to be 
replicated in several other schools across the 
EU. 

In each country, the CSI week is associated 
with multiplier events and short-term 
exchanges of groups of pupils. 

During the CSI Weeks, schools in Portugal, 
Bulgaria and the UK host a programme with 
different activities including: sharing 
experiences of Educational Forensic Science 
Projects; presentation of “CSI cases” and 
development of activities around them, such as 
theatre/drama with a crime scene scenario; 
bioethical debates; conferences and debates 
with teachers, students, and other 

stakeholders/organisations with law 
enforcement and forensic scientists; 
implementation of the toolbox and science fair 
projects. 

3. Workshops

After a beta version of the toolbox the
educational kit was tested and optimized. 

Three workshops were organized in 
Portugal, UK and Bulgaria. In each of the 
workshops the toolbox was presented and 
tested. A total of 47 teachers from basic and 
high school were involved in the toolbox 
training, testing and evaluation (Fig. 2) 

Figure 8. Teachers workshop in UK 

The activities performed during the 
workshops were: 

1) Blood analysis
i) Is this really blood?
ii) Blood typing analysis

2) Document Analysis
i) Invisible writing 
ii) Deciphering pen inks Chromatography

3) Forensic botany
i) Study of pollen

4) Fingerprints
i) Study your fingerprints
ii) Dusting and lifting latent fingerprints
iii) Revealing latent fingerprints using

superglue fuming
iv) Revealing latent fingerprints using

iodine fuming
5) DNA fingerprinting

i) Electrophoresis 

3.1. Discussion 

Within teacher’s workshops an activities 
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feedback form was presented to participants in 
order to evaluate protocols, classroom 
implementation and potential of students 
motivation and background to perform the 
forensic toolbox activities. 

There were five general questions and two 
specific questions assessing each activity. All 
the 47 participating teachers considered the 
activities performed in workshop as interesting. 

Figure 9. Graphic representing the question “Do 
you think any of the activities can improve in 

any way the subject you teach?” 

When asked if activities would represent an 
improvement for their classrooms, in general 
teachers emphasize that this strategy may 
increase students’ motivation and improve 
understanding of theoretical educational 
concepts (Fig. 3). Some participants refer 
adjustments in order to fit school timetables 
requirements. Although having pre-made 
reagents (or even test results) may save 
precious time, we consider that lab procedures 
including preparation of solutions may have an 
important educational value. 

The specific questions for evaluation were: 
“Which activities were most interesting?” and 
“Which activities do you think will most attract 
the attention of your students?” The following 
graphic (Fig. 4) represents the compilation of 
answers from teachers from the three 
countries. 

The most interesting activities were “Is this 
really blood?” and “Study your fingerprints”. 
Some activities were less recognized but in 
general this was due to the facts that those are 
still in progress (“Forensic botany” and “Iodine 
Fuming”) or not yet included in some of each 
national workshop. 

The Fig. 5 to 10 show some activities 
performed in the teachers’ workshops. 

Is this really 
blood?
18%

Blood Typing 
Analysis

12%

Invisible 
Writing

11%

Deciphering 
pen inks

7%

Study your 
Fingerprints

18%

Dusting Latent 
Fingerprints

8%

Superglue 
Fuming

9%

Iodine Fuming
5%

Electrophoresis
8%

Forensic 
Botany

4%

Figure 4. “Which activities were most 
interesting?” 

4. Final Considerations

This project gave opportunity to all partners
to explore new subjects and ideas. 

After the discussion in workshops and their 
respective feedback the optimization of the 
toolbox is the most important goal to achieve. 
The feedback from all the teachers was 
important to understand which activities have to 
be optimized and tailored into a protocol that 
corresponds to all the needs of a classroom. 

Figure 5. Bulgarian teachers doing 
electrophoresis 

During the workshops the coordination has 
received important contributions and relevant 
information in terms of comparisons of 
educational systems and lab and general 
school facilities. For example Bulgaria exhibited 
less resources and fewer occasions for lab 
experiments integrated in curricula. On the 
opposite side is the UK participant offering the 
free access of teachers and their students to a 
university facility specially dedicated to science 
education (university of Bradford STEM 
Centre). 
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Figure 6. Bulgarian teachers in workshop 

The CSI Weeks and a final conference in 
Poland will be complemented by a multilingual 
webportal available to every school interested 
in applying this exciting and motivating 
educational strategy. 

Figure 7. Portuguese teachers doing Kastel-
Meyer activity 

Figure 8. Portuguese teachers in Blood typing 
analysis 

Figure 9. UK teachers doing Invisible writing 
activity 
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Figure 10. UK teachers in workshop 
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Modeling the Neuron! 
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Abstract. In order to create, test and make 
available free and low-cost educational material 
that can help teaching and improve 
understanding of cellular aspects by students, 
the project We are made of cells! (Somos feitos 
de células!) presents an activity that combines 
cytological concepts and modeling. Through 
this activity, a teacher can encourage group 
discussion that combines morphology and 
specialized functions of the myelinated 
multipolar neuron. This is a didactic sequence 
subdivided into steps through which 
participants remember, learn and share cellular 
concepts, perform modeling activities, improve 
scientific vocabulary, share and analyze their 
models and compare them to other learning 
resources. 

Keywords. Cytology, modeling, neuron. 

1. Introduction

Molecular and Cell Biology classes in
brazilian high schools, still known as Cytology, 
imply in a lot of abstraction resulting in mental 
maps created by students without necessarily 
being stimulated socialization of these mental 
models in classroom. In Brazil, it is common 
that Cytology classes were developed by 
lectures supported by numerous and 
sophisticated scientific cell structure images, 
especially illustrations and photographs 
available in textbooks and internet. To organize 
extensive and complex scientific information, 
teachers and textbooks´ authors choose to 
content fragmentation showing cytological 
topics in a class sequence that may not 
facilitate the understanding of this content that 
is characterized by cellular and extracellular 
components interrelation. In order to create, 
test and make available free and low-cost 
educational material that can help teaching and 
improve understanding of cellular aspects by 
students, the educational project Somos feitos 
de células! presents an activity that combines 
the acquisition of cytological concepts and 
modeling. It was elected a well-known and 
differentiated cell type, the myelinated 
multipolar neuron, and through a modeling 

process, a teacher can encourage group 
discussion that combines morphology and 
specialized cellular functions. This activity was 
elaborated to be presented through a didactic 
sequence with total duration of one and half to 
two hours, subdivided into steps through which 
participants can remember and share scientific 
concepts, perform modeling activities, improve 
scientific vocabulary and analyze their own 
models. The teaching process is based on the 
"model of modeling" [1,2] which includes some 
principles and steps of science education such 
as meaningful learning; development of mental 
maps; elaboration of models (empirical testing); 
socialization of models in classroom; analysis 
of the scope and limitations of the models. 
Under this approach, a sort of biological topics 
discussions can be included such as cell three-
dimensionality, cell morphology with 
specialized components, cellular 
communication through chemical synapses and 
transmission of nerve impulses. This activity 
was developed and improved from previous 
experience [3], activities developed from 2011 
to 2015 in undergraduate courses at our 
university with participation of 180 students and 
actions undertaken by the project Somos feitos 
de células! during 2013 and 2014 with 200 
participants, mostly high school students [4]. 

2. Objectives

Model a clay sculpture of a myelinated
multipolar neuron. Plan and build a neural 
network with a set of models to discuss topics 
like neuron communication. Plan and build 
peripheral nerves with a set of models to 
discuss topics such as nerve impulse 
transmission. Compare models with textbooks’ 
scientific images to highlight the similarities and 
differences between different learning 
materials. 

3. Materials (Fig. 1A)

• Two clay sticks of color 1 (yellow, in our case)
and one clay stick of color 2 (green, in our 
case); 

• Six pieces of thin wire with 5 cm length each,
to represent the cytoskeleton of the main 
dendrites; 

• Eight to twelve pieces of thin wire 1 to 1.5 cm
length each, for the cytoskeleton of the main 
branches of dendrites; 
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• A piece of thick wire 13 cm in length to the
cytoskeleton of the axon; 

• Two pieces of thin wire 4cm length each, for
the final branches of the axon; 

• A wooden board (or cardboard or a piece of
tile) of 10cmx10cmx1cm; 

• A conceptual label to glue on the back of the
wooden board; 

• Five flags made of paper and toothpicks, each
one with a keyword: cell body, dendrites, 
axon, Schwann cell or internode, Ranvier 
node or node. 

4. How to do it

4.1. Modeling the myelinated multipolar 
neuron 

• Separate one stick and a half of clay color 1
to sculpture the cell body and dendrites. 
Build a ball and insert in it six wires (5 cm 
each) in various directions. Sink each piece 
of wire to leave exposed just 3 cm of each 
one (Fig. 1B). 

• Pull the ball clay with your fingertips to cover
completely each of the wires. As moving 
away from the ball, decrease the diameter of 
each clay projection resulting in a central 
structure (cell body) with gradually thinner 
dendrites (Fig. 1C). 

• Hold all 1-1.5 cm long wires and wrap each
one with a small amount of the remainder 
clay color 1. Leave one end of each wire 
exposed and sink them on the ends of the 
main dendrites (Fig. 1D) to form more 
branches of dendrites. 

• Get the 13 cm long wire, covering it with
almost all remaining color 1 clay from the 
wire center to the edges, keeping the same 
diameter throughout all the structure. Leave 
one of the wire ends without coating to 
connect it to cell body. At the covered edge, 
form a small knob to represent a terminal 
button. With 4 cm-wires, cover each one in 
the same manner (with the last remainder of 
color 1 clay), inserting them next to end of 
the axon (Fig. 1E-F-G). 

• For the myelin sheath, hold the color 2 clay
and cut it into 3 or more equal portions 
depending on axon length. Flatten each 

piece to form long and narrow flat structures. 
Each piece of clay represents a Schwann 
cell and should involve concentrically and 
sequentially all the axon (Fig. 1H-I-J). 

Figure 1. Stages of myelinated multipolar neuron 
modeling 
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• If you have to end the activity at this stage,
insert the conceptual flags concomitantly 
with reading of label (glued in the wooden 
board). You can ask the students 
themselves to develop all the labels as a 
glossary activity. Glue each model in a 
wooden board. By using a good quality 
adhesive, the board could be manipulated 
freely (Fig. 1L-M). If you have more time, do 
not glue the model and go to Part 4.2 and 
4.3. 

4.2. Building neural networks 

• After finishing individual models and before
inserting the flags and glue models on the 
wooden boards, explore cell communication 
with your students. Request for students to 
approach their models (without flags) and 
form a neural network on a flat surface, for 
example, the teacher's desk or the floor of 
the classroom. 

• Observe and discuss the positions of the
models adopted by students. 

• Discuss and consolidate concepts as
chemical synapses and how each neuron
can form many connections simultaneously
and be influenced by these different
connections. Explore the fact that synapses
can occur between axon and dendrites as
well as axon and other neuron parts like
other axon and neuron body. The students
represent all these possibilities? Discuss
with them.

4.3. Discussing peripherical nerves 

• With the same set of neuron models, ask
students to conceptualize nerve fibers and 
to represent peripherical nerves. 

• Observe and discuss the positions of the
models adopted by students. 

• Discuss and consolidate the concept of nerve
fiber and peripheral nerve, the position and 
length of these structures in the human body 
and the synapse formation with other cell 
types such as muscle fibers and exocrine 
glands. 

4.4. Comparing the model with other 
learning materials 

• Ask the students to compare their models with
scientific illustrations, for example, those 

from their own textbooks. You also can find 
histological pictures of neurons in our 
Histologia UnB fanpage [5]. 

• Ask students to observe and register which
structures in their textbooks´ pictures were 
showed in the multipolar neuron model and 
which were not reproduced during this 
modeling activity. Encourage a discussion 
about qualities, limitations and 
complementarity between these different 
learning resources. 
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Bio-Battery: Biomass Electrolyte 

M Firdaus-Nawawi, M Aziz-Khan, E Motius 

Abstract. Researchers have found a way to 
harness bio energy in a simple, inexpensive 
carbohydrate to generate electrical power. The 
resulting "biobattery" can hold more juice per 
ounce than similarly sized lithium ion batteries, 
using only biodegradable compounds. Biomass 
compound can be found anywhere around us. 
This is a cheap alternative energy. In this 
workshops, participants will be thought on how 
to build a biomass battery base on the battery 
electrochemical principles. It will include the 
process of observation, building, and testing 
the bio battery itself. 

1. Introduction

Electrical Energy is one of the most
important source of energy in the world mainly 
to power up electronic devices. Modern days 
research and development have make the 
access for power easier by the invention of 
battery. An electric battery is a device 
consisting of two or more electrochemical cells 
that convert stored chemical energy into 
electrical energy.The most well-known primary 
battery has long been the common "dry cell" 
that is widely used to power flashlights and 
similar devices. The modern dry cell is based 
on the one invented by Georges Leclanché in 
1866. Each cell contains a positive terminal, or 
cathode, and a negative terminal, or anode. 
Most primary cells utilize electrolytes that are 
contained within absorbent material or a 
separator (i.e. no free or liquid electrolyte), and 
are thus termed dry cells. The internal workings 
of a battery are typically housed within a metal 
or plastic case. The reaction in the anode 
creates electrons, and the reaction in the 
cathode absorbs them. The net product is 
electricity. The battery will continue to produce 
electricity until one or both of the electrodes run 
out of the substance necessary for the 
reactions to occur. Modern batteries use a 
variety of chemicals to power their reactions. 
Common battery chemistries include Zinc-
carbon battery (zinc (anode), manganese 
dioxide (cathode) and ammonium chloride or 
zinc chloride (electrolyte)) and Alkaline battery 
(manganese dioxide mixture (cathode), zinc 
powder (anode) and potassium hydroxide 
(electrolyte)). 

In recent years, scientists and researchers 
have start to venture into the new realm of 
green energy in producing sustainable energy 
that is low-coast and environmentally friendly. 
Renewable biomass materials is one of the 
important application prospect in the 
development of sustainable energy materials. 
Biomass refers to a broad range of biological 
material derived from plants - such as trees and 
forestry residues, agricultural and purpose-
grown crops, and industrial or municipal waste 
products -that can be transformed into 
renewable power. Biomass is a remarkably 
diverse, widespread, and abundant energy 
source. The potential for economically 
harvestable biomass exists nearly everywhere 
on Earth. Researchers have long recognize the 
promise of functional organic polymers, but the 
challenge is to developed an efficient electron-
transport conducting polymer to pair with the 
established hole-transporting polymers. 

One of the main purpose for this program is 
to educated people about biomass energy and 
how it can be applied in replacing the normal 
chemical base battery. This experiment utilised 
dry leaves as the biomass material, as it can 
commonly found anywhere. 

2. Method

This workshop will be separated into three
section; Battery 101, Biomass Paste and 
Testing & Application. All of this method will be 
focusing in giving a better understanding on 
principals of battery and how to utilised the bio-
mass energy. 

2.1. Battery 101 

In this section, participants will be introduced 
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to the parts and the principles of a battery. For 
interactive purposes, participants will be given 
an old battery or one that will be disposed, for 
start. The battery will be opened up at the very 
top using appropriate tool, and all the 
electrolyte in the casing will be taken out. 
Participants will need to identify each section of 
the battery based on the theoretical diagram 
given. In this workshop we will be focusing on 
the three main parts of battery that is the 
cathode, anode and electrolyte, and their 
function in the battery. 

Rinse the inside of the battery with distilled 
water for a few second and let it dry. The 
battery parts will be used in the next section 
later. 

2.2. Biomass Paste 

Participants will be given a few items and 
they will be ask to discuss which items fit the 
term of biomass. Participant will be given the 

chance to sampling their own biomass 
substances, as they are abundance in the 
environment. To create the biomass paste, fold 
an aluminium foil into a box shape. Weight 
about 100 grams of dry leaves and place it on 
the Aluminium foil. The next step is to burn all 
the dry leaves until it turn to ashes. Let the 
ashes cold for a few minute, before adding 2.5 
ml of distilled/deionized water into the mixture 
to create a paste like substances. 

To create the biomass battery, replace the 
hollow battery casing with all the ashes-paste 
and put the battery cap back on. To ensure that 
the electrolyte will not spill out, secure the top 
of the battery using selloff tape. 

2.3. Testing and Application 

To test the battery power, a multimeter was 
used to measure the voltage (V) and milliamps 
(mA) generated from the biobattery. The 
ultimate test is to use the bio-battery to move a 
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clock or to light up an L.E.D. 

3. Discussion

This program was conducted with students
age range from 12 to 16 years old under NSC 
GreenTech Camp Program. One of the sole 
aims of this program is to create an 
understanding about the usage of green and 
alternative energy using hands on activity.  

Battery was choose as a medium because ; 
(1) it is widely use and (2) it has the simplest 
design in understanding bio electrical process. 
Observation of battery parts helps in 
understanding the process at anode, cathode 
and the electrolyte, as the main player in 
generating energy. The goal is so that the 
participants would understand what and why 
thus this particular parts of the battery were 
chosen to be replace; in this case the 
electrolyte. 

The chemical reaction between the 
electrolyte and the zinc canister (anode) 
produces a surplus of electrons at the negative 
terminal. The graphite rod (cathode) that act as 
the positive terminal has far fewer electron thus 
creating a potential differences between the 
two electrodes. The electron would want to 
equalise this difference by moving toward the 
lower build up at the positive terminal through 
and by the electrolyte. 

As a medium of electron transfer, the 
electrolyte can be replace by other chemical or 
biological compound that have similar 
properties. Choosing the later gave us more 
diverse. 

The process of creating the biomass paste 
is a way to show the treatment of bio mass 
substances before it can be applied as part of 
energy generating components. Burning the dry 
leaves sample helps remove lignin, an 
amorphous, three dimensional, aromatic 
polymer composed of oxyphenylpropane units. 
Electrolyte paste should be free from this 
substances to allow electron to move freely in 
the electrolyte. To enhance this effect, dry 
leaves can also be treated first with 2% w/v 
Sodium Hydroxide (NaOH) solution for 24 
hours before being autoclaved at 121 degree 
Celcius, 15 pound square inch (psi). 

A grey powder ash will be obtained after the 
dry leaves was burnt. Participants by now 
should have a very firm idea on how an 
electrolyte paste should look like base on the 
first observation inside the battery. 

Replacing the battery chemical electrolyte 
with bio base electrolyte create a safe and 
biodegradable battery. Application of the 
biomass energy were shown by the multimeter 
test and the power it supplies to move the clock 
or lighting up the L.E.D. This part is important 
as to test the functionality and practicality of the 
theory learned by participants. The bio battery 
could generate more than 1.0 V at ambient 
temperature. This hands on methods give way 
for participants to later on design and create 
their own bioenergy power source. This will 
enhance their creativity and thinking skills. 

4. Conclusion

This type of hands-on activity give better
understanding of electrochemical process of a 
battery and in reengineering the type of power 
source used. Discovering alternative energy 
opens the door for cheaper alternatives to 
traditional inorganic-based energy devices and 
could make for cheaper electric powered 
gadget. Nonetheless, an interesting step 
toward a possible future of running some of our 
gadgets on biofuels. 
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Activities about the 
Consequences Induced by 

Volcanic Eruptions in the Tree of 
Life and in Travelling and Tourism 

by Humans 
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Abstract. The main problem-based activities 
proposed to both middle and high-school 
students (Life Science topis) were “what are the 
interactions STSE related to volcanic eruptions 
in Iceland?”. The fous of the IBSE was 
Grimsvotn and Bardarbunga case studies as 
well as the submarine El Hierro in the Canary 
Islands. 

Keywords. IBSE, tree of life, volcanic 
eruptions, Google Earth hands-on and minds-
on activities. 

1. Introduction

In the context of the International Year of
Small Island Developing States, in 2014, and 
the Biodiversty decade [1] it was considered to 
be important to discuss with the students the 
role of the environmental changes caused by 
volcanic eruptions in evolution and on the tree 
of life, mainiy in the construction and destrion of 
novel habitats. 

1.1. Background 

It is a pleasure to present to your 
consideration an workshop that was inspired in 
the an environment such as the Aurélia de 
Sousa High School, an UNESCO’s associated 
school (of ASP net), that was created with a 
similiar propose of the Francisco Franco High 
School of providing the community with a 
service of training and education in the area of 
Technologies [2] and Arts (Fig. 1). 

2. Guidelines / curriculum suggestions

In the context of your (HSCI) theme for this
year “Brightening our future” one thought about 
this and the continental plataform that is quite 
undernoted, but of utmost importance to 
discuss with our portuguese and european 

students. The main topic of this presentation is 
“Science education. New challenges, new 
perspectives, innovative solutionsis” using 
IBSE (Inquiry Based Science Education) 
focusing on the main high school curricula of 
Life and Earth Sciences disciplines, mainly 
Biology and Geology [1], as well bridging the 
topics under focus to other disciplines, such as 
Geography and Computer Science [2], and 
Health Sciences topics. 

Figure 1. (a) Aurélia de Sousa high school (logos 
on the left: UNESCO assotiated school and 40th 

aniversary of world heritage convention); (b) 
Francisco Franco High School european 

conference initiative 

3. Problematic situations

3.1. What are the interactions STSE-
related to volcanic eruptions in 
Iceland? 

STSE discussion about Grimsvotn and 
Bardarbunga was performed and will be 
Further explored during the oral presentation 
and/ou workshop in situ in the HSCI2015 [3]. 

3.2. What are the interactions STSE-
related volcanic eruptions under 
glaciers in Iceland? 

Discussion about Surtsey, and the 
caraterization of the greatest threats currently 
face to island ecosystems; as well as their 
greatest vulnerabilities. 
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3.3. What are the constructive 
consequences of volcanic eruptions? 

Discussion about the Selvagens and the 
submarine El Hierro in the Canary Islands were 
discussed. 

4. Acknowledgements

To the Faculty of Sciences of University of
Porto, to the colleagues directly involved in the 
inspiration and design of this presentation, as 
well as the faculty deans (mainly 2012-
present). 

To the Aurélia de Sousa High School 
faculty, maily the administrative personnel 
(since 2012 to the present), tthe students and 
teachers/collegueas involved (in)/directely in 
this project. 

5. References

[1] Sousa C. Biodiversidade e Extinção de 
Espécies: Webquest (volume 1). E-book, 
2011, ISBN: 978-989-97682-0-8. Casa das 
Ciências. 

[2] Sousa C. Google Earth no ambiente de 
aprendizagem de Ciências Naturais: 
informações georreferenciadas, em tempo-
real e cenários futuros. In: Aprendizagem 
Online: Atas do III Congresso Internacional 
das TIC na Educação. 2014. Instituto da 
Educação da Universidade de Lisboa. 
ISBN: 978-989-8753-08-3. p715-720. 

[3] Sousa C. Biodiversidade e extinção de 
espécies (3 volumes): Questões-problema 
sobre as consequências das erupções 
vulcânicas (volume 2) 1ª edição - 
Novembro 2014. Editor: (de autor)/Casa 
das Ciências. ISBN: 978-989-97682-0-8. 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

209 

The Scientific Concepts in Biology 
Textbooks 

M Ornelas, C Horta, D Aguin-Pombo 
Universidade da Madeira, Portugal 

marcia_ornelas@yahoo.com, 
cristinahorta@yahoo.com, aguin@uma.pt 

Abstract. Learning a science requires the 
understanding of its language, and the textbook 
as an educational resource, stands out in the 
whole teaching process, particularly in the 
years before the national tests. To what extent, 
do biology textbooks represent a strategic 
instrument for teaching and learning and a 
vehicle of the curricular message? All biology 
concepts covered and defined in the two 
biology 10th grade textbooks that are most 
adopted in Portugal, were quantified using a 
comparative study. The results showed that 
these textbooks covered more than 90% of the 
concepts recommended in the curriculum 
guidelines, although the total number of 
concepts was 6.5 to 7.5 times bigger than 
suggested. 

Keywords. Biology, Concepts, Secondary 
school, Teaching and learning, Textbook. 

1. Introduction
The key to learning any science lies in

understanding its language [1]. Biology is a 
science that gathers knowledge, facts, theories 
and principles and, as such, many concepts. 
However, not all are equally relevant in order to 
profoundly structure a biological way of 
thinking. Given this, some authors suggest that 
biology teaching should be based on a justified 
selection of the most important concepts [2], 
[3]. Regarding this, the Ministry of Education 
(ME) in the Curriculum Guidelines for 
Secondary Education, identifies the most 
relevant concepts as well as the appropriate 
teaching methods for fulfilling the curricular 
programme [4]. 

The curricular programme of this subject 
aims to promote meaningful learning in the 
youth in order for them to achieve scientific 
literacy, which is fundamental for assuming a 
proactive atitude on scientific issues or matters 
relating to their life and to the life of others [4], 
[5]. Knowing that knowledge is constructed and 
reconstructed from the selection of different 
information acquired throughout life, it is 
expected that as a privileged educational 

resource, the textbook should be in perfect 
coordination with the goals and overall 
objectives of the Curricular Programme. The 
textbook should contribute to the construction 
of a solid body of knowledge and to the 
development of various skills [6], [7] promoting 
in the student, an autonomous learning, 
particularly in school years prior, and that 
prepare for, exams that give access to Higher 
Education. 

The importance of language, vocabulary and 
concepts used in school textbooks has been 
studied for different purposes. Some studies 
address the importance of language in the 
construction and communication of scientific 
ideas [1], [8]. Others check to what extent the 
concepts explored in the Science and Biology 
textbooks aproximate ou differ to the 
knowledge of reference, in other words, to the 
knowledge that is the object of study of the 
teacher in training [9]. There are others that 
identify the most important biology concepts 
that student must know, demonstrating the 
existence of a discrepancy between the 
number of concepts that students are able to 
learn and the time available for such learning 
[2]. Some textbook studies have also evaluated 
the key contents that enhance scientific literacy 
in students [10], and created a list of the most 
important concepts in Biology [3]. 

In Portugal, very few studies have been 
made involving biology textbooks. Some of 
these studies compare the message of the 
Natural Science textbooks of the 3rd cycle of 
basic education with the recontextualization 
processes that take place in the curriculum 
message during the elaboration of the 
textbooks [11], [12]. However, none focused to 
what extent the 10th grade Biology and Geology 
textbooks represent a strategic instrument for 
teaching and learning and a vehicle of the 
curricular message proposed by the Ministry of 
Education, particularly regarding the 
recommended biology concepts. 

The aim of this study is the quantification of 
the number of biology concepts referred to in 
the Curriculum Guidelines of the Ministry of 
Education that are presented and defined in the 
two selected textbooks as well as evaluate 
whether these number of definitions allow the 
student an overall understanding of the content 
and an autonomous study during the years 
prior to the exams that give access to higher 
education. 
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1.1. Selection of the textbooks 

The textbooks selected for analysis were the 
two most adopted 10th grade Biology and 
Geology textbooks of the secondary schools in 
Portugal during the school year 2012/2013, one 
from Areal Editores [13] and the other from 
Porto Editora [14], according to data confirmed 
by the publishers. These textbooks were also 
the most used in the secondary schools of the 
Autonomous Region of Madeira (ARM).  

Each textbook consists of two volumes, one 
of biology and another of geology. In this study, 
only the Biology volumes were analyzed. 

2. Methodology

Direct research and the descriptive method
were used to develop a descriptive/ comparison 
type of study [15], [16]. Based on this method 
an inventory was made of all biology concepts 
present in both analyzed textbooks. 

The textbook analysis was performed by two 
investigators. Each one fulfilled a complete 
analysis of one of the textbooks, quantifying all 
the biology concepts present in the text, 
illustrations, text boxes and activities, except for 
the ones present in headers and titles, in theme 
presentation pages of the unit or chapter and in 
the questions of the consolidation activities 
along each chapter or at the end of it. Each 
concept was checked in order to verify if it had 
a definition in the text, in illustrations, in text 
boxes and in the glossary (if any), and if the 
concepts were considered by the Curricular 
Programme of the subject, as mandatory 
concepts to be covered [2]. Each concept was 
counted once, regardless of the number of 
times it appeared in the textbook. Given the 
high number of synonyms of some concepts, all 
terms for the same concept were considered as 
a single one. 

In order to standardize criteria and avoid 
ambiguities in data collection, definitions were 
created for concepts such as Text, Illustration, 
Text box and Activity (Table 1). The textbooks 
were analyzed gradually, page by page, 
marking and quantifying all the concepts and 
respective information regarding the definition. 
During the data collection process, all doubts 
and questions raised were marked and 
discussed weekly between the two 
researchers, in order to minimize the margin of 
error. Once the analysis was carried out, the 

same researcher performed a second reading 
in order to detect possible omissions. A data 
matrix was created in an Excel spreadsheet 
with the gathered information. 

Analysis 
Criteria 

Definition 

Text 

Any set of linked words or 
sentences contained in a 
particular chapter, except for 
the information highlighted in 
text boxes, in illustrations or in 
activities. 

Illustration

Figure, graph, table, diagram, 
concept map, photograph, 
geographic map or chart 
contained in each chapter. 

Text Box 

Any set of linked words or 
sentences highlighted outside 
an illustration or activity in 
order to complement or add 
new information regarding the 
contents already presented in 
the body text, illustrations or 
activities. 

Activity 

Any proposed exercise in a 
chapter whether it is practical 
or experimental in nature, 
formative, informative or 
associated to Science, 
Technology, Society and 
Environment (STSE). 

Table 1. Definition of the analysis criteria for 
data collection 

2.1. Study variables 

The variables selected were four 
dichotomous qualitative variables recorded in 
nominal scale: Term of the concept, Textbook, 
Definition and Reference of the concept in the 
Biology and Geology Curricular Programme. 

These variables were summarized 
numerically in order to enable their comparison 
in absolute terms. 

The variables were defined as follows: 

Term – The presence (1) or absence (0) 
of the term was checked and its designation 
was registered. 

Textbook – The analyzed textbook was 
identified (Areal Editores and Porto Editora). 

Definition – The presence (1) or absence 
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(0) of a definition was checked for every 
concept found. Its location in the textbook 
was not taken into account, and neither was 
a qualitative evaluation of the definitions 
performed. 

Reference in the Curricular Programme 
of the ME – The presence (1) or absence (0) 
of the term in the Curricular Programme was 
checked in each chapter of the textbook. 
When the concepts proposed by the ME in 
the textbook were referred to by 
synonymous terms, they were also 
considered present (e.g. Facilitated 
transport in the curricular programme versus 
facilitated diffusion in the textbook). When 
the concepts proposed by the ME were 
inserted in chapters that were not suggested 
by the curricular programme, its presence 
was not registered. 

2.2. Data analysis 

The process of analyzing and processing 
information went through three distinct phases: 
the description and reduction of information; the 
presentation and organization of the most 
relevant information and the interpretation and 
verification of data. 

In the reduction information process, all 
terms considered common sense in the English 
language, although related to biology, were 
eliminated from the final data matrix, (e.g. air, 
grass, man, life, wind, thirst, and others), as 
well as some examples of living beings known 
in general by the students and that in the 
textbooks were not explained or addressed as 
explicit examples of concepts (e.g. bush, tree, 
camel, grass, mushroom, grasshopper, pig, 
etc.). All concepts considered of little relevance 
to answer the proposed research questions 
were also excluded from the data matrix, such 
as, those associated with laboratory activities, 
chemistry concepts, concepts associated with 
technology or with agricultural activities or with 
the nature of science, political and 
administrative concepts and concepts relative 
to other scientific areas. 

3. Results

The number of biology concepts in both
analyzed textbooks was considered very high, 
reaching a total of 2178 concepts. Each of the 
textbooks mentioned only half of these 
concepts, that is, 1161 concepts (53.3%) in the 

Areal Editores and 1017 (46.7%) in the Porto 
Editora textbook. After excluding all 
synonymous terms and repeated concepts, 797 
concepts prevailed in the Areal textbook 
(68.6%) and 696 (68.4%) in the Porto Editora 
textbook. Of these, only 504 (33.8%) were 
common to the two textbooks, while the 
remaining were addressed only in one of the 
two textbooks (293 concepts in the Areal 
Editores textbook and 192 concepts in the 
Porto Editora textbook) (Fig. 1). 

Figure 1. The number of biology concepts in 
both textbooks 

The curricular programme of the Ministry of 
Education suggests the study of 106 scientific 
concepts of biology in the 10th grade. Any one 
of the two analyzed textbooks covered more 
than 90% of the biology concepts proposed by 
the ME. The Areal textbook explored 101 
(95.3%) concepts and the Porto Editora 
textbook 99 (93.4%) concepts (Fig. 2). 

In percentage terms, the biology concepts 
proposed by the ME accounted for only 12.7% 
of the total Biology concepts covered in the 
Areal Editores textbook and 14.2% in the Porto 
Editora textbook. The number of other biology 
concepts not suggested by the ME was about 
6.9 times bigger in the Areal textbook and 
about 6 times bigger in the Porto Editora 
textbook, than the one suggested by the 
Curriculum Guidelines (Fig. 2). 

None of the textbooks covered ou defined all 
of the biology concepts proposed by the ME. 

The Porto Editora textbook defined three 
quarters of the covered concepts (77 concepts 
- 77.8%). On the other hand the Areal Editores 
textbook defined less than half of the referred 
concepts (45 Concepts - 44.5%) (Fig. 3). If we 
consider that all the concepts proposed by the 
ME are considered fundamental for the 
understanding of the subject addressed and the 
progression of student's knowledge in other 
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related subject, we find that the number of 
defined concepts is clearly not enough to help 
the student learn Biology, particularly in the 
Areal Editores textbook. 

Fi
Figure 2. The number of biology concepts 

suggested by the ME Curriculum Guidelines in 
the two textbooks and the number of other 
Biology concepts not suggested by the ME 

 

Figure 3. The percentage of biology concepts 
suggested by the ME that present definition in 

both textbooks in comparison to the percentage 
of other concepts defined but not suggested by 

the ME 

Of all the concepts of the ME that each 
textbook covered, only 39 (86.6%) are defined 
in the two textbooks. The rest of the concepts 
were defined only in one of the textbooks. The 
Areal Editores textbook defined exclusively 6 
concepts (13.3%) while the Porto Editora 
textbook defined 38 (49.4%). When comparing 
the number of concepts suggested by the ME 
that have definition in the Areal textbook 
(44.5%) and in the Porto Editora textbook 
(77.8%), with the number of other defined 
concepts not suggested by the curricular 
programme (Areal Editors - 15.1% and Porto 
Editora - 21.3%), we found that the biology 
concepts suggested by the ME were always the 
most defined in any of the textbooks (Fig. 3). 

4. Discussion 

Today more than ever, great importance is 
given to the way the selection, organization and 
presentation of what we want students to learn 

is made [17]. It is fundamental to find the best 
way to relate all concepts with the previous 
knowledge of the student. In this sense, the 
organization of the information, the amount of 
concepts and the way these are defined in the 
textbooks play an important role in student 
learning. 

The textbook should not be a copy of the 
curriculum proposed by the Ministry of 
Education, however it should reflect its 
message. The biology concepts proposed by 
the ME in the analyzed textbooks were always 
the most defined, in relation to other biological 
concepts that were not suggested in the 
Curriculum Guidelines. However, only a third of 
the concepts of biology proposed by the ME 
(36.8%) were defined in both textbooks. When 
the meaning of unfamiliar concepts is not 
presented, the student needs the teacher’s help 
in interpreting the scientific contents much 
more, which reduces his autonomy in the 
learning process [18]. If we consider that all 
biology concepts proposed in the Curriculum 
Guidelines represent those that the student 
needs to know in order to understand 10th 
grade Biology contents, we find that the 
number of defined terms in common in the two 
analyzed textbooks is clearly lower to what the 
student really needs to know. 

In this sense, in secondary education the 
textbook assumes a crucial role during the 
preparation for exams that give access to 
higher education. The gaps found in the two 
textbooks indicate that the student should use 
more than one textbook during the study of the 
concepts recommended in the Curriculum 
Guidelines. In this way, the teacher's role is 
even more crucial to the understanding of the 
proposed concepts. It is up to the teacher and 
the school to make a critical evaluation of the 
textbooks to be chosen, so that the students 
get a good preparation and understanding of 
the subject [4], [11], [12]. 

The total number of concepts covered in 
each textbook is also relevant. This study 
showed that the total number of concepts 
covered in the textbooks of Porto Editora and 
Areal Editores was respectively 6.5 and 7.5 
times bigger than the one suggested by the 
guidelines. In addition to the concepts of the 
ME, the number of other biological concepts 
not suggested, was 6.9 times bigger in the 
Areal Editores textbook and approximately 6 
times bigger in the Porto Editora textbook than 
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suggested in the curriculum guidelines. These 
results are very similar to those found in the 
analysis of Biology textbooks of grade 7 and 10 
in Germany [2]. The same authors found that 
taking into account the lesson time available, 
students had to learn a new concept every 
minute (1.4 minutes) in order to know all the 
concepts that the textbook presented [2]. 
However, since the number of concepts 
covered must be adequate to the time available 
for teaching and to the learning capabilities of 
students, these authors consider that only of 
two or four new concepts per lesson are 
possible to be learnt by students [2]. 

In Portugal, if we consider the 10th grade 
and relate the total number of biology concepts 
initially recorded in the textbooks (2178 
concepts) with the time available per lesson 
throughout the school year (108 periods of 45 
minutes or 4860 lesson minutes), and if we 
assume that the teacher teaches the whole 
textbook contents, we understand that students 
have to learn a new biology concept every 2.2 
minutes, which is considerably exagerated. The 
inclusion of a large number of concepts will 
only hinder the cognitive organization of the 
student and complicate the understanding of a 
particular matter. In this way, it becomes 
necessary to select the most important 
concepts and focus teaching on the essential 
concepts. It is important that a critical 
assessment of the most important concepts 
and of the most appropriate teaching strategies 
given the available time of the lesson is done, 
in order to promote meaningful learning. 
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Abstract. We will present final results of a 
project – Droide II – Robots in Mathematics and 
Informatics Education. Within this project we 
created and implemented learning scenarios for 
hands-on mathematics and informatics 
learning, in which robots had a central role. 
Using a qualitative methodology in data 
collection and data analyses we tried to 
understand how the use of robots, as mediating 
artefacts of learning, contributed to the 
production of meaning and learning of 
mathematics and informatics. We used as 
theoretical framework, Situated Learning and 
Activity Theory. Some interesting results have 
emerged from a three years project searching 
about teaching and learning mathematics and 
informatics, through a 'hands-on' project - 
robots in mathematics and informatics 
education. 

Throughout the presentation of the six 
learning scenarios created in the project Droide 
II (The Possible Travel [1]; Making a Movie [2]; 
Robot Race [3], Droide Virtual [4], Robot 
Guide-Dog for a Blind Girl [5] and A Journey to 
the Earth’s Core) - we will highlight several 
features, that emerged as important when 
designing learning scenarios with robots for 
hands-on learning mathematics and 
informatics. 

We will also present some attributes of the 
learning that emerged from the implementation 
of the learning scenarios with robots [6] 

Keywords. Robots, Learning Scenarios, 
Learning Mathematics, Learning Informatics. 
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Abstract. Efficient practicing of hands-on 
inquiry-based learning is barely possible 
without the teachers’ concern about the 
attractiveness of the educational research, 
performed either in the class or during the 
extra-curricular projects. It is highly desirable 
for the students to stay interested and focused 
all through their inquiry. The very first 
acquaintance with the phenomenon or an 
object to be studied must induce students’ 
questions revealing their curiosity, to be 
transformed into the desire to solve an 
intriguing experimental problem [1]. Strategy of 
the following research must provide for the 
thoroughly reasonable timing which will keep 
students staying tuned to the class activity or a 
project. Equally importantly, the outcome of an 
inquiry must let the students feel rewarded for 
their creative effort. Excessively routinized 
or/and time-consuming research may provoke 
students not to complete it, while a trivial or an 
uncertain result will cause disappointment with 
all the negative didactical consequences. On 
the other hand, an exceedingly entertaining 
informal science activity may be enjoyable for 
the students but with hardly any additional 
didactical value at all, literally a waste of time 
educationally. Thus, the choice of the adequate 
topics of the students’ educational research is 
the key to the success of the IBSE practice.  

Light phenomena provide for an abundant 
field of the enjoyable creative students’ 
research with an enormous educational 
outcome. Corresponding activities may range 
from observations of the intriguing interplay of 
sunlight reflections and shadows to the intricate 
laboratory investigations. We review several 
practiced projects of the sort that combine 
outdoor observations and hands-on 
experimentation with light phenomena using 
low-cost conventional equipment and materials. 
Double shadows, multiple reflections, 
superlattice moiré patterns, unusual light-
guides, an original CD/DVD model of the 

rainbow, optical applications of the focal 
properties of ellipses and other exciting topics 
have proved to be of a true educational value. 
Computer modelling is a natural part of the 
presented activities and is combined with the 
ruler-and-pencil drawings to justify suggested 
explanations and to search for the new 
phenomena to be observed live. 

Keywords. IBSE, efficiency of education, 
creative observations, hands-on projects, light 
phenomena. 
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Abstract. Finding studying topics able to 
promote the interplay of different disciplines to 
which students usually devote separate mental 
compartments are extremely useful once they 
can be explored in a wider perspective. As 
every “knowledge” is part of a whole global 
learning, as well as scientific literacy, any tool 
enabling to link different subjects is always 
desirable and can be looked at as a kind of a 
“bless” if it manages to motivate and reach 
students´ learning. 

The chemical element “chromium” is the 
main theme to be studied in the present work 
and it is used as a “case study”. Chromium has 
been considered and classified as an essential 
element for over 50 years, due to its (possible) 
important role in living systems [1]. However, its 
classification also as toxic and carcinogenic 
gives him a dual behaviour providing a great 
example and interest mainly in terms of biology 
and chemical education. Further-more, it can 
be easily enlarged in order to reach many other 
fields of knowledge, even some less expected. 
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The identification of the biological functions 
associated to different elements became one of 
the fundamental aspects for research in recent 
life sciences. Additionally, extraordinary 
advances in these research fields arose in 
chemistry, biochemistry, pharmacology and 
medicine. 

Chromium has a paradigmatic role in the 
possibilities to explore interfaces in a wide 
variety of other sciences, although biology and 
chemistry appear the most evident. Moreover 
chromium can be used and discussed from the 
basic (2nd cycle) to the higher levels (3rd cycle 
and secondary school - 10th and 12th school 
years). 

In this work some examples of topics and 
branches of sciences which easily can share 
the keyword “chromium”, are presented and 
described below. 

Then we have chosen some examples to 
establish connections, such as "Essentiality": 
definition and exploration of why some 
elements are essential to life - Biology; 
"Dependence on the oxidation state": analysis 
of the elements location in the periodic table 
(transition metals) and their resulting chemical 
properties - Chemistry; " Required amounts of 
the elements to living systems" (bulk or trace 
elements) - Nutrition; "Justification of 
essentiality": inorganic coordination compounds 
(GTF and LMWCr) [2] - Inorganic and 
Coordination Chemistry; "Cellular metabolism 
of chromium": Biochemistry / Cell Biology; 
"Historical perspective" of the evolution of the 
concept of essentiality and evidence of this 
essen-tiality for chromium - History of 
Chemistry; "Pathologies associated with 
chromium deficiency" (diabetes and lipid 
metabolic problems) [3] – Medicine / 
Pharmacology; "Natural products or drugs 
containing chromium" (tris-picolinate-CrIII” [4] – 
Pharmacology/Industry of food supplements; 
"Controversy about the safe use of these 
supplements", as contradictory research results 
have been lately published - Public Health / 
Pharmaceutical Industry / Cutting-edge bio-
metabolomics research; “Toxicity of CrVI”: 
strong oxidant - Chemistry; "Industrial uses" 
(chrome plating, leather processing) - Pollution; 
"Waste treatment": Environmental sciences; 
"Illnesses" [5, 6] (lung and skin cancer, 
dermatitis) - Epidemiology; "Movie scripts" (Erin 
Brokovitch) [7] - Cinema; "Enlargement of the 
world markets" (China, North Africa and other 

emerging economies) – Economy. 

This work will present, by means of graphic 
tools [8, 9], some possible interdisciplinary 
relationships to be established departing from 
the word "chromium" and their implications in 
many different disciplines in a wide scope of 
knowledge. It is intended, therefore, to 
promote, in an appellative way, the scientific 
nature of learning, the general cultural skills 
and even civic education. Besides that, another 
aim of work is to improve, in students from 
various degrees of school development, skills 
of trans-disciplinar competences. 

Keywords. Chromium, biology chemistry 
pharmaceutic and medical sciences, nutrition 
supplements, industrial applications and 
environmental pollution, interdisciplinarity. 
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Abstract. The absence of experimental work 
for students in all forms of science particularly 
in physics education brings about the loss of 
motivation and prevents deep understanding of 
real world phenomena. Combining natural 
phenomena and work in the classroom 
presents a considerable challenge for teachers 
and students alike. 

Wind tunnels are an important form of 
testing and measurement for industry and 
laboratory research. That form of testing is 
essential in the automotive and aerospace 
industries, as well as for observing birds and 
some other physical bodies. 

Building Wind tunnels brings fresh air into 
experimental education taking place at High 

School Krsko. Literally, we brought the air into 
the classroom. One year and a half we spent 
designing, drawing and making by hand 
primary parts of the equipment. We 
encountered many problems with shortage of 
tools, equipment, materials, technology 
processing of materials and particularly with 
space. With all these problems, students 
learned a lot. 

Only then did we begin to learn something 
about aerodynamic physics. The project is an 
opportunity for students to use different sensors 
and IT technology. They can develop 
sophisticated measurements and methods, 
hardware and software components and 
solutions in order to exercise their engineering 
skills. During this process, they learned a lot of 
science and physics. 

 At the start we set some goals. We were 
looking for answers to the following 
questions and to complete the following 
tasks: 
Determine the optimal measure of laboratory 
wind tunnel. 

 Select materials for construction. 

 Dimensioning drive air flow. 

 Decide how to ensure a steady continual 
distribution of air flow through the section of 
the wind tunnel. 

 Identify the method of measuring air velocity 
in the device.  

 Try out some of the old methods of 
measuring, which are based on a change in 
pressure. 

 Establish measurement with digital 
anemometer (Vernier).  

 Establish a mechanism for transmitting the 
measurement for forces in two coordinates. 

 The measurement forces in x-y with digital 
sensors. 

 Computer data processing (Logger Pro). 

 Find the technology to see the wind lines. 

 Design and construct in the program 
SketchUp. 
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To download the main information about the 
model (car, plane, bolides, aerodynamic body) 
in a measurable value, we need sensors, which 
get certain information. These are then 
empirically evaluated and determine the 
appropriate physical coefficients. Our system 
was designed to measure forces in two 
coordinates. The vertical component Fy 

represents the lift force or pressure (low 
pressure), a force component Fx represents the 
resistance force of the object (model) in a fluid 
(air). The measured data are transferred to the 
table and representation graphical of physical 
quantities. By making careful measurements of 
the forces on the model, the students can 
predict the forces on the full scale of models. 

All the work with wind tunnels in the 
classroom goes in two primary directions. The 
first is the regular course of instruction. In that 
part students can carry out experimental 
exercises. Even like didactic material for 
graduation. The other direction is research, 
where students can find unlimited possibilities 
for their development and release (explore?) 
ideas. 

We measure with a laboratory wind tunnel 
some physical phenomena: basic 
measurements (speed of air, changes of 
voltage engine, volume flow, dependence of 
current and voltage drive....), forces on airplane 
wing, resistance to air models, streamlines in 
chamber, pressure and velocity on the wing, 
Venturi effect, Doppler effect, effect of pitot 
tube. 

A wind tunnel is open and draws air from 
outside the tunnel into the test chamber and 
then pushes it back outside. In the future we 
wish to upgrade the tunnel to a closed system 
with the air recirculating inside the tunnel. 

For physics and area of aerodynamics we 
currently have access to many computer 
programs with animations and simulations. And 
what are the advantages of using the wind 
tunnel before animations? 

Direct handmade work with models, 
adjusting sensors, settings and measurement 
protocols of work offer students an extra 
dimension and additional cognitive perceptions 
for physical problems. 

In other words, with direct measurements, 
observation and perception of changes in the 

lab wind tunnel, we hope to acquire knowledge 
and arguments for a particular insight. These 
must be clear and concrete, to enable the 
students to come to suitable solutions and 
decisions. 

Project page: 

http://www2.arnes.si/~sssknm4/vetrovnik_ang/i
ndex.html  

Keywords. Wind tunnel, aerodynamic, forces, 
lift, drag, sensors, models, physics 
experiments, measurement. 
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A Study on Teachers' Perception 
about Educational Technology 

C Serdar, E Ceylan 
Technology and Design Educators 

Association, Adana, Turkey  

Introduction 

Changes in tecnology have influenced the 
education profoundly. Weiss and the others 
(1999) stated that pupils have to learn how to 
learn, how to think and how to use the 
necessary technology for them and they have 
to be educated accordingly. Most of the 
educators and researchers have reached a 
concensus that educational technology used 
efficiently has the potential of fostering 
education system (Cagıltay, Cakıroglu, Cagıltay 
ve Cakıroglu,2001). Efficient learning in 
classroom can be possible when the interaction 
between pupil-teacher, pupil-pupil, pupil-
content and pupil-environment are at high level 
(Anderson,2003). In order to get high efficiency 
from these interactions techers should benefit 
from educational technology (Ulas ve 
Ozan,2010). 

The role of teacher has changed in our 
education system. A teacher is a counselor 
who shows the pupils how they reach the 
knowledge rather than transforms it. Teachers 
have to know how to use technology in 
accordance with the innovations in education 
process in order to counsel the pupils in 
teaching-learning process (Usun, 2006).As a 
result, they will raise a generation who follows 
and adapts to innovations in technology. 
Akkoyunlu (2002) stated that technology has an 
important role in education. For this reason 
teachers need combine their field topics with 
technology. But teachers' education on 
technology is sstill a problematic issue. 
Researchers think that technology need to be 
used as a tool rather than a goal in education 
(Strudler ve Wetzel, 1999). However, it is 
supposed that only knowledge and skill are 
acquired in the in-service training prepared by 
Ministry of Education. As a result, teachers 
don't know how and where to use technology.  

Koehler and Mishra(2005) stated that 
teachers have to know about technology, 
pedagogy and content (Technology, Pedagogy 
and Content Knowledge, TPACK) in order to 
use technology in education. 

Teachers’ experience, decisions, 
approaches, belief and attitudes have influence 
on their use of technology in education 
(Cagıltay and the others). It will be useful to 
identify teachers' perception about educational 
technology in order to develop strategies about 
integration of technology with education. 

Having all these in mind, our aim is 
'Studying Teachers' Perception about 
Educational Technology'. 

Method 

Target population of the study is teachers 
working in centrum of Adana in 2015 academic 
year. From this population samples are chosen 
through criterion sampling. According to 
Buyukozturk and the others (2008) in a 
research observation units are made up of 
people, events, objects or situations having 
particular features. In this case units (objects, 
events, etc) meeting the criterion for sample 
are taken into sample. From this point of view, 
criterion for the sample is teachers working in 
the schools having smart boards. According to 
this, the sample of the study is 50 teachers 
working in the schools having smart boards in 
the centrum of Adana. 

Keywords. Educational Technology, 
Technology, Teacher. 
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Abstract. This study is done in a natural park 
(Southwest Alentejo and Vicentine 
Coast Natural Park - PNSACV) a marine area 
with an extension of two km offshore all along 
its coastline (Marine Protected Area - MPA). 
The coast is composed of oceanic sandy 
beaches, extensive rocky shores, small 
estuaries and coastal bays. 

The four MPA inside PNSACV, are Ilha do 
Pessegueiro and Cabo Sardão in 
Southwest Alentejo, Vale do Homem and 
Ilhotes do Martinhal in Vicentine Coast. The 

PNSACV has an extension of 130 km including 
in the municipalities of Sines, Odemira, Aljezur 
and Vila do Bispo. 

The “recreational fishing” it is part of the 
tradition of the people living in these near 
municipalities, having inherited a taste for rock 
fishing and shell fishing of their ancestors.  

They are deprived of a moment's notice 
based on a law without being heard, without 
anyone to defend the tradition inculcated in 
each. In this park, since  2006, with the first 
law (868/2006) several  fishing management  
measures  have  been implemented like, 
limitations and prohibitions without studies and 
licenses based on dissuasive law. 

In practice, the process was reversed. What 
should be awareness and public participation 
became a force against the will of the people. 

The another law (143/2009) for de PNSACV 
area it`s even more restrictive, separating the 
principle of equality between nationals and 
resident people in PNSACV, compared to the 
law (144/2009) for the entire national territory. 

In 868/2006: 

 it was not allowed to collect seafood 
with any instruments; 

 it is not allowed to use bait;  
 maximum weight of 10 kg of fish/day; 

maximum weight of 500 grams 
barnacles;  

 night fishing was not allowed. 

In 143/2009 law, the days for recreational 
fishing were reduced (Thursday - Sunday and 
Holidays); New interdiction zones were created; 
The maximum total weight of fish/day was 
reduce; It was created a closed period for sea 
bream (01 January to 31 March); The collect of 
barnacles until 1 kg, was allowed only to 
recreational angler license holders who are 
natural or residents of the municipalities 
PNSACV; Night fishing was allowed only with 
life jacket use in PNSACV. 

These restrictions were not accepted by the 
population who express their discontent in 
Sagres, Odemira, Vila Nova de Milfontes and 
the Assembly of the Republic in Lisbon. A 
working group was created and a law was 
changed revoked. 
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Currently, the most relevant restrictive 
measures are the “false” temporal limitation to 
catch sea bream, because it`s only effective for 
rock angler; Established minimum sizes and 
weight maximums for marine organisms like, 
crustaceans, bivalves, gastropods, mollusks 
and fish; Angler fishing licenses are required.  

Finally studies of the evaluation of MPA are 
made, but only in two of the four MPA covered 
certain species, without any restrictive 
measures. 

Populations and commissions where heard 
and the scientific community begin working with 
the anglers in some studies. All should have 
been started here. 

Keywords. Marine protect area, recreational 
fishing, angler, marine organisms, restrictive 
measures, rock fishing, 
Southwest Alentejo and Vicentine 
Coast Natural Par. 
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Abstract. In light of the current policy, a 
research focus on new forms of STEM learning 
has been defined on the European Commission 
(EC) and on national agendas. Inquiry-based 
learning is suggested as an efficient approach 
for propagating the practice of scientific inquiry 
and sparking student’s curiosity by linking 
everyday day life phenomena with science 
teaching in schools. 

Process guidance and scaffolding are 
considered to be a necessity by most 
researchers in the field of (mobile) inquiry-
based learning (Suarez, Prinsen, Kalz & 
Specht, 2015). Hmelo-silver, Duncan and 
Chinn (2007) lay out some of the complexities 

of inquiry-based learning, and provide clues for 
guiding and scaffolding the process. Students 
need structural support for developing their 
inquiry skills, therefore we set out to test an 
online (mobile) platform, that allows designers 
to structure the IBL process in a very flexible 
way. A review study on mobile inquiry based 
learning designs showed that mobile task 
support (ranging from dynamic lesson plans, to 
scripting for the entire inquiry learning process), 
by itself, can support a diversity of first- and 
second order effects (e.g. improved enjoyment, 
improved insight, and critical thinking skills). 
Through this study we aimed to learn more 
about the optimal level of structure. What would 
be the effect of structuring the student’s 
inquiries according to the 6 phase weSPOT 
model, the weSPOT activity structure, and 
making use of a mobile tool to support the 
process. 

We present an analysis of the use of 
weSPOT project platform, with 155 school 
students from HAVO and VWO levels (ages 11-
16), working in groups of 3/4. In the context of 
the food-week at the school, the students used 
the weSPOT platform with these three 
variations: 1) without following the six-phase 
IBL model developed in the project, 2) following 
the six-phase IBL model and 3) following the 
model, but also using the mobile app Personal 
Inquiry Manager as an application to extend 
data collection tasks outside of school and to 
afford mobile prompting. We wanted to know 
the level of engagement of students with the 
supporting task (activity widgets). Additionally 
we wanted to know the effect on cognitive load, 
and we expected to see the experimental group 
demonstrate deeper scientific understanding 
and more personally relevant learning, as they 
could tie their knowledge to their everyday 
experiences. 

We found that students were not engaging 
with the task-structure to the level we had 
expected. The data from the platforms’ log 
show that students didn’t perform all the tasks 
in the environment and they tend to skip tasks. 
73% of the contributions were provided in the 
first phase of the inquiry, the five other phases 
got barely any attention. Preliminary field data 
revealed that students felt lost during the 
intervention; they didn’t understand why all 
these small tasks were needed in coming up 
with a solution for their questions. The field 
data also suggest that students do not focus on 
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IBL as a process, they were mostly working 
according to their custom, going straight to 
work on developing their final presentation. 

Our findings encourage us to investigate 
plausible solution to cope with this lack of 
engagement. Support strategies for the division 
of labour, and making the inquiry tasks 
meaningful to students will be addressed in 
further interventions. Also, learning process 
analytics may help focus students on the IBL 
process; providing students with more 
contextual information may allow students to 
better understand the essence of inquiry-based 
learning. 

Keywords. Division of labour, engagement, 
Inquiry-based Learning, mobile technology. 

References 

[1] Hmelo-Silver CE, Duncan RG, Chinn CA. 
Scaffolding and achievement in problem-
based and inquiry learning: A response to 
Kirschner, Sweller, and Clark. Educational 
Psychologist 2006, 42(2), 99-107. 

[2] Suarez A, Prinsen F, Kalz M, Specht M. A 
review of Mobile Inquiry-based Learning 
designs and their effects. Submitted. 

 

 

Dependence of Fluorescence on 
Temperature 

B Mota, S Ferreira-Teixeira 
University of Porto, Portugal 
barbaraverse@gmail.com, 

sofialuisaft@gmail.com 

Abstract. For HSCI 2015 we bring a project 
based on our work developed in Physics 
Laboratory III, a subject of Bachelor’s degree in 
Physics of Faculty of Sciences of University of 
Porto. During the semester we built an 
experimental setup to study how fluorescence 
of ruthenium samples is affected by a change 
in temperature. Later we challenged ourselves 
to reinvent our project in order to teach people 
of all ages and backgrounds about light, 
fluorescence and ways of detecting light. And 
thus, we took part in the Sciences Fair: “À 
descoberta da luz” where we won the first prize 

in our category. 

Experiment and Results 

We set up an experiment that allowed us to 
study changes in ruthenium’s fluorescence with 
temperature varying between 14ºC and 60ºC. 
By using a LED (λ~400 nm) we made 
ruthenium fluoresce with maximum intensity at 
a wavelength λ=(596±4)nm. A spectrometer 
was used to obtain spectra of this fluorescent 
light. We observed a decrease in intensity as 
the temperature increased. However, the 
wavelength corresponding to the maximum 
intensity was shown to be independent of the 
temperature in the range of temperature 
studied. Furthermore, the spectrum of 
fluorescence got wider with higher 
temperatures. 

What is fluorescence? 

If we irradiate some materials with an 
appropriate light, they emit light as a response. 
This is a process called photoluminescence. 
Fluorescence is a type of photoluminescence 
that has an almost instantaneous response 
(∆t~ns) to an excitation light, ceasing in its 
absence. The incident light is absorbed by the 
material, exciting electrons to higher levels of 
energy. After a transition to an intermediate 
level of energy, the electrons return to the 
ground level emitting photons with energy 
equal to the difference between the last two 
energetic levels. That explains why fluorescent 
light always has less energy than the excitation 
light. 

We see fluorescence in crystals and even in 
some animals and plants. It is also used in bills 
and decoration. 

Studying how these processes happen is a 
way of understanding atomic properties of 
materials. Therefore, the study of the effect of 
temperature on fluorescence gives a deeper 
knowledge of solids and their optical properties.  

Presentation 

Our participation in HSCI 2015 has two 
goals. 

First, we seek to teach our audience about 
fluorescence: why it happens, how it is 
produced and how we detect it. There will be a 
poster containing this information. On the other 
hand, we will show various examples of 
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fluorescence, recurring to optical devices such 
as LASER pointers, a spectrometer, and optical 
fibers. Visitors will have the chance to interact 
directly with our experiments. 

Secondly, we will present our study of the 
dependence of fluorescence on temperature, 
explaining the theoretical backgrounds and 
details of our experiment. We will be supported 
by a poster illustrating the experiment and its 
results. 

Keywords. Fluorescence, Photoluminescen-
ce, Optical Devices, Temperature. 
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Abstract. In the winter of 2013/2014 
portuguese coast was devastated by severe 
and continuous storms and highly energetic 
waves, being this problem part of the news 
items for the worst reasons. In the last few 
years, Portugal suffered a progressive advance 
of the sea, caused by a variety of factors, 
putting in danger the security of people and 
buildings [1]. 

The information provided by media does not 

seem enough to understand all of the coastal 
erosion phenomena that have occurred. In a 
time when scientific community debates on the 
problems and causes of the erosion of the 
Northwest Portuguese coast [2], it seems 
important to make this information available to 
all citizens. 

Rivers sediments should be transported to 
the continental shelf, but instead they are 
retained in the dams and although specialists 
refer this phenomenon as responsible for 
causing an enormous impact on erosion [1], it 
is one of the less public-known causes. This 
project pretends to contribute to an overall 
citizen enlightenment by developing a 
television-documentary broadcasted on an 
open channel, based on a series of interviews 
held with seven scientists from several 
departments of the University of Aveiro, 
specialised in coastal erosion. 

The documentary addresses the Portuguese 
coastal zone in general and specifically the 
coastal zone of Aveiro region and the 
hydrographical basin region of the Douro River 
[3]. This production belongs to Fábrica Ciência 
Viva Science Centre of Aveiro which is part of 
the University of Aveiro and “Ciência Viva”, the 
national network of science centres. 

The main goals of the project are: 
identification of agents that originated the 
vulnerability of the Portuguese coastal territory; 
promotion of public understanding of erosion 
phenomena particularly among affected 
citizens; awareness about the causes and 
consequences of the identified problem; 
contribution to general understanding of 
possible solutions to adopt. 

The project started with a documental 
research and observation, audio-visual material 
registration, accompanying of researchers 
during some of their field works and surveys for 
the interviews. The narrative structure starts 
with a presentation of the problem, followed by 
their causes, consequences and their 
groundings, and some case studies, ending 
with proposals of possible solutions. 
References and information sources are 
referred as well as some final considerations 
about the problem. 

Keywords. Beach, coastal protection, 
erosion, documentary. 
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Abstract. One way to improve student 
performance on exams and create a more 
positive and active atmosphere in classrooms 
is to integrate student response systems 
technology [1]. Contemporary student response 
systems are web-based and provide various 
ways for the students to interact. One example 

is Socrative, a free and intuitive web-based 
system [2], where the students can use their 
own smart phones, tablets, or laptops to 
respond through a range of question options, in 
groups or alone. Socrative is free, student 
access is simple, easy to set up and had a 
modern, intuitive interface [3]. For accessing 
Socrative, all students needed to do is to 
navigate to a URL using the browser on their 
mobile device and enter a designated room 
number. Additionally, the responses can be 
anonymous, providing a safe environment 
which is encouraging student to participate. 

The aim of this study is to develop an 
attitude survey and investigate students’ 
attitudes toward the usage of Socrative in 
physics classes. Two different classes of first 
year students having algebra based 
introductory physics courses participated into 
this research. Socrative was used in the 
courses of civil engineering (24 students) and 
molecular biology and genetics (26 students) 
classes to make formative feedback. These 
courses were 3 hours per week and the 
Socrative was used at the third hour of each 
course for about three months at the spring 
semester of the 2014-2015 academic year. The 
instructor initially introduced the topic using 
various teaching strategies then he used the 
Socrative to assess students’ immediate 
understanding. Having an immediate feedback 
helped to inform the instructor of student 
understanding of the current content being 
taught and to conduct extra activities to 
increase students’ understanding on the topic. 
Research indicates that addressing learning 
concepts quickly with immediate feedback is 
very effective for improving motivation and 
learning [4]. The Socrative was totally used 
eight weeks in both classes. This is a long 
enough time for students to develop an attitude 
toward the Socrative. 

Along with demographic items the 
researchers developed a 27 item survey to 
reveal students attitudes toward Socrative. The 
survey have five dimensions; advantage, belief, 
engagement, usability and attitude. Further, it is 
a 1-5 Likert scale where “1” indicating 
completely negative and “5” indicating 
completely positive attitude. The items were 
picked up from previous surveys [5], [6], [7], [8] 
on Socrative and it was validated through 
expert views. Moreover, its internal consistency 
reliability coefficient, Cronbach’s alpha, was 
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calculated as 0,95. 

The results indicated that students have a 
slightly positive attitude toward Socrative. 
Moreover, there was a statistically significant 
difference between the attitudes of civil 
engineering and molecular biology and genetic 
students. The attitude of latter group was fewer, 
this case was because of the fact that their 
biology course instructor also used Socrative, 
however, for grading. Results also showed that 
there were no difference between the attitudes 
of males and females, and there were no 
correlation between the attitudes and students’ 
physics first term grades. As a conclusion, 
firstly, this study proved that the survey 
developed can be used in assessing students’ 
attitudes toward Socrative in future studies. 
Second, Socrative can be used in teaching or 
discussing physics by other instructors as a 
student response system. 

Keywords. Attitude toward Socrative, 
formative assessment, student response 
system, teaching physics. 
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Abstract. “Sem pensamento, sem diálogo 
estruturado sobre o porquê das coisas, sem 
controvérsia, sem enigma, sem verdadeira 
experimentação, não há ciência nem educação 
científica.“ 

José Mariano Gago 

“It is much more interesting to live not 
knowing things than having the answers that 
could be wrong. I have many approximated 
answers, possible believes and different 
degrees of certitude about many different 
subjects, but I am not absolutely sure about 
anything…” 

Richard P. Feynman 

Science is a human activity as old as 
humanity itself. Science has been accumulating 
knowledge through time, enabling the increase 
of society life standards. Scientific knowledge 
can be build up in separate parts that connect 
to each other in an integrated way and it should 
be accessible to all in order to enable the 
formation of active and more enlightened 
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citizens, which are able to take decisions. 

Astronomy is considered the most ancient 
science. Humanity got used to observe the 
Cosmos with admiration and curiosity, 
sometimes also with fear. Three principal 
motivations lead to astronomy development: 
survival, orientation at counting of the time. 
Galileo opened us the doors of the universe. 
With his discoveries and findings, in January 
1610, he did establish the bases of science and 
that of the scientific method. However, today as 
before, we go on continuously searching for 
answers to old simple questions as: Who are 
we? Where did we come from? Where do we 
go to? Or even: are we alone in the universe? 

Projects and Activities 

In order to understand these and other 
similar questions and to go on the search for 
answers it is necessary to have great curiosity, 
ability to criticize, engagement, perseverance, 
resilience and attitude. On modern societies the 
educative and scientific activities have utmost 
importance. It is necessary to captivate talents 
and integrate always more young people with 
the precedent generations and to disseminate 
knowledge to all citizens. School can, and 
must, promote the discovery of this path. 

We present a set of experimental activities, 
projects and strategies that have as first 
objective to demonstrate the science 
development in the educational context, 
promoting the motivation and the participation 
of youngsters. Simple and easy executable 
experiments, made with everyday use materials 
as “sun clocks” and quadrants will be 
presented. Considering that 2015 is the 
International Year of Light, some experiments 
with light and the importance of its 
technological applications will be presented too. 

They will be held construction practice 
sessions and use clouds chambers (Wilson 
chambers) for detection of cosmic rays: “Cloud 
Chamber Workshop”. 

Nowadays it is unanimous that to 
consolidate the process of science learning it is 
decisive to give to students the possibility to 
make previsions, to discover, to experiment, to 
make errors and to look for solutions, to 
communicate, to share and develop skills at the 
collaborative work level. In summary, to use a 
“hands on” scientific spirit. 

Science activities contribute to the 
development of these skills. Other activities that 
are relevant to the process and that have 
already demonstrate its efficacy on the 
teaching-learning process are: 

- Measuring the length of a pencil shadow to 
determine solar mid-day; 

- Observation of astronomical phenomena; 

- Visits to science Museums and centers (ex: 
Ciência Viva – Science Centers in Portugal). 

- Visits to large research facilities (ex: CERN - 
European Organization for Nuclear 
Research). 

- Talks, Conferences, Seminars and 
workshops bringing scientists to school. 

- Projects, concourses and competitions 
(Ex.ºs: Beam line for schools - CERN, 
Olympics –Physics, Astronomy, etc). 

Some strategies to succeed with those 
objectives are: 

- In classroom give space to students to 
exercise creativity and innovation; 

- Dynamize Clubs (of science, astronomy, 
physics,…); 

- Recognize merit giving regularly prizes to 
best students performances. 
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Abstract. Despite efforts made by the 
countries to give women greater access to 
science and technology education, research 
shows negative results, particularly in the area 
of engineering, physics and computer science. 
A recent study of gender benchmarking by 
UNCSTD (2015), researchers found that 
number of women in the science and 
technology and innovative fields are alarmingly 
low in the world leading economies, and are 
actually on the decline in many including the 
United States. 

India ranks lowest overall of the countries 
study – Brazil, South Africa, India, the Republic 
of Korea, Indonesia, US and the EU including 
low rankings in economic status, access to 
resources, knowledge economy and health. 

While India’s enabling policy environment, 
which has been in place for many years is 
positive, implementation and funding needs to 
increase substantially before women can 
equally benefit from the innovation advantage. 
There are definite signs of progress, India has 
achieved Universal primary education 
enrolment, increased uptake of STI Policy, the 
access to women in S&T can be ensured in 
India if the women are enabled and supported 
to improve their health, access to resources 
and opportunities, and develop capacity to 
contribute to India’s knowledge society. 

The immediate strategy to make some of the 
gap in science, mainstream women in science 
and technology, it is critical to measure the 
participation of women and girls in science and 
technology and innovation by identifying the 
strengths and weakness and form evidence 
based policy making. 

In order to achieve the women parity in 
science, it is important that the science, 
technology, innovation, health care is 
integrated to multiple empowerment factor with 
the most influential being higher economic 
status, larger roles in government and policies, 

decision making, access to economic, 
productive and technological resources, quality 
health care and financial resources. 

The report of the Indian Academy of Science 
analyses and discusses several dimensions to 
consider with regard to issues about Indian 
women in science including the research and 
development, policies, decision making, overall 
environment, ethos, women’s role and status in 
the society. 

The paper would try to address upon the 
reasons for the gender disparity in science, the 
socio-cultural and economic factors, double or 
triple burden of home making, work outside 
home etc. which lead to women missing out 
more in science and technology. The paper 
would highlight the various enabling 
environment required to be created to 
encourage more women in science and remove 
the barriers to access and glass ceiling in 
science and technology. The paper would also 
address the various measures of encouraging 
women in science, promote more women in 
scientific research. The role model programmes 
and mentoring activities need to be 
strengthened to have access to women in 
science and technology through Information 
Communication and Technology (ICT). 

ICTs do play an important role in 
disseminating a wide range of information and 
advice leading to knowledge and attitude 
change among rural communities. Most of the 
ICTs are disseminating new knowledge on 
agriculture, health and nutrition among rural 
women. It is also supporting rural communities 
to acquire new skills and is also creating new 
employment opportunities. However, the 
continuing digital divide between urban and 
rural areas and between men and women 
currently constrain the realization of the full 
potential of ICTs in reaching rural women. 

ICT offer the opportunities for direct, 
interactive communication even by those who 
lack skills, who are illiterate, lack mobility and 
have little self-confidence. 

While new information and knowledge is 
necessary, it is not sufficient to bring about 
women empowerment. To make use of the 
information, women would need access to 
other sources of support and services. Women 
who are part of other development initiatives or 
groups and those who have access to other 
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sources of service and support were able to 
better use the information and knowledge 
disseminated through ICTs. 

The potential of ICT tools varied widely in 
reaching rural women. There is no ideal ICT 
that fits all situations. In most of the ICT 
initiatives that depend on internet kiosks, 
portals, call centres, mobile, video digital 
photography etc, there is not enough evidence 
to show its wider access and use by women. 

Among the varied tools, the knowledge 
centres, mobile telephony and the community 
radio were found to have the greatest potential 
in reaching women with locally relevant 
content. In all cases, there is an explicit 
intention to target rural women. 

Radio and television would still remain 
critical for disseminating a wide range of 
information to rural communities in India in the 
years to come. Increasing interactivity and 
more imaginative programming through 
interfacing with communities and 
listeners/viewer clubs/groups would enhance its 
contribution significantly. Radio and television 
also support distance education programmes to 
a very large extent. 

There is a lot of potential for ICTs to create 
new employment opportunities for women in 
rural areas. Rural women however need 
financial, technical and managerial support to 
effectively utilize this opportunity. ICTs can also 
contribute significant gains in efficiency and 
effectiveness in rural women enterprises. 

These tools and its applications are intended 
for the rural communities without any specific 
attention for women’s special needs for 
information and their constraints in accessing 
these. 

-Men are specifically targeted in these 
initiatives as they take decisions on inputs, 
farm operations, marketing, accessing 
government schemes etc. 

-The information provided through these tools 
are generic and so while it adds to the 
information base of rural communities 
including women, its lack of 
contextualization prevents both men and 
women from using this information 
effectively. 

-Lack of adequate research on women’s 

access to ICTs and the resultant lack of 
data, constraints any specific action that 
might be needed to improve women’s 
access. 

Keywords. Access, decision making, 
economic status, gender mainstreaming, 
health, innovation, knowledge society, policy, 
resources, STI policy, science and technology, 
Universal education policy, women 
empowerment. 
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Abstract. Teaching in the information era is a 
challenge. Teachers face this challenge 
embracing the tools from the computer 
sciences, but students must be engaged. They 
no longer want to be a silent and passive part 
of the class. Science is the pursuit for 
knowledge and students must drive this chase. 

For schools, the cost of the technological 
solutions is really expensive. One kit for 
science activities in physics will reach 1000 € 
for just one group [1]. The commercial solutions 
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[2][3], although very good, have another 
drawback: they all tend to be black boxes. 

Teachers recognize the value of laboratorial 
activities and the use of the computer in the 
class room [4]. There are studies that show the 
impact of these activities on the student’s 
results [5]. 

This work proposes an open platform based 
on the Arduino microprocessor that is cheaper 
and transparent, as long as the teacher wants it 
to be, while been accurate. 

There are no closed long boxes in this 
platform and the components can be easily 
found, even in old toys, allowing students to be 
engaged in the lab apparatus, not just in using 
it, but also in building it. No matter the costs, 
there are some things that can’t be in jeopardy 
and one of them is the results: they must be 
accurate or the solution won’t have enough 
quality to be used. 

Other authors have proposed the use of the 
Arduino platform [6][7] for the laboratorial 
activities in physics teaching. However, this 
project presents a different approach. The user 
won’t have to reprogram the Arduino. 

The ASKIT (Arduino Science Kit) includes a 
firmware for the Arduino that, once installed, 
will ensure the management of the sensors and 
the communication through a USB cable or a 
Bluetooth connection. The main purpose of this 
software is to process de requests from the 
computer and send the data collected from the 
input pins. If everything works as planned, the 
user won’t have to think about it. The hardware 
is composed by an Arduino Uno R3 fitted with a 
Bluetooth chip. The Arduino is a microcontroller 
based on the ATmega328. The sensors are 
light dependent resistors, temperature sensors, 
an ultrasonic distance sensor and others. 

The users will work with the Windows 
application that controls the Arduino by sending 
messages and receiving data. The data rate is 
really important in experiences like the free fall 
objects. With this platform it reaches one 
thousand samples per second. The ASKIT also 
includes an Android app that can work in 
conjunction with the Windows application. Both 
programs will allow the users to receive the 
data from the Arduino and work on the results 
produced by the sensors. 

The tools available in the software include 
charts, to visually analyse the data, and 
regression tools, linear and exponential, to 
reveal trends in series of values. 

The software has some laboratorial activities 
oriented options in order to allow the teacher to 
easily implement them. Activities like the free 
fall object, the bouncing ball and the inclined 
plane have their own options, with specific 
charts and equations. These activities will have 
an explanation of the physics principles, 
including the formulas that students will have to 
apply. The controlling application is ready to 
receive data from multiple Arduinos at once, so 
the teacher only needs one computer in the 
classroom to control all the experiments being 
executed by the students. 

After the data is collected to the computer, 
the students can manipulate it and make their 
work, exporting the collected data and the 
created charts to allow them to make a report 
of the activity. There’s going to be a 
functionality that will give the user the freedom 
to use the platform as an open playground to 
collect data from whatever sensors available in 
the Arduino and do the analysis he intends. 

All the data is stored in XML, so that it is 
easily loaded into other applications like 
Microsoft Excel. This platform is an ongoing 
project for a Master Thesis of the Escola 
Superior de Tecnologia e Gestão de Viseu 
(MSTIO). The development tools are the Visual 
Studio 2013 Community for the Windows 
application, in C#, and the Android Studio for 
the Android app, in Java. 

The development of this solution has 
contributions of physics teachers and will soon 
be tested with students in the classroom. 

Keywords. Arduino, Android, Physics Lab 
Activities. 
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Abstract. The paper defines the dynamics of 
science clubs as robust platforms for 
communicating science and technology aligned 
with several local level considerations.This is in 
the context of the fact that people need to 
understand the pervasive nature of science and 
technology today more than ever before, as 
these two aspects influence all aspects of life. 
In all democratic forms of government an 
increasing number of people are involved in 
decision making at the local and the national 
level. Such scientific and technological issues 
as nuclear energy, global warming and climate 
change, preservation and conservation of 
biodiversity, genetically modified crops, etc., 
dominate the development mosaic and need to 
be debated before national policies are 
formulated. To generate meaningful and 
effective debate, the public needs to be well 
informed and updated on information so that 
informed decisions can be made. The debate 
should not remain confined among elite groups 
but emerge with the direct involvement of 
people from all walks of life. A robust 
decentralised approach to enhance public 
understanding of science and technology is 
therefore essential. 

Currently, several approaches and media 
are tried with equal emphasis in developed and 
developing country contexts. Every form has its 
own significance, utility and limitations as well. 
Such institution as science museums, science 
cities, satellite and cable TV and radio, 
specialised agencies for S&T communication, 
and both government and non-governmental 
organisation play their role quite effectively in 
taking science to people.These approaches are 
however capital intensive and are based on the 
the deficit model of S&T communication. 

For example, India’s manifold diversity 
including cultural, social, religious, linguistic 
and regional is unparalleled in the world. 
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Importantly nearly 65 % of population are rural 
and a significant part of the population is not 
literate. The reach of mass media, except radio, 
is still limited. These ground realities present a 
formidable challenge to a science 
communicator. In such a scenario, any centrally 
planned strategy employing modern means of 
communications does not stand much chances 
of success. Any strategy to be effective should 
be “participatory and in the local language 
through the familiar channels of 
communication”. 

Across the world, a variety of science clubs 
and networks of science clubs are active. 
These clubs are supported by national 
governments and even such international 
bodies as the UNESCO. Some networks of 
science clubs have significantly long histories 
since beginning of nineteenth century. Some 
such networks of science clubs worth 
mentioning are from America, Canada, STEM 
clubs of UK, Federation of Young Farmers 
Clubs, VIPNET, and Eco-clubs in India. They 
have also supplemented formal science 
education under various circumstances. Their 
potential as decentralised centres of social 
transformation centred on S&T communication 
is concern is however yet to be explored. 

Over the past decade, Vigyan Prasar, an 
autonomous institution of the Department of 
Science & Technology body of Government of 
India, attempted to involve all existing and 
newly-formed science clubs to create a network 
of these entities namely the VIPNET (Vigyan 
Prasar Network of Science Clubs). Initially the 
network members were motivated to take up 
scientific activities to help fulfil the goal of 
achieving a scientifically oriented and 
empowered society in the country. Presently 
about 12,000 clubs are involved from all States 
across the country. Members of the network 
have been involved in some of the major 
campaigns built around celestial event like 
solar eclipses, biodiversity, water, etc., that has 
proved the role the clubs can play in taking 
science to the people. These involvedebates, 
surveys and demonstrations, performing 
experiments, and answering the queries of 
citizens at the local level. Over the years 
VIPNET club activities have been transformed 
essentially into people-oriented activities. They 
are not confined to formal classroom or 
laboratory experiments, nor do they provide 
any bookish or theoretical knowledge; rather 

they invite and involve people to see, do and 
learn things by themselves and find out the 
truth. Science club activities have accordingly 
established a strong link between science and 
the community. 

A decade of experience with science clubs 
and societies, including analyses of reasons for 
their survival or otherwise has shown that the 
members and functionaries of the clubs 
sometimes find it extremely difficult, after a 
couple of years, to sustain the zeal and 
excitement with which the clubs were formed. 
Either they lack new ideas or activities, or fall 
short of active members or minimum funds to 
carry on with anything meaningful and 
educative. A series of meetings and 
brainstorming sessions with clubs and 
stakeholders have resulted in the formulation of 
a road map for the science clubs movement. 

The present paper highlights the basic 
philosophy, current status, and developments 
as a result of the literature survey, consultation 
meets and focus group intereactions in recent 
past to sustain the zeal and excitement among 
the clubs so that they continue to act as centre 
of social transformation by creating much 
needed scientific outlook. These will be useful 
for initiatives in comparable circumstances to 
mainstream synergies across institutions and 
beneficiaries of science and technology 
communication interventions. 

Keywords. Science Clubs, Science 
Popularisation Science Communication, 
VIPNET, Eco Clubs, Classical Club, Radical 
Club, Hybrid Club. 
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One nanometer (nm) is one billionth, or 10-9 
of a meter. Materials reduced to the nano scale 
can suddenly show very different properties 
compared to what they exhibit on a 
macroscale, thus enabling unique applications. 
For instance, opaque substances become 
transparent (copper); inert materials become 
catalysts (platinum); stable materials turn 
combustible (aluminum); solids turn into liquids 
at room temperature (gold); insulators become 
conductors (silicon). Materials such as gold 
which is chemically inert at normal scales, can 
serve as a potent chemical catalyst at 
nanoscale. Nanotechnology matters because 
familiar materials begin to develop odd 
properties when they are of nano size. Tear a 
piece of aluminum into tiny strips and it will still 
behave like aluminum. But keep chopping them 
smaller and at some point that is 20-30 
nanometer, this nonaluminium can explode and 
thus scientist are trying to use Nano aluminium 
as rocket fuel. 

Nanotechnology could prove to be a 
"transformative" technology comparable in its 
impact to the steam engine in the 18th century, 
electricity in the 20th century, and the Internet 
in contemporary society. Nanotechnology is a 
field of applied science and technology 
covering a broad range of topics. The main 
unifying theme is the control of matter on a 
scale below 100 nanometers, as well as the 
fabrication of devices on this same length 
scale. Richard Feynman described the concept 
of 'building machines" atom by atom in his talk 
titled "There is plenty of room at the bottom". 
Top 10 use of nanotechnology include energy, 
water treatment, diagnosis of diseases, drug 
delivery, air pollution, construction material, 
health monitoring, pest control, agriculture and 
food processing. Microscopes have offered 
scientists a window inside cells. Yet, what 
scientists have not been able to do is to answer 
questions such as, "How many cells are 
involved in cancer?" "How big is the cancer?" 

and "How fast a drug can be delivered at the 
exact place”. The availability of innovative, 
body-friendly nanotools will help scientists how 
to build synthetic biological devices, such as 
miniature, implantable pumps for drug delivery 
or tiny sensors to scan presence of infectious 
agents or metabolic imbalances that could spell 
trouble for the body. In the treatment of brain 
tumour, laser guided smart bombs are used. 
Researcher at University of Michigan 
announced the testing of a drug delivery 
system that involves drug-toting nano particles 
and a guided peptide called F3. PHOTOFRIN a 
pharmaceutical which is photodynamic that 
means it can be activated by laser after it has 
entered in the blood stream to target cancerous 
cells of esophagus, bladder, skin and brain. 

What is most important today is that people 
are not aware of the promises nanotechnology 
holds for the future especially for a country like 
India and other developing countries. This 
Scientoon based audiovisual technique is more 
useful when a scientific program is undertaken 
to make people understand and learn and thus 
create interest in that area for higher 
education/mass awareness. This paper is an 
attempt to show that how complex subjects of 
science can be presented and effectively 
explained using scientoons so that the science 
communication/education/research in these 
areas can be made more informative, effective, 
interesting and useful. Author who has started 
a novel concept of science communication 
called scientoon (a new class of cartoons 
based on science) and subsequently a new 
science called Scientoonics, will use this 
science to create awareness about 
Nanotechnology as what enormous future 
nanotechnology holds for us. 
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Abstract. The goal of this paper is to describe 
a teaching and learning experience applied to a 
group of high school students, in the College 
Pedro II - Rio de Janeiro - Brazil, where the 
educational software "Modellus" was employed 
for making a simulation of the principle of 
operating of a battery using the process of 
redox between iron (Fe2 +) and copper (Cu2 +) 
in acid (citric acid). 

Currently,in the technological age, one can 
observe a context that includes: technological 
innovations together with several lines of 
research, whose goals are to improve and 
develop educational software. These 
technologies are responsible for implementing 
shifts in the educational system, in order that 
teachers will explore the most of available 
technological resources for teaching, therefore 
these practices together with Technologies 
Innovation and Communication (ICT) 
moderns,they use virtually unrestricted and 
immediate access to the most diverse forms of 
information and knowledge through the 
internet, as a way to arouse the interest of 
students and possibly motivation. 

Once enlightened the importance and 
benefits of the use of educational software, 
both for the students and teachers, one can 
start exploring the theoretical part necessary for 
the creation of this modeling. Battery Operating 
principle - chemical generator: part of redox 
reactions, where there is a reagent that tends 
to donate electrons (oxidation) and one reagent 
with a tendency to receive these electrons 
(reduction), phenomena occurring 
simultaneously, creating a flow of electrons. 
This battery is constituted by an iron plate 
connected by a wire to a copper plate, both 
immersed in lemon juice containing citric acid, 
which is responsible for releasing H + ions, 
allowing formation of a conductive solution of a 

blank for another, creating a potential 
difference which generates the passage of 
electrons recorded by a voltmeter coupled 
plates. 

Now that students understand the workings 
of this type of battery is possible to create 
computational modeling - a process that can be 
done by the students, aided by teachers. Is 
used Modellus educational software, in which 
the equations, variables, and parameters are 
inserted, which serve both to describe the 
phenomenon as well as to create the required 
animations for the understanding described. 
Ready the modeling, students will have 
complete freedom to change some parameters 
and "real-time" perform qualitative and 
quantitative analysis in the system. 

Thus the students had a theoretical and 
solid learning on the subject, they learned 
applications of electrochemistry and above all - 
they could observe and compare the results. By 
this deeper study, both the equations and the 
data obtained, the students could strengthen 
the correlations between several natural 
phenomena involved in modeling, favoring 
dialogism, cognition and benefiting them in the 
process of teaching and learning. 

Keywords. educational software, redox 
reactions, battery, computational modeling, 
Modellus. 
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Abstract. In the last two decades science has 
delivered dramatic results relevant to health, 
survival and lifestyle. In many cases the pace 
of scientific change has accelerated beyond 
what the public can keep up with, fully 
understand and accept. Many people find 
scientific ideas difficult to apprehend - or simply 
do not see why they are important and how 
great their impacts are. For this reason, science 
communication is becoming an increasingly 
bigger and important area. 

Experiment@Ciência is a science 
outreaching project designed and implemented 
by maths and biology professors/ researchers 
of the School of Sciences (ECUM) of the 
Universidade do Minho, Braga, Portugal. This 
project has as main goal the development of 
different scientific and experimental 
interdisciplinary activities for public of different 
ages, trying to make science part of everyday 
life, bridging the gap between science and 
society and making science accessible and 
exciting to young people and non-scientists. 
This communication is devoted to “Ciência p´ra 
que te quero”, one of the intervention fields of 
the Experiment@Ciência project, which 
consists of a set of experimental lab hands-on 
activities designed for children between 6 and 
10 years old. These activities are planned and 
implemented in a partnership with a group 
association of undergraduate students enrolled 
in the degree of Applied Biology (AB) at 
Universidade do Minho – the "Núcleo de 
Estudantes de Biologia Aplicada da 
Universidade do Minho" (NEBAUM) and the 
library “Biblioteca Lúcio Craveiro da Silva" 
(BLCS), in Braga. 

The mission of “Biblioteca Lúcio Craveiro da 
Silva" is to promote books, reading, facilitating 

the access to information and knowledge to the 
surrounding community. BLCS encourages 
sharing of information and knowledge through 
cultural actions, promoting citizenship. The 
Library is committed with the development of 
actions that enhance information and scientific 
literacies, since it considers that learning 
science informally, concurrently researching 
information in books and on the Web are 
mandatory basic skills for all the citizens of 
today´s world. 

NEBAUM, the biology students´ association 
of Universidade do Minho, who accepted the 
invitation of Experiment@Ciência to collaborate 
in “Ciência p´ra que te quero” as science 
communicating agents has, among others the 
goal of "promoting and collaborating in cultural 
and recreational actions related to the 
academic life." Strategically, NEBAUM 
develops experimental activities for younger 
audiences, in order to present the degree in 
Applied Biology. 

Every 3rd Saturday mornings of each month, 
a different activity is organized at BLCS, 
allowing children to be in contact with different 
scientific interdisciplinary hands-on activities, 
and let them try to be scientists for two hours. 
The undergraduate students from NEBAUM 
have a special job as monitors supervising 
each of the different tasks that take place 
during the activity. At this moment, five 
activities were carried out about different 
subjects - (1) heart, (2) water, (3) green world, 
(4) growth of living beings and a (5) safe 
summer – but four more activities are already 
scheduled until the end of the year. Several 
questions were tried to be answered during 
such activities that include different lab tasks: 

(1) Beat beat heart - Do you want to learn more 
about your heart? And to know why and how 
this muscle beats? And learn how to build a 
graphic in a special paper, showing the 
rhythm of your heart when you're quiet or 
running? 

(2) H2O: water for life - Do you know in how 
many states can you find it on Earth? And 
how much water is available for life? How 
much water is there in your body? And how 
many liters do you waste daily? Have you 
heard about the water footprint? Do you 
want to learn how to calculate yours? 

(3) Green: mandatory to respect - Where does 
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the green of the plants come from? And why 
they change their colour? Do they breathe 
and have "noses"? And ... do you know what 
fractals are? Do you want to find them in 
nature? Do you want to make one? 

(4) Growth and multiply - Your body grows and 
so do other animals and plants. What means 
“growing”? Only living things grow? And our 
body grows respecting proportions? Would 
you want to measure and verify them? 
Some cells die and others born. Do they 
multiply? How long does a cell take to 
double? Is this double time the same in 
microbes, plants and animals? How trees 
and bushes arise? How do fruits arise from 
flowers? 

(5) Summer (with)science - Summer has 
arrived!... Have you already observed that 
your sweat is more abundant and frequent? 
Do you know why? Is it helpful to your body? 
It´s beach time. Do you know how should 
you protect yourself? Do you want to design 
a beach towel with regular polygons? 

The choice of the suggested tasks and 
activities was based on a set of criteria 
including the inclusion (or not!) of the themes in 
the 1st level of school national curricula, as well 
as the possibility that such subjects could be 
addressed with varying degrees of depth, 
depending on the grade and level of cognitive 
development of children. 

To evaluate the project two kinds of surveys 
were taken in each activity: (a) for the children 
(b) and for the AB-monitors. Results obtained 
show not only the greater involvement of AB-
monitors and children but also, and perhaps the 
main result, that the hands-on science learning 
activities can enhance children' s learning 
effectiveness in scientific thinking and attitudes 
and promote science education and scientific 
literacy. 

The present work will present the project 
“Ciência p´ra que te quero", the different 
activities promoted and some of the results of 
its implementation. With these activities we 
want to make science more attractive to young 
people and to increase society's appetite for 
scientific information and innovation, 
simultaneously gathering ideas to implement 
further research and innovation activities. At the 
same time, this kind of activities aim to answer 
some of the societal challenges tackled by 

Horizon 2020, building capacities and 
developing innovative ways of connecting 
science to society and vice versa. 

Keywords. Biology, Hands-on, Mathematics, 
Scientific literacy, Science communication. 
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Abstract. The World Water Day, promoted by 
the UN, is celebrated annually on 22nd of 
March. The date aims to draw the world 
attention to the urgent need to preserve and 
save water, a valuable and increasingly scarce 
natural resource. In 2014, on behalf of the 
motto "Water and Energy ", the STOL project 
has considered important to reflect on water 
uses and to raise awareness towards a more 
rational use of this finite resource. With this 
goal, 17 illustrative artworks of a certain object 
and the correspondent Water Footprint (WF), 
translated in sets of bottles symbolizing the 
corresponding water volume, were strategically 
placed in several locations at Campus de 
Gualtar, Universidade do Minho (UMinho) and 
in Library Lúcio Craveiro da Silva (BLCS) in 
Braga. 

The WF is an indicator of the direct and 
indirect use of fresh water by a consumer or a 
producer. The WF of an individual or an object 
is thus defined as the total volume of fresh 
water needed to produce goods and services 
consumed by the individual, or to produce the 
referred object. The value is usually high and 
causes some amazement and disbelief among 
non-specialized public. 

The STOL initiative, included in the UN 
official website, was exhibited during eight days 
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and intended to sensitize the academic 
community and the BLCS customers for their 
involvement in reducing the WF of goods, and 
for a commitment to more sustainable water 
consumption. The artworks were designed 
taking into account the space where were 
placed, normally of great human turnout. Thus, 
a pair of sneakers and a training suit were hung 
in the Sports Pavilion, pictures of foods in the 
canteen; paper sheets and traditional recycled 
paper and mobile phones were placed at the 
General Library and BLCS; cups of coffee or 
chocolate boxes were suspended together near 
the Bars and computer keyboards appeared at 
computer centres/labs. 

This action, initially thought to be conducted 
at a few places at UMinho, was immediately 
extended to other areas upon request of 
several services and units of the institution. 
Despite the difficulties in assessing the 
initiative, we can try to express its impact by 
estimating the number of individuals who have 
passed in such places, and by the instant 
success of the initiative and its echoes, which 
jumped the university walls and reached the 
regional press. Since then, several higher 
schools of the region are requesting the 
materials to reproduce the initiative in loco, to 
celebrate a multitude of events. In the present 
communication, a critical analysis of the 
initiative and its impacts will be performed. 

Keywords. Water, Water Footprint, 
sustainable use, public awareness. 
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Abstract. Science is the engine of society’s 
development and the promotion of scientific 
literacy is very important not only to engage 
new generations in the world of science but 
also to make scientific concepts more clear, 
accessible and appealing to non-expert 
citizens. Science education should start as 
early as possible, awakening children to critical 
observation of the surrounded environment and 
the scientific thought. The most effective and 
successful way seems to be through 
experimental activities, which in turn should be 
provided as soon as possible. 

To encourage a closer connection between 
science contents and children and youth, 
helping them blooming to science, the 
Experiment@Ciência project designed and 
implemented several scientific and 
interdisciplinary hands-on activities. 
“Experiment@Ciência”, which involves three 
teachers from the Departments of Biology and 
Mathematics of the Sciences School of 
University of Minho, invited the “Núcleo de 
Estudantes de Biologia Aplicada da 
Universidade do Minho” (NEBAUM) to be their 
partners in several initiatives related with the 
communication of science to young people, 
challenging the students enrolled in the degree 
of Applied Biology (AB) at Universidade do 
Minho to be science communication agents in 
such activities. From this partnership several 
activities have been promoted for different 
publics. For instance, the “BA-LAB-DAY”, a 
laboratory session to high school students and 
“Ciência p’ra que te quero”, a set of 
experimental lab hands-on activities designed 
for children between 6 and 10 years old. 

The development of teaching and learning 
strategies is a permanent challenge, especially 
if you are someone without any knowledge in 
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pedagogic issues and if you are still an 
undergraduate biology student. However, this 
fact did not make NEBAUM to give up this 
challenge, which was instead taken with 
enthusiasm and passion, with several 
NEBAUM students engaging actively with 
Experiment@Ciência in such outreach projects. 

“BA-LAB DAY” had the purpose to provide 
high school students with the opportunity to 
experience the university’s atmosphere, as well 
as the kind of work performed at a molecular 
biology research laboratory, enabling students 
to try and perform a set of experimental 
techniques of the field. 

The ‘Ciência p´ra que te quero’ initiative’s 
aim is to get children of a young age (6-10 
years old) excited about science. This 
multidisciplinary initiative approaches matters 
of biology, mathematics, chemistry and even 
sociology and some others less represented 
sciences/subjects. The initiative is composed 
by nine sessions, running from February to 
December 2015, with each one having a 
different theme, but all with a similar structure. 
Firstly, a small introduction on the theme is 
made. Then children are divided in smaller 
groups of similar age in order to allow a more 
close interaction. At each station children are 
normally presented with a more interactive 
activity or an experiment where specific 
properties or details of the studied subject are 
explained and/or discussed. Once all the 
groups experienced all the activities, they were 
challenged with a small quiz about what they 
had learnt and a questionnaire related with the 
activities, trying to assess which they liked most 
and the reasons behind such preferences. 

The present communication intends to 
present the activities in which 
Experiment@Ciência and NEBAUM worked as 
a team, testifying the challenges, the difficulties 
and the successes lived at NEBAUM during 
this collaboration. 

Keywords.: Hands-on activities, multi 
disciplinarity students´ projects, Science 
communication, Science teaching. 
 

 

 

Ionic Liquids Research and High 
School Students - In the Know and 

on the Go 

I Boal-Palheiros, AF Cláudio,  
M Freire, J Coutinho 

University of Aveiro, Portugal 
isabel.boal@ua.pt 

Abstract. In Portugal, and for some decades, 
enrolling in a degree in Biosciences and 
particularly in Medicine has been the target of 
the best secondary school students when they 
finish their high school studies. It is not frequent 
for the very best students to be interested in 
Sciences or Engineering in spite of the 
favorable employability rate of the latter, and 
efforts should be done to invert this tendency. 

The University of Aveiro is a young (40 
years) public university geographically located 
between two Portuguese old universities at 
Porto and Coimbra. The students that enrol in 
University of Aveiro originate near equally from 
Aveiro district (48 %), and from outside 
districts. In spite of being close to strong 
competitors, the university has been able to 
attract students from the rest of the country. 
The Department of Chemistry offers four 
degrees: Biochemistry, Biotechnology 
Chemistry, Chemical Engineering, and 
Chemistry. Except for the latter, the ratio 
candidates/vacancies is >1 and reaches 2.1 for 
Biotechnology, which is better than the national 
average. A most important strength of the 
Department of Chemistry is the high national 
and international quality and reputation of their 
research which can certainly captivate 
students. To highlight research in the field of 
Chemistry and motivate high school students to 
study science, they should be made aware and 
familiar with the activities in the research labs 
of our department. A good way to do that is to 
join the staff in their work and gather a close 
picture of how and why research is done. At the 
same time they may have the feedback of the 
staff on their degrees scope and potentialities. 

The Portuguese national agency for 
scientific and technologic culture, Ciencia Viva 
[1], promotes initiatives and programs that aim 
at motivating students for science and 
technology. One of the most adequate 
programs for our purpose is OCJF [2], a 
program that is meant for students to actually 
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do science, mainly experimental science, within 
a research group for 1-2 weeks during their 
holidays. 

In this study, we report the results of the two 
editions of this program that have occurred up 
to now. In both editions, the 11th and 12th 
grades students were integrated in one of the 
best research groups in the Department, PATh. 
This is a group of young, very dynamic and 
enthusiast researchers that produce world 
class research in the field of applied 
thermodynamics, and tops investigation in the 
recent field of ionic liquids. The theme is highly 
motivating due to the diversity of purposes and 
cutting edge technological and industrial 
applications it embodies, being, at the same 
time, amenable to be grasped by high school 
students. For one week, the students were 
given the opportunity to actually perform many 
of the real experiments, after a little training. 
Moreover, they could talk to the researchers 
about several aspects of both the research and 
their degrees in informal environment. The 
results of the program as well as the students’ 
testimonies will be presented and analyzed. 

Keywords. hands-on learning, high school 
students, ionic liquids, laboratory work, 
research practice, summer school. 
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Abstract. Augmented reality (AR) is an 
environment that includes both virtual reality 
and real-world elements. By using 
technological mobile devices such as 
smartphone, tablet or smart glasses, we can 
see the real world, as well as computer-
generated images projected on top of that 
world. 

A good analogy to better understand an AR 
environment is to imagine living in the magical 
world of Harry Potter, where the school 
hallways are lined with paintings that are alive 
and interactive. As in the movies, AR allows us 
to stablish an interaction between virtual 
objects and the real world. 

An augmented reality environment would 
include elements of the real world and the 
virtual world at the same time, and would be 
interactive in real time. The virtual objects could 
be either manipulated or stationary. 

The use of AR is not a new concept. Azuma 
[1] points to at least six classes of potential AR 
applications that have been explored: medical 
visualization, maintenance and repair, 
annotation, robot path planning, entertainment, 
and military aircraft navigation and targeting. 
According to this author, one of the 
contributions of AR´s use is that the virtual 
objects display information that the user cannot 
directly detect with his own senses and the 
information conveyed by the virtual objects 
helps the user to perform real-world tasks. 

In the latter years, AR applications have 
become portable and available on laptops and 
mobile devices, and although much of the AR 
development is being done for marketing, 
amusement and social purposes, its use in 
education is emerging. The Horizon Reports, 
joint reports by The New Media Consortium 
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and Educause, predict that the use of simple 
augmented reality in education will be 
widespread within two to three years [2, 3]. 

In this exhibition we find many educational 
proposals to chemistry, physics, mathematics, 
biology and others. With free AR applications 
such as: Aurasma, Daqri, Mirage, Mathilde and 
Re+Public and by using mobile devices, users 
can interact with virtual elements related with 
different educational fields. 

With “Elements 4D” application students 
can identify, spell, and list the properties of the 
thirty six elements from the Periodic Table 
using the Elements 4D blocks. 

 

Figure1. Elements 4D 

“Anatomy 4D” puts every detail of the most 
complex human body systems into a free app 
that is easy to use, accessible, and truly 
engaging. Learners explore bodily systems in 
depth through DAQRI’s 4D experience, which 
provides the opportunity to understand their 
interrelationships spatially – a learning 
experience previously only accessible in a 
gross anatomy lab. 

 

Figure 2. Anatomy 4D 

“Mirage” is a set of applications for mobile 
devices intended to be used in the classroom. 
These applications are related with different 
curriculum contents and are supported by 
lesson plans to be used by teachers. With the 
same paper markers, users can observe and 
interact with virtual objects (geometric solids, 
molecules, planets, satellites, etc.) from all 

angles. 

Figure 3. Mirage applications 

This exhibition is carried on a BYOD (Bring 
Your Own Device) basis: users need to carry 
their personal mobile devices (smartphones or 
tablets) to upload the applications and interact 
with virtual objects. 

Keywords. Augmented Reality, Learning, 
Technology. 
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Abstract. Nuclear power is globally accepted 
as a clean, low-carbon source of electricity in a 
safe, sustainable and cost-effective way. To 
communicate the undeniable merits of nuclear 
power to various sections of the society, we 
have been carrying out a gamut of public 
outreach activities over a period of time, 
conveying the facts on nuclear power in a 
simple and transparent manner. To widen the 
reach of these activities even further, NPCIL 
has scaled up its public outreach program 
manifold in a structured manner through a 
multi-pronged approach. The gist of these 
activities is to address the generally prevalent 
apprehensions about nuclear power and to 
allay the same that were aroused post-
Fukushima. As part of this initiative, several 
innovative public awareness programs have 
been conceived and implemented for 
communities around the Indian nuclear power 
plant sites as well as at several other locations 
across the nation. There have been informative 
programs conducted at the grass-root level, 
involving local populations; scientific meets-
cum-workshops for press and media personnel 
have been conceptualized and organized at 
different locations across the country; there 
have also been scientific meets for medical 
professionals; special educational tours to 
nuclear power plants for students and teachers 
have been organized; representatives of local 
communities as well as decision makers have 
visited nuclear power plants, and informative 
messages has been shared through popular 
public media like print, television, radio and 
film, to name just a few of the initiatives. 
Outlined is a summary of these initiatives that 
will go a long way towards fostering a greater 
understanding of nuclear power on the part of 
the public and its more realistic appraisal by 
decision makers as a definitive option for today 
and tomorrow. 

 

Overview 

Multi-faceted public outreach program of 
NPCIL has been reengineered, adopting 
several refreshingly innovative means of 
communication in the spirit of openness and 
transparency. NPCIL has evolved an action 
plan with clear set of objectives, actions and 
timelines. A review and monitoring mechanism 
has been established and monthly reports are 
being issued to Department of Atomic Energy 
(DAE), Govt. of India. A dedicated team across 
NPCIL has been trained and deployed for 
partaking in the public outreach activities. In 
addition, NPCIL has partnered with many 
professional organizations for supplementing its 
outreach program and extending its reach even 
further. 

Methodology Adopted 

In innovative mix of approaches has been 
adopted to maximize the impact of the public 
awareness campaigns. The use of TV 
commercials, advertisements, digital cinema, 
radio jingles, single-sheet print publications, 
comic books, etc. in vernacular languages, 
enhanced interaction with press and media, e-
public awareness campaigns, rallies in support 
of nuclear power are a few, among many, 
modules that were adopted and gainfully 
utilized in various regions, across the country 
where nuclear power plants are located, 
particularly at green field / new launched sites. 

Birth of Comic and Cartoon Character 
“Budhiya” 

In March 2011, a twin natural disaster 
comprising a massive earthquake and the 
accompanying tsunami of catastrophic scale hit 
the eastern shores of Japan, inundating 
Fukushima Daiichi nuclear power plant. All 
resulting fatalities there were due to the 
earthquake and tsunami and none due to 
radiation exposure. Yet, unfortunately, the 
general public and even the media largely 
misinterpreted the disaster. To allay the 
apprehensions and to dispel the prevailing 
misconceptions, an innovative set of sequel-
based comic books and animated films were 
created in 7 languages by the author. For this, 
special sketched characters of “Budhiya,” 
representing a common man, and his other 
village friends, were developed. During the 
making of animation film, various characters 
were evolved based on the living of village 
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people to establish connectivity. Concept, story 
and screen play was developed by me and 
accordingly with the help of professional 
agency and required software, the animated 
film with 3 sequels were developed and 
screened at mass level at various platforms. 
Later on it was converted into many vernacular 
languages also. This approach was impacting, 
innovative as well as cost-effective because 
there was no need to hire human actors and 
also no costly shooting schedules were 
involved. The series has been widely 
appreciated for its engaging and interesting 
approach as well as wider mass appeal. Later 
on to popularize it on larger scale it was 
converted into the comics also which was 
basically a print screen of the animated film. 
Later on it was designed, laid out copy edited 
and published in many languages and widely 
distributed across all the corners of the country. 

Efficacy 

As an outcome of these innovative hands on 
science approach, greater acceptability was 
noticed amongst the common people towards 
nuclear energy and all their myths and 
apprehensions were dispelled up gradually to 
the larger extent and they became ready to be 
a part of the success story. The objective to 
make them aware about the various aspects of 
nuclear energy was almost achieved efficiently 
and successfully. 
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Abstract. Modern education assumes 
significantly expand cooperation of universities 
with leading scientific centers for the training of 
highly qualified specialists. This report focuses 
on the MEhI and JINR joint project for the 

STAR experiment at RHIC (Brookhaven 
National Laboratory). 

The STAR experiment is one of the leading 
international collaboration in the field of modern 
nuclear physics. Many exiting discoveries, 
including new state of matter “Perfect liquid”, 
observation of antimatter helium-4 nucleus and 
strange antimatter, there were done. 

STAR is composed of 56 institutions and 
universities from 11 countries, with a total of 
557 collaborators. Students of these 
universities are actively involved in all stages of 
the experiment, and use the results of this work 
in the preparation of master's and PhD theses. 

The goal of this project is to attract new 
students to this exciting research and the 
inclusion of the results of the STAR experiment 
in the educational process. 

Using educational materials from our web 
resource, students and teachers could get 
much interesting information about various 
modern experiments, facilities and international 
collaborations. 

 

There are following subsections: General 
information about STAR; Scientific Highlights; 
STAR detectors subsystems (General Info, 
Technical info, Operating principle, Photos); 
Instruments and methods for data analysis; 
Trigger system; Control Room; Virtual labs 
based on real experimental data; Online STAR 
data structure; Contact Information for 
Students. Most articles are visualized with 
interactive animations and 3D models that 
aimed at enhancing student’s understanding of 
educational material and engagement in the 
process of science. 

Currently a lab used experimental data on 
the gold-gold collisions at different energies 
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from 7.7 to 200 GeV to study production of 
antiprotons at RHIC collider is realised. As 
instrument for the complex study of events it is 
developed the module to visualize events using 
interactive 3-D graphics. 

 

Furthermore it provides students from 
various universities of new educational 
resources appropriated to their level of 
education; allow to create community of 
students from different countries and 
universities interested in working on this area of 
science, will form a community of learners and 
teachers. 
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Abstract. To use knowledge or concepts 
arriving from different areas of a discipline 
and/or distinct ones, to link and to transform 
them in a useful, productive and creative way 
is, for various reasons, a task of difficult 
accomplishment. A very strong tendency to 
isolate and "compartmentalize" knowledge / 
concepts is known in all degrees of teaching, 
whenever students or even teachers are 
involved. A wider spread of concepts is 
desirable in a today´s open world, which each 
time is more and more demanding in what 
concerns expertizing, flexibility and 
employment. 

The "word clouds" are graphical tools often 
used in advertising techniques [1-4]. The words 
(keywords) used in their construction if properly 
selected can highlight, identify and/or separate 
relevant concepts [5]. It is also possible to 
superimpose concepts from different 
provenances or branches of a particular 
"science itself" or of "related sciences", allowing 
to link them so that these word clouds can 
simultaneously result in study promoters, in 
study materials and, above all, in a motivating 
and efficient tool to help learning. 

In the here presented case of study, the aim 
is to improve “inter-communication” of basic 
practical knowledge and its underlying 
theoretical support by using "word clouds" 
constructed with the keywords extracted from 
the contents of the Laboratory Guide Book (Lab 
Q1), acquired by the study made at home, 
before doing the experiment, and the after 
performing it during the class and writing the 
respective report [6]. 

In this particular case both “bunch” of key-
words have been transformed in a word cloud 
and compared. Another type of “data treatment” 
has been done comparing the world clouds 
obtained from two distinct groups of students: 
Biochemistry students, very focused in the 
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contents and with a much better previous 
preparation in chemistry from the Secondary 
School and “Sea Sciences” students, who show 
a much lower previous preparation in chemistry 
and more disperse science interests. 

 

The size of the sample (ca 80 students) is 
suitable for a future statistical significant 
treatment, although it is felt that we need data 
refinement. So far, the receptivity, the 
collaboration and the interest shown by 
students in participating in the selection of 
keywords to make possible this type of 
experiment is quite encouraging. It is intended 
to enlarge the scope of this study selecting 
specific parameters in order to find 
relationships among them and plausible 
explanations for some type of results. 

Keywords. Bridging theory and practice; 
brightening our future; learning with keywords; 
modern chemistry in today´s world; motivation 
tool; word clouds. 
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Aim 

Technology is defined as the process of 
transforming the datas of basic and applied 
sciences to production, using and analysing the 
social impacts of them in an innovative way. 
This approach highlights the reality that 
technology takes place in every kind of social 
activity as a process. Technology is a 
combination formed by science,art,engineering, 
economy and social work to increase the 
quality of life. It is an enterprise of doing any 
kind of thing better, faster, easier, more 
economical and more efficient. 

Design is form imagined in mind.The usage 
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of cognitive process stands out in this 
definition.High-level cognitive processes such 
as finding the differences,dreaming,imaginative 
thinking,critical thinking,questioning and 
reasoning have great importance in making 
design. 

Technology and design should be taken into 
consideration together as they are intended for 
product development and they directly affect 
the human life.Technology and desing are the 
notions that directly affect each other.The 
relationship between them is like the one 
between subject and object.The primary 
cognitive process in this relationship is 
creativity. 

Developing the relationship between 
technology and design can be possible through 
developing the creativity level of a person. 
Developing creativity requires not only being 
open to stimulants but also being aware of 
emotion,imagination, inner response and 
desires. 

The era in which our children live will be 
different from the one we live in. For this 
reason, the ability,knowledge and manner that 
our children acquire will definitely be different. 
The studies reveal that the main feature of the 
era of our children will not be copying the 
products of others.It is impossible to meet the 
demands of the people living in tomorrow's 
world through tedious works without 
questioning,evaluation and observation that are 
essential for technology and design,and 
through the approaches only developing 
handcraft. For this reason,children should 
acquire the ability of guessing before the need 
arises, picking out different problems and 
finding creative solutions for them, designing 
and finding out the production process of the 
design.In light of the foregoing, the programme 
of Technology and Design Lesson is aimed to 
meet the demands of the era of future 
generations. 

The content of the proramme is seen 
essential by the experts when the aims and 
vision are taken into consideration. No matter 
how the proramme is perfectly prepared, it 
depends on the qualification of the teacher and 
it will be invalid if it is not applied in educational 
context. The teachers as the main operators of 
the programme have important roles. The 
success of the Technology and Design 
Programme depends on to what extent it is 

applied. Studies display that teachers have not 
applied the programme as it should be. 

The attitudes towarsd the Technology and 
Design Proramme are both the element that 
affects the programme to reach its goal and the 
result on the output of the lesson. 

In order Technology and Design Programme 
to be applied successfully, teachers should 
develop positive manners and be willing. 
Starting from this, the studies should be done 
about teachers’ manners towards the 
programme being applied since 2006-2007 
academic year. 

This study aims to display the effectiveness 
of the Technology and Design Lesson 
Programme, views of teachers on the practice 
and to suggest some solutions about the 
problems pertaining to the lesson. 

Method 

This research is done through semi 
constructivist interview method which is 
predicated on qualitative research approach. 
Target population of the study is Technology 
and Design teachers working in the centrum of 
Adana in 2014-2015 academic year. From this 
population, samples are chosen through 
criterion sampling. According to this, 5 
Technology and Design teachers working in the 
centrum of Adana have made up the samples 
of the study. 

The comment results suggestions and 
findings pertaining to the study are not stated 
here since the study has not finished yet. 
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Abstract. In different countries the lack of 
interest and negative attitudes of students 
towards science and technology are today the 
main problem of Scientific Education in the XXI 
century [1]. The number of students of science 
and technology in universities in the world has 
declined significantly over the last 15 years. 
The reasons are varied but it is likely this trend 
is related to unfavorable attitudes developed in 
school science. 

A summary of extensive review of literature 
over the last 20 years about Latin America 
students attitudes towards learning science 
showed that students who choose to pursue a 
scientific career is 17 lower than Japan, 13 
lower than United States and 8 less than 
Europe. While in Latin America has increased 
the interest of social sciences in 1990-2008, 
probably associated with social status of 
professions, natural and exact sciences 
showed an opposite trend with a lower ranking 
(2.7%) from other six areas options [2]. 
According this study the first reason of lack of 
interest in scientific careers be related to the 
difficulty of scientific subjects and boredom in 
school science. Students perceived a mismatch 
of content to their expectations with limited 
opportunities of learning and far into real life. [3; 
4]. In this stage public education adds the 
uncertainty about the future have many 
students. In this context, a quarter of students 
public school don’t know if continue to study but 
nevertheless this indicators contrasts with ten 
percent in case of private schools student. 
Nevertheless, most Latin American countries 
the public education is strongly affected by low 
socioeconomic status of students play attention 
that eight out of ten students showed a positive 
attitude towards science and technology, they 
trust in their beneficial role and make it easier 
and more comfortable everyday life. The 
contradictions of the role of science school and 
student interests and perspectives about 

science and technology required more attention 
specially to recognized incidence of scientific-
technological knowledge in development at 
society of twenty-first century. 

Objective 

This study analyze student attitudes towards 
science and technology in primary and 
secondary public school. 

Methodology 

A mixed methodology was developed, but 
this study presents results and discussion of 
quantitative data. We applied the questionnaire 
Science Class [5] This instrument consists of 
18 statements into four analysis categories: I. 
“Ease of Learning”; II. “Appreciation of Science 
Subject”; III. “Educational Purpose” and IV. 
“Scientific-Technological Vocation. This study 
involved five public educational institutions of 
three zones of metropolitan region of Chile 
(Conchali, Quilicura, La Reina). The 
questionnaire was administered a total sample 
of 283 students: 162 of the last two levels of 
primary school (7th and 8th grade) and 121 
student of 1st and 2nd level of secondary 
school, with a similar distribution by gender 
(male: 50.5% female: 49.1%). 

Results 

The first results about to diverse criteria 
related of sociocultural context of students are 
exposed. Criteria such as educational level of 
parents showed that 39% of parents have 
completed secondary education, 32% have not 
completed their compulsory education (primary 
or secondary), 29% with technical studies and 
only 10% of parents have completed university 
studies. Regarding amount of science books or 
related at home trends are distributed equally 
between the options to 5 (32.9%), 5 to 10 
(31.8%) and 10 (31.8 %). About use of 
computer resources, 50% use the internet yet 
observed a low frequency of use to pc or tablet 
(71.4%). Also, promotion of the family to know, 
enjoy or motivated by science and or 
technology through activities like trips to 
museums of science and / or technology, trade, 
educational farms was barely made visible in 
this study. Results showed the most higher 
frequencies distributed in most lower options, 
"rarely" and "never" used with a 77%. Finally, 
22% of the student acknowledges support from 
their parents in relation to science as opposed 
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to 78% who recognizes not receive such 
support. Moreover, the assess of student 
attitudes toward science and Technology, 
results showed the most favorable trends in 
category IV, “Ground Scientific Technology”. 
The students selected two highest response 
options (much agree and agree) with a 49,2 %. 
This category emphasized ideas like” I would 
be a scientist”, “I would like to study so much 
science as possible” and “I would like to work in 
Technology”. In contrast the other three 
categories students mostly selected options “no 
agreement” and “little agreement”, category I 
“Ease of Learning” (57%), category II, 
“Appreciation for Science" (70%) and category 
III “Educational Purpose” (62%). All evidence 
support that primary and secondary school 
science it is poor in developing positive 
attitudes towards science and technology in 
students. Further we execute an ANOVA test 
about on three significant factors discussed 
above: “Educational Level of Students”, 
“Parents Support” and “Gender” and broadly 
this analysis reinforces the tendency. 

All the evidence indicate that socio-cultural 
context as well as the school has a weak 
impact on promoting interest in science and 
technology in the new generation of young 
Chileans. Clearly the family not played a central 
role but the school is not fulfilling a social role 
according with the challenger of nature of 
science and scientific inquiry. Chilean science 
teaching in primary and secondary school not 
appear to be a factor to improve the vision of 
science and technology or enhance the 
understanding of values role in personal and 
social life of students. Finally, public science 
teaching requires adaptation of the current 
curricula and to move towards the goals of 
current Scientific Literacy. 

Keywords. Public education, science 
teaching, science and technology, student 
attitudes. 
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Abstract. The UNESCO initiative for Active 
Learning in Optics and Photonics (ALOP) has 
been globally recognized as an effective means 
of introducing high school teachers and first-
year college instructors to a change of 
paradigm in science education. Active learning 
methodology goes beyond hands-on and 
inquiry-based learning methodologies by 
means of a “minds-on” approach that consists 
of a four-step methodology based on 
Prediction, Observation, Discussion, and 
Synthesis (PODS). This methodology has been 
pioneered by David Sokoloff and others at the 
University of Oregon. The ALOP challenges 
preconceptions of the students, and through a 
sequence of six modules builds up, using 
simple tools, the student’s understanding of the 
foundations of optics and of optical 
communication, including wavelength division 
multiplexing. The initiative is spreading in Latin 
America under UNESCO’s coordination and in 
collaboration with the Latin American and 
Caribbean Consortium of Engineering 
Institutions (LACCEI), which has obtained 
formal recognition by the International 
Gesellschaft für Ingenieurpädagogik (IGIP) of 
the ALOP Workshop as a valid course toward 
the IGIP’s International Engineering Educator 
Certification. Full implementation of the 
workshop requires the construction of a set of 
circuits for optical communication using visible 
light, conceived originally by Alex Mazzolini 
from the Swinburne University of Technology in 
Australia. The circuits include an optical 
telegraph, an analog laser transmission circuit, 
and a three-channel wavelength division 
multiplexing circuit. The initial design used 
parts easily acquired in Asia but not in Latin 
America, necessitating a redesign. The 
National University of Colombia has been an 
enthusiastic supporter of ALOP, not only 
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holding several workshops at the University 
campuses around the country but by 
redesigning the circuits. We present here the 
schemes and prototypes of the newly 
redesigned circuits. With the auspices of the 
Abdus Salam International Centre fort 
Theoretical Physics, the National University of 
Colombia is now developing all sets of circuits 
for 3-4 ALOP Workshops that will be held in 
2015 in Latin America as part of the UNESCO 
celebration of the International Year of Light 
2015. 

Keywords. active learning, optical fiber 
communications, wavelength division 
multiplexing. 
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Molecular Gastronomy. Pushing 
the Boundaries of Cooking 

through Science 
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Abstract. Molecular Gastronomy has 
emerged in the recent years as a new culinary 

style that incorporates technical, artistic and 
social components. This newly emerging trend 
is based on taking a scientific approach to 
cooking. Not only do chefs rely on chemistry, 
physics and biology to explore and understand 
the mechanisms of culinary transformations 
and processes, but they are also constantly 
developing novel methods and technologies 
that challenge and push the boundaries of 
traditional ideas about cooking. 

In this scientific performance, we aim to 
provide all visitors with a modern, multi-sensory 
culinary experience by demonstrating 
Molecular Gastronomy techniques that 
showcase a range of local Madeira Island 
products (e.g., Madeira Wine, Poncha, passion 
fruit, etc.). Forming the basis of the Molecular 
Gastronomy techniques to be presented is 
sodium alginate. This polysaccharide, which is 
extracted from brown seaweed (or algae) in the 
form of alginic acid, is considered to be both 
food and skin safe by the U. S. Food and Drug 
Administration [1]. As such, it is found in a wide 
range of industries including food, 
pharmaceuticals, cosmetics and dentistry, etc. 

In the food industry, sodium alginate is 
typically used as a natural texturing agent, an 
emulsifier, a gelling agent and a stabilizer in the 
preparation of food products such as ice cream, 
drinks and soups [2]. Moreover, it is considered 
a core ingredient in several Molecular 
Gastronomy techniques. One such technique is 
Spherification. This process, which is based on 
the ability of sodium alginate to form gels when 
used with calcium, is generally used to shape 
liquid into spheres [3]. Through demonstrations 
using this and other processes, all persons will 
have the opportunity to explore the science 
involved in the composition and transformation 
of certain food components to produce new and 
interesting dishes. Questions such as how and 
why certain ingredients work together will also 
be explored. It is hoped that through this 
unconventional modernist approach which 
involves the fusion of chemistry and cooking, a 
modern, multi-sensory culinary experience will 
be had by all. 

Keywords. Molecular gastronomy, scientific 
approach to cooking, sodium alginate. 
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Assessing the Impact of Medical 
Microbiology Classes Strategies 
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Medical Students: an Innovative 

Study 
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Abstract This study was developed between 
October 2014 and February 2015 and involved 
two Universities: University of Minho, students 
of the 2nd year of Environmental Sciences 
(control group; n=30) and University of Porto, 
Faculty of Medicine, students of the 3rd year of 
Medicine (test group; n=127). 

Promoting active learning is crucial to 
stimulate students. This study is based on the 
outcomes of an Educational study implemented 
with Portuguese Medical students of the 
Faculty of Medicine of Porto, Portugal, aiming 
to investigate the role of active learning 
strategies in short time retention. The 

effectiveness of this study was assessed via 
the application of a questionnaire (pre-test and 
post-test). The post-test were applied at the 
end of the semester (February). The research 
questions addressed in this study try to confirm 
the following hypotheses: a) The initial 
background of Medical Microbiology students in 
Medical Microbiology is acceptable; b) Students 
short-time retention is considerably higher than 
initial background. There are significant 
differences between the scores of the students 
in the experimental group and the students in 
the control group concerning the initial 
background and short-time retention. The 
results of this study indicated that the 
performance of the experimental groups was 
higher than the control groups due to strategies 
applied. 

 

Keywords Medical Microbiology, Medical 
students, active learning strategies, short time 
retention. 

 

The Perception of the Population 
that Captures Mussels and 

Barnacles in Easter on Measures 
of Ecosystem Conservation 
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Abstract. The perception of the population 
that captures mussels (Mytilus galloprovincialis) 
and barnacles (Pollicipes pollicipes) on Holy 
Friday on the campaign launched by the 
Cascais city council (“In Easter the one who 
pays is the mussel”) to prevent the depletion of 
the stocks and their opinion on the need of 
preservation of these two species and 
biodiversity in intertidal area. 

To evaluate it we went to the area where the 
campaign was launched and made a 
questionnaire to each family, in a total of 62 
surveys. 

This activity is mainly carried out by men 
between the ages of 30 and 60 years old. 62% 
of the collectors came from different areas of 
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the council, 30% came from neighbouring 
councils and the other 8 % from distant places. 

The results confirm that the capture is 
mainly done in Easter (82%). 

41% of the people inquired collect mussels, 
16% collect barnacles and 43% collect both 
species.  

The majority of the collectors knows the 
maximum weight allowed to capture mussels 
but doesn’t know it about barnacles and less 
than half of the people answered correctly 
about the minimum length of the mussel shell. 

94% stated that the capture is to private 
consumption. 

The perception of the people about the 
conservation of both species and biodiversity in 
intertidal is above 70%. 

As far as the campaign is concerned, 
people, in general, agree with it but their 
answers are not consensual in information 
given by local authorities in field: some said it is 
very good (40%) while others said that it is very 
bad (47%). About the reinforced surveillance 
done during this day by the Maritime and the 
City Council Police almost everybody said that 
it may end up with this tradition. 

Keywords. Mytilus galloprovincialis, Pollicipes 
pollicipes, mussel, barnacle, Holy Friday 
capture, conservation, biodiversity. 
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Abstract. The presence of predators in a 
habitat is considered a stabilizing force in the 
population of herbivores, contributing to the 
balance of the ecosystem. However, the 
predator’s overpopulation causes a drastic 
reduction of primary consumers, exceeding the 
capacity of the ecosystem and endangering the 
entire food chain. To solve that situation, 
density control actions are being implemented 
by man, for balance maintenance purposes or 
to prevent damages. Often, in the council of 
Azambuja, there are carried out these actions, 
by Hunting Associations to control the carnivore 
population in forest areas, in particular the 
egyption mongoose (Herpestes ichneumon) 
and the red fox (Vulpes vulpes), for their 
allegedly effect on the lagomorphs population 
decline.The objective of this study was to 
describe the capture process end-to-end: how 
the authorization is required, how is it done in 
the field, how the fiscalization is made and the 
results on the biodiversity. 

The methodology used was the record of the 
process, interview of the people responsible in 
field for this actions, and consultation with 
the national authorities involved. 

It was verified that the national services 
which controls these actions (National Institute 
for Nature Conservation and Forestry) and 
responsible for the evaluation of the licenses 
requests, issued these ones to a local hunting 
association, without any previous study of 
those two species population’s densities or 
maximum carrying capacity of the environment 
for them. There’s no effective supervision of the 
implementation of this action in the field. It was 
also clear that hunters use these actions, not to 
guarantee the ecosystem balance, but to 
eliminate predators in order to rise the 
lagomorph’s population for the hunting season. 
So a process that first established the 
ecosystem’s balance, can and may do exactly 
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the opposite. 

Keywords. Vulpes vulpes, Herpestes 
ichneumon, overpopulation control, ecosystem 
balance. 

 

Developing Environmental 
Awareness of High School 

Students: 3rd Enka Ecological 
Literacy Camp as an Example 

ER Şükrüye 
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Sakarya, Turkey 
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Abstract. Natural sources have been used by 
people because of growing demands. 
Unfortunately, irreversible mistakes have been 
made and natural balance has been broken. 
This is why, nature education is so crucial in 
developing environmental knowledge and 
environmental awareness for responsible 
environmental behaviours. As far as most of 
the researches are concerned, when the age 
decreases, students’ environmental attitude 
increases [1, 2]. So early age students’ 
knowledge, attitudes and responsible 
behaviours can be increased by outdoor 
activities (greenhouse activities, field trips etc.) 
[3]. 

In the project we carried out at Enka School 
in 2014-2015 academic year, it is aimed at 
educating young people in order to increase 
their understanding of ecological sensitivity and 
develop their positive behaviours towards 
nature. Since environmental education is an 
interdisciplinary study, biology and geography 
teachers at Enka School worked together within 
the frame of this project. Nineteen high school 
students from grade 9 to 11 participated to the 
project between24-26 April 2015. University 
collaboration was carried out successfully 
during the camp activities. 

Keywords. Ecological literacy, environmental 
education, nature education. 
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inGenious Project in my School 
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Abstract. During 2013-2014, I worked in the 
inGenious project, as a pilot school teacher. 
inGenious 

is the European Coordinating Body in 
Science, Technology, Engineering and Maths 
(STEM) education, one of the largest projects 
in science education undertaken in Europe, 
coordinated by European Schoolnet. This 
project had the main objective of increasing the 
links between science education and careers, 
throughout Europe. My students are from 15 to 
18 years old. In this paper I will present the 
activities I implemented with my pupils in the 
frame of inGenious. 
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Evaluation and Comparison of 
Robotic, Mechanic and 

Programming Skills among 9 to 14 
Years Old Children with and 

without Lego Education 
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Abstract. The subject of this paper is the 
research base on comparison of robotic, 
mechanic and programming skills between the 
children who were taken Lego education and 
were not taken Lego education in their early 
life, for the age groups differs from 9 to 14 
years old. 

Experimental works with children were done 
at Maltepe Menar Education Centre between 
the age groups from 9 to 14 years old. Firstly, 
they were taught Lego Mindstorm NXT which is 
the basic education tool to help children 
problem solving, collaboration, and critical 
thinking skills. Secondly, they were expected to 
analyze complex situations and to express 
better handicraft as well as better presentation 
ability. Then, results were collected to show the 
importance of Lego education. 

In this study, the approach applies the 
pedagogical methods that have been learned 
from the success of children and adult 
education, using electronic blocks or 
construction sets [1,2]. 

The total numbers of experimental works 
were 115 in order to obtain clear results. While 
evaluating results, survey of five likert scale 
was used. This developed model which was 
used to provide correct results, showed the 
importance of Lego education. The children 
who were taken Lego training indicated a lot 
better performance in many areas (like robotic, 
mechanical and programming skills) than 
others. 

Keywords. Robotic, Mechanical, 
Programming skills, Lego training, robotic 
education 
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Lessons Learned from the INSTEM 
Project 
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Abstract. The Center for Science Education 
and Training – CSET (http://education.inflpr.ro/) 
at the National Institute for Laser, Plasma and 
Radiation Physics in Bucharest is member of 
the European Comenius network INSTEM 
(http://instem.tibs.at/) formed by 14 institutions 
aiming to promote inquiry based teaching, to 
gather innovative teaching methods and to 
raise students' interest in science as well as 
offering them careers information in STEM 
subjects, in order to respond to global 
challenges in teaching and gender imbalances 
in STEM education. The present paper 
presents the activities and the results obtained 
by the CSET team participating to the INSTEM 
project. 

As per the project planned activities, we run 
several national workshops aiming to promote 
the project, to advertise its objectives and tasks 
and to analyse at national level the impact of 
European projects on inquiry-based science 
teaching and the way these projects results are 
disseminated. This analyse will assist the 
international team to design better 
dissemination policies at European level. 

A second major task of our team was to 
provide a case study related to our participation 
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to a major European project on IBSE. Within 
this assignment, we studied the impact the 
Fibonacci project had on our activities at 
national level. 

The Romanian team contributed also to the 
evaluation of state-of-the-art at continental level 
as it concerns STEM education. 

As beneficiary of the project financial 
support, we were able to invite several 
Romanian teachers and educational policy 
makers to participate to the two international 
conferences the project organized in Halle and 
Freiburg. This was a good opportunity for them 
to meet fellow educators, to express their views 
on STEM education and to start new 
collaborations. 

Keywords. inquiry-based science teaching, 
STEM education. 
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Hands-on Organic LEDs and Solar 

Cells 
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Abstract. Electronics, whose functional 
elements are based on semiconducting organic 
materials (small molecules or specific 
polymers), are related to organic electronics. 
This is no longer a vision, it’s an inherent part 
of our everyday life. This kind of electronics are 
already being used in smartphones and curved-
TVs. Moreover, in future it is going to play a 
major role in our living environment. 

Together with our partner in Wuppertal 
(Prof. M. W. Tausch), we have developed 
didactical concepts and experiments for OLEDs 
(organic light emitting diodes) and OPVs 
(organic photovoltaic cells) [1-5]. The materials 
have been tested in formal as well as informal 
learning settings together with more than 60 
teachers and students. 

In this year’s conference, we will present a 
didactical suitcase including all necessary 

materials for building OLED and OPV devices. 
The construction of a luminous OLED device 
will be demonstrated in a live experiment. 
Furthermore, we will introduce an interactive 
learning-tool for understanding the elementary 
processes in an OLED device. 

Keywords. OLED, OPV, Organic Electronics 
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Abstract. Although 70% of our planet is 
Ocean, there is a general lack of information 
about ocean processes and on the value of the 
ocean to society. Increasing ocean literacy 
must be a priority so that informed and 
responsible decisions about the ocean can be 
made. Despite its importance, in schools 
Ocean topics are not yet commonly explored, 
and there is a debate on whether these should 
be included in formal curricula. Non-formal 
approaches can play a major role to fill this 
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gap. Hands on activities, in particular, can be 
very effective in this regard. If these include 
field work focused on exploring marine science 
topics, this approach can be very effective to 
promote ocean literate citizens. Science 
centres, in particular those located in coastal 
zones, can play a major role to promote non-
formal learning about the ocean through field 
work that allows a better understanding of 
patterns and processes in the ocean, as well as 
the use of scientific methodologies commonly 
used in marine sciences. In 2012-2015, the 
project “Ciência em Tavira” promoted set of 
activities, including a Science Club, at a local 
school. The Science Club was streamlined by 
the Tavira Ciência Viva Science Centre. Many 
of the topics explored in some of the sessions, 
were related to the Ocean. In one of the 
science club activities, students were able to 
work closely with a marine biology researcher 
in order to increase knowledge about 
zooplankton biodiversity and sampling 
methods. Field work at the Ria Formosa 
coastal lagoon, a fundamental ecosystem 
included in a natural park, allowed the students 
to collect zooplankton samples through 
plankton nets commonly used in marine 
biology, deployed with the help of the 
researcher and the science centre explainers. 
The samples collected in the lagoon area and 
taken to the school laboratory afterwards for 
further analysis. In the laboratory, the 
researcher explained the importance of 
zooplankton in marine ecosystems and food 
webs, and the students could observe the 
plankton biodiversity and identify the 
zooplankton main groups collected during the 
fieldtrip. 

Keywords. Marine biology, Fieldwork, 
Labwork, Hands-on activities. 

 

 

Hands-on Science in the 
Kindergarten 
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Abstract. Aiming at introducing 
kindergarteners to science, the Tavira Science 
Centre has been implementing hands-on 
activities for young children at kindergartens on 
a regular basis, since 2011. Activities are 
implemented though inquiry based learning 
approaches, allowing the exploration of multiple 
scientific concepts. This is achieved with 
experimental activities that promote learning 
though the use of simple materials related to 
the children’s daily life. Complex concepts such 
as heat, gravity, viscosity, among others, are 
explored through scientific methods, allowing 
the development of cognitive and fine motor 
skills. 

After four years of implementation, it is clear 
that children that participate in these activities 
reveal stronger learning capabilities and 
abilities to connect concepts compared to other 
children with the same age that don’t 
experience regular science hands-on activities. 

Keywords. Hands-on science, kindergarten 
activities, science experiments. 
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with Interactive Computing 
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Abstract. The potential of the use of 
technology in education is clear and requires a 
rethinking of the teaching methods. New 
pedagogic practices can also be introduced in 
higher education in order to enhance the 
learning through the use of technology. 

We have developed some computational 
and interactive resources, suitable for 
mathematics teaching in Higher Education. 
These resources allow the learning process to 
be more dynamic, involving the manipulation of 
objects and simulations, which in turn 
contributes to the understanding of abstract 
concepts. 

In this communication we show an example 
of one of these resources that can be used in a 
context of a Calculus course. This example is 
properly placed in the context of a problem and 
it is intend to approach a mathematical concept 
exploring the potential of the computer 
resource in terms of three-dimensional 
representation and its characteristics such as 
the interaction and manipulation. 

It is intended to integrate these resources 
into an interactive lecture notes for a Calculus 
course taught at the University of Madeira. We 
believe that this will be a useful tool to support 
the teaching of the course providing the 
creation of an educational environment where 
students can take an active role in their 
learning, through the visualization and 
interaction with different objects improving the 
understanding of concepts. 

Keywords. Computational Interactive 
Resources, Higher Education, Mathematics. 

 

Science Outreach Activities at 
CQM-Centro de Química da 

Madeira 
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Abstract. The CQM-Centro de Química da 
Madeira (Madeira Chemistry Research Centre) 
is a Portuguese research unit supported by the 
Portuguese Foundation for Science and 
Technology (FCT). Beyond research activities 
in the fields of Natural Products and Materials 
(CQM main mission), the unit has always given 
special attention to the spreading of science to 
the young in particular and to the public in 
general. Indeed, CQM aims to interact directly 
with society, inspiring new talents in Chemistry 
and Biochemistry and showing the importance 
of science for the development and well-being 
of society. Activities including scientific 
dissemination events, as well as presentations 
demonstrating CQMs own contribution to 
science, all play a role in this. 

This presentation will cover a range of 
outreach actions that CQM has promoted since 
its conception, namely: “A QUÍMICA É 
DIVERTIDA” (Chemistry is Fun) which is now 
20 years old and consists of a balanced mix of 
science popularization activities (colloquia, 
experimental demonstrations, competitions, 
etc.), usually being done during the National 
Week of Science and Technology; “NOITE DA 
QUÍMICA” (Night of Chemistry) that took 
science to the centre of Funchal to 
commemorate the International Year of 
Chemistry (IYC 2011); research training 
periods for high school students during the 
summer holidays; TV programmes for young 
children (PANDA cable TV channel) that were 
recorded in 2007; and a newsletter edited in 
English and in Mandarin that highlights 
research and training activities in CQM. More 
recently, a new science outreach project was 
launched by the CQM. “Bridging the Gap – 
Chemistry and Biochemistry in the Real World” 
consists of a well-defined package of activities 
(mostly hands-on experiments) to be done in 
different contexts (schools, elderly homes, and 
hotels). 

Indeed, we believe that Chemistry is an 
important science and that people with a higher 
level of scientific literacy are better prepared to 
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face the new challenges that the future will 
bring. 

Keywords. Centro de Química da Madeira, 
Chemistry and Society, general public, 
outreach activities. 
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Ars Lux laser Harp – the 
Musicality of Light 
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Abstract. A laser harp is a musical instrument 
whose functioning is built on the blocking of 
laser beams with the purpose of producing 
sound. Depending on the beam that is blocked, 
a different sound, i.e., a distinct musical note, is 
produced. Ars Lux employs eight low-power 
lasers and a single-board computer, thus 
making it easier to build and economically 
viable. Unlike the more common laser harps, 
when an Ars Lux laser beam is cut at different 
heights, there is a variation in the volume of the 
note that is emitted. This ability leads to a truly 
unique prototype, merging Art and Light 
Sciences. In this communication, we will 
present a one year work process focused on 
Project-based methodologies. This pedagogical 
methodology allowed the development of 
several key competences such as time 
management, argumentative thinking, 
procedural research skills and collaborative 
work. 

As the winner of the first prize in the Science 
Fair IYL2015/Portugal "À Descoberta da Luz" 

national contest that took place in May25 in 
Viana do Castelo, Portugal, we hope to present 
all HSCI2015 participants with a laser harp 
concert. 

Keywords. Laser harp, Project-based 
Learning, formal education, collaborative work, 
tutoring teaching. 
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Abstract. At several places (city gardens, 
school libraries, science centres) reading 
performances can become peculiar science 
communication acts. 

Curiosity and interest on technological, 
scientific knowledge and on literature can come 
together, in an intimate ambience of 
storytelling. 

Expressive moments of “once upon a time” 
or “just listen to what I’ll read!” are powerful 
means to conduct audience’s attention to a 
certain scientific concept, principle, 
phenomenon that a certain text hides inside 
and can motivate to an inquisitive relevant 
attitude respecting everything around us. 

Using only words and gestures, narrator can 
get listeners’ attention to classical or modern 
literature, oral tradition, published authors or 
unknown ones as well as to basic or frontline 
science subjects, at the same time. 

Narration performances mix fantasy and 
rigor in order to get generous smiles and 
engagement, from public of all ages, towards 
Word and Science. 

International Year of Light becomes a good 
excuse to a scientific look on every bit of 
literature we read or listen to, and on anything 
after that. 

While appealing narratives are being 
shared, simple notions on Light can be 
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disclosed (propagation, wavelength, reflection) 
and basic experiments can be tested 
(periscope’s functioning for instance), hopefully 
leaving in each person the most powerful 
certainty: “I easily got the idea! I can do that!”. 
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the Case of a Simple Optics 
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J Karachalios, I Sianoudis3 
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Abstract. The development of information and 
communication technologies (ICT) in the 
present times facilitate the adoption of new 
ideas and applications in education systems 
and methods, such as are techniques in the 
remotely controlled educational experiments. 
This approach allows the implementation of 
physics experiments over the internet without 
the need for expensive equipment or software. 
In this study, we have developed a method for 
operating a remote, University level Physics 
Laboratory, using the internet and interface 
techniques that allow students to fully control 
the whole experimentation process. An 
appropriate environment based on the 
technology of the Raspberry Pi microcomputer 
systems is used as a lab server, because of 
their low cost, ease of use, as well as general 
accessibility they provide. As an example we 
describe a physics experiment in Optics, as a 
sample application already available. 

 

 

A Workshop on How to Create 
Scientoons and Making Science 

Learning a Joyful Experience 
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Abstract. Science education and research is 
facing now-a-days a tough challenge around 
the world. Many times, the way it is being 
taught, it looks very technical, less interesting 
and sometimes even boring. Educationists 
around the world including in USA are worried 
as students are opting for more lucrative career 
options in business, commerce and information 
technology. This trend is not a healthy one as 
no country can progress without the 
development in science. Now-a-days most of 
the scientific researches have become 
interdisciplinary and many experts from 
different background have to work together. To 
communicate to such different experts from 
various disciplines, is a real challenge. 

It is well said that a picture is worth 
thousand words. Cartoons are the combination 
of caricature and satire. Caricature means 
distorted drawing and satire means a humorous 
comment. If the subject of the cartoon is 
science then they are called science cartoons. 
Scientoons are a new class of science 
cartoons, based on science. They not only 
make you smile and laugh but also provide 
information about new researches, subjects 
and concepts in a simple, understandable and 
interesting way. Scientoonics is new branch of 
science, which deals with effective science 
communication using a novel class of science 
cartoons called scientoons. Scientoons have 
been recognized/ appreciated all over the world 
by several international organizations including 
WHO, UNESCO, UNEP, Royal Swedish 
Academy, International Union of Pure and 
Applied Chemistry, American Chemical 
Society, Junior Chamber International (USA), 
DECHEMA, Germany and also by NCSTC 
(DST, Govt. of India), CSIR, Indian Science 
Congress Association and many more. 
European Science Festival 2008 held from July 
18-22, 2008 at Barcelona, Spain, organized a 
full session on Scientoonics 
(www.esof2008.org) 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

 

260 

This Scientoon based audiovisual technique 
is more useful when a scientific program is 
undertaken to make people understand and 
learn and thus create interest in that area for 
higher education/mass awareness. In this 
workshop a live demonstration of the entire 
process as how to create scientoons, which 
will that how complex subjects of science can 
be presented and effectively explained using 
scientoons so that the science 
communication/education/research in these 
areas can be made more informative, effective, 
interesting and useful. 

 

 

 

Body Language to Understand 
Relativity 

X Prado 
IES Pedra da Auga, Ponteareas,  
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Abstract. This workshop will focus on the 
possibilities of corporal language (hand signs, 
arms and body movements, songs) to be used 
as a teaching tool and a learning help to show 
and develop relativity in the classroom at early 
pre-university levels, as well as at informal 
learning activities like science fairs, public 
demonstrations and scientific divulgation in 
general. The approach is based on the 
geometric formulation of relativity in spacetime 
by Minkowsky, and it has been developed by 
the author in several ways, including 
presentations in science teaching forums like 
Physics on Stage {1}, ESERA [2] or Hands-On 
Physics [3].The ideal duration of the workshop 

would be of 1 hour to allow detailed 
presentation and interaction with the 
participants, but it can be shortened until a 
minimum of 30 minutes. In this time, the 
participants will be encouraged to feel by 
themselves the spacetime diagrams and their 
physical interpretation using their bodies in a 
choreographic manner to produce the new 
physical meaning in the following sequence: 

Spacetime as explained by Minkowski; 
Aristotle´s ideas about space, time, movement 
and the instant; Galleo and classical relativity; 
Experimental evidence by Michelson and the 
GPS operation; Lorentz transformation; speed 
limit as proposed by Einstein; the role of the 
speed limit in the CERN and at the borders of 
the Universe. 

The main ideas will be fixed singing a song 
where hand movements help the explanatory 
text to be fixed in our minds more easily. 

This sequence has been used to convene 
an international online conference of secondary 
students from UNESCO-Associated Schools in 
7 countries (Spain, Germany, Greece, Italy, 
USA, The Netherlands and Switzerland) to 
commemorate the International Year of Light 
2015 under the title of “New Light with Old 
Ideas“ [4]. 

Keywords. Relativity, spacetime, speed limit, 
body language. 
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Abstract. One of the intended goals of the 
International Year of Light 2015 is to achieve 
that people get familiar with the word photonics 
and the crucial role that photonics technologies 
play in our life. While young people is 
fascinated by the word photon, the concept of 
photon as depicted in standard high school 
textbooks is often misleading, and lead 
students usually to think of photons as point 
particles with a permanent undeletable identity 
of their own even when transpassing material 
boundaries. But two giants have warned us of 
the misuse of the term photon, and much more 
of our confidence on our own understanding of 
the concept. The well-known Einstein’s 
sentence: “All the fifty years of conscious 
brooding have brought me no closer to the 
answer to the question: What are light quanta? 
Of course today every rascal thinks he knows 
the answer, but he is deluding himself”, is 
indicative of the complexity of the concept of 
photon. Willis Lamb Jr, Nobel Prize in Physics 
1955, suggested at the first of the 1960’s 
Rochester Coherence Conferences, that a 
license be required for use of the word photon, 
and offered to give such license to properly 
qualified people. It is time to present the 
concept to young people more rigorously, 
through examples from optics and classical 
electromagnetism. Photons are usually given a 
particle-like reality linked to quantization in free 
space. But photons in a medium are different 
from those in free space, those that travel in 
vacuum and without boundaries. When light is 

transmitted from a transparent material to 
another, or is kept confined in electromagnetic 
cavities or photonic crystals, photons have to 
obey Maxwell’s theory of electromagnetism and 
accommodate themselves into the available 
electromagnetic modes that satisfy the 
boundary conditions of the classical 
electromagnetic problem. Quantization of the 
electromagnetic field for a simple reflection-
refraction process at the interface between two 
transparent media, the total internal reflection 
and evanescent waves, electromagnetic waves 
with orbital angular momentum, single atom 
masers, and other simple cases is more 
appropriately done in terms of the 
electromagnetic modes characteristic of the 
physical boundaries of the system, and a single 
photon in one of these modes might result in a 
linear quantum superposition of many free-
space photons. I present several examples that 
illustrate this point and strip the concept of the 
photon of any point-like behavior and the 
photon itself from an identity per se. 
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Abstract. The purpose of this study is to show 
the importance of green box technology and 
animation technology which include association 
of things with memorable images or with a 
rapid display of images for visualization in all 
type of educational classes. Visualization is a 
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powerful activity that can improve children's 
comprehension skills and encourage students 
to participate lectures. Class would be highly 
interested in the lessons in which one of the 
visualization processes are used. Animations 
as well as green box technology can help 
learners come to understand complex ideas 
more easily. They have the power to gain the 
attention of a person for hours together without 
boring them. 

Rapid display of images to create an illusion 
of movement is called animation and green box 
technology is simply using a green screen to 
create illusion with an efficient way. We made 
experimental works in primary and secondary 
schools to test the idea of visualization 
techniques can enhance the student’s 
performance during lecture. Experiments and 
observations proved that applying of green box 
technology and animations improved children's 
comprehension skills. After we succeed in 
green box technology usage in education, we 
also prove that these technologies are not just 
confined to movies and video games; the areas 
of its application are boundless. And one of 
those areas is Education. Teachers can use 
animated video clips to explain concepts (like 
energy conversion, atomic movement, etc.).The 
process of usage of animated video clips not 
only makes the complex concepts clear but 
also helps the student’s memorization skills. 

This technique enable memorizing of 
complex scientific facts or foreign language 
words for a longer time with an efficient way 
since humans have a very good pictographic 
memory; the more you make use of 
visualization tools the better the information is 
stored. 

Experiments of Green box technique over 
secondary school students were conducted at 
scientific event “Science is Beautiful” (14th 
October 2014) at METU (Middle East Technical 
University) Çankaya/Ankara in Turkey. 

Observations of animated clips to support 
green box technique were made at Bumsuz 
Primary School (29th October 2014) 
Haymana/Ankara in Turkey. 

Results of conducted experiments showed 
that this new way of learning tool “green box” 
provides promising solutions to enhance 
comprehension skills for both primary and 
secondary school students. 

Keywords. Animation technology, green box 
technology, visualization processes, green 
screen for education. 
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Abstract. Collaborative and cooperative lear-
ning refer to a method used to achieve an 
educational goal as learners work together for 
the fulfillment of a given task [1,2]. 
Collaborative learning was proved to assist 
students to reach better achievements, to 
develop more effective psychological and social 
connections, to improve social behavior and to 
increase their self-esteem [3-5]. Through 
collaborative learning students are trained to 
work in group in a cooperative manner rather 
than in a competitive way, to construct 
knowledge rather and memorize information, to 
participate to decision making, to select the 
appropriate means to solve a problem, to have 
an increased control over the learning process, 
as this approach is student-centered. ICT is 
seen as an opportunity to promote and support 
collaborative learning, virtual environments, 
being both a tool and a medium for educational 
activities [6]. 

The project called i-BEST (Inquiry-Based 
Education in Science and Technology, 
http://education.inflpr.ro/ro/IBEST.htm) has as 
major focus the science teaching by inquiry. In 
the frame of this project we propose to schools 
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(from kindergarten to middle school) different 
activities supported by appropriate learning 
units and training kits, in the field of science of 
measuring, optics, acoustics, electricity. Some 
of the learning units are original and some are 
translations from European or American 
projects. These learning units are part of the e-
learning platform we developed, the 
TeachScience platform, which includes also a 
virtual library (http://81.181.130.13/teachscience/). 

School activities related to science learning 
are supported by a collaborative platform, 
aiming to create a nationwide community of 
practice (http://81.181.130.13/ibest/). As 
compared to the “classical” approach on 
collaborative learning, when students organized 
in small groups are solving a problem, in our 
implementation we are trying to channel the 
efforts of different schools, with various 
development and achievement levels, and 
spread across the country, towards the inquiry 
on the common science subject. 

The present paper refers to two of the 
inquiry-based science activities we run in the 
context of this collaborative platform to support 
science teaching and learning from 
kindergarten to middle school. The two inquiry-
based science activities (“Spring coming” and 
“Weather”) are described, activities designed to 
develop children observation, measuring and 
reporting skills in science classes. 
Technological aspects of the educational 
process are supported as school students are 
taught to build their own measuring 
instruments, learning in this way their operating 
principles. 
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Abstract. Over recent years science 
education has been in focus due to the decline 
of student enrolments in scientific degrees [1]. 
There have been many efforts to promote 
science not only on students but also in our 
societies [2]. Moreover, one of the challenges 
of this era is teaching science related to 
everyday life. As stated by Núñez [3], raising 
cognitive goals is not enough, we must link 
them to other social and human objectives. 
Thus, learning to learn is one of the 
fundamental goals of any educational project. 
Several trends propose conducting hands-on 
experiments and workshops with the 
participation of students to offer an active 
learning of science. If students are actively 
engaged and if their activities are closely linked 
to their daily live, they will learn better.  

In this context, a group of PhD students of 
the university Jaume I of Castellón whom main 
research topic is optics, have created a student 
chapter named GOC (Group of Optics 
Castellon). Student chapters are groups of 
students that are affiliated to several 
international societies which main purpose is 
the dissemination of science. These societies 
give economical support to the students for the 
development of scientific networking and 
outreach activities. 

Taking advantage of this funding we have 
collaborated with Jaume I University in several 
promotion activities to encourage students to 
join scientific careers. With our chapter, we 
have performed several outreach activities and 
workshops in which high school students learn 
by having fun. In particular we have organised 
three different workshops. On the first one, 
students learn about refraction, reflection and 
polarization. The second workshop was about 
kinematics, human vision and electromagnetic 
waves. Finally, in the third workshop they 
learned about light absorption and diffraction. 
We repeated the activities to several high 

schools involving hundreds of students. In 
resume, it has been a successful set of 
workshops that have also been reported at the 
European Physical Society (EPS) news 
webpage [4]. 

In this communication we describe in detail 
the activities performed, we report the response 
and draw our conclusions in the basis of the 
response of the attendees.  

Keywords. Hands-on experiments, Science 
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Abstract. The CQM-Centro de Química da 
Madeira (Madeira Chemistry Research Centre), 
located at the University of Madeira (UMa) in 
the Autonomous Region of Madeira (RAM), is a 
research unit supported by the Portuguese 
Foundation for Science and Technology (FCT). 
While research forms its principal focus, the 
Centre has always placed a lot of importance 
on conveying the importance of science, 
particularly Chemistry, to the general public. In 
this regard, numerous dissemination activities 
are executed by CQM of which the most well-
know is the “A QUÍMICA É DIVERTIDA” 
(Chemistry is Fun) action. Although 
dissemination activities of this kind are readily 
accessible to all, a lack of interest in Chemistry 
is still evident amongst the general population 
of the RAM. In a bid to narrow this existent gap 
between science and society further, CQM 
recently launched “Bridging the Gap – 
Chemistry and Biochemistry in the Real World”. 

A major objective of this new Science 
Outreach Programme is to bring science, 
namely Chemistry and Biochemistry, to the 
general population of Madeira and Porto Santo 
and to illustrate its importance on the 
socioeconomic development of the Region. The 
Programme is tailor-made to cater to the 
different needs of society. Several well-defined 
packages constituting a range of mostly hands-
on activities are on offer through the 
Programme. They are designed to be 
accessible for people of all ages and are readily 
available for schools, old age homes and other 
interested entities. To date, several dynamic 
and interactive scientific initiatives have been 
done for scholars from primary and secondary 
schools, as well as for senior members of 
society. Thus far, the feedback from the 
different participating entities has been positive, 
with individuals displaying an increased interest 
in science by the end of the activities. It is 
through this alternative and pro-active 

approach that “Bridging the Gap – Chemistry 
and Biochemistry in the Real World” aims to 
stimulate, motivate and capture people of all 
ages illustrating the importance of science on 
the development of society in general. 

Keywords. Centro de Química da Madeira, 
Chemistry and Society, general public, 
outreach activities. 
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Abstract. The first edition of the event 
“Chemistry is Fun” (A Química é Divertida), 
promoted by the Chemistry Department of the 
University of Madeira, was in 1995. After the 
creation of the CQM-Centro de Química da 
Madeira (Madeira Chemistry Research Centre), 
a Portuguese research unit supported by the 
Portuguese Foundation for Science and 
Technology (FCT), it became a part of the 
Centre’s regular activities. 

Chemistry, the science of matter and its 
transformations, is nowadays strongly 
intertwined with other fields of knowledge and 
often goes unnoticed. “Chemistry is Fun” 
consists of a set of different activities aimed at 
showing the general public chemistry’s 
important contributions to our lives: not only for 
the economic development of society, but also 
for the improvement of human health and the 
protection of the environment.  

How to generate enthusiasm for the study of 
chemistry in primary and secondary schools? 
How to increase the number of chemistry 
students in universities? How to help creative 
minds to discover the beauty of chemistry? In 
an effort to tackle these questions, “Chemistry 
is Fun” brings the public (especially the 
younger generation) to the University of 
Madeira  and offers them the possibility of 
being engaged in multiple activities - colloquia, 
experimental demonstrations, competitions, 
visits to the research laboratories, chats with 
the scientists, etc. Over the last couple of 
years, this scientific dissemination event has 

been carried out under the scope of the 
Portuguese National Week for Science and 
Technology, thus contributing to the national 
endeavour of increasing scientific literacy.  

Keywords. A Química é Divertida, Centro de 
Química da Madeira, Chemistry is Fun, 
Chemistry and Society.  
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Abstract. Nanoscience is the science 
associated with materials that have, at least, 
one dimension at the nanoscale (typically under 
100nm) [1]. These materials are known as 
“nanomaterials” and may display behaviours 
that are a function of their size and shape [1]. 
Nanostructured surfaces that have features at 
the nanoscale are also considered 
nanomaterials. Nanomaterial applications 
(nanotechnology) are very broad and include 
uses in electronics, medicine, catalysis, energy 
production, agriculture, food quality, 
environment preservation, etc. [1]. Indeed, the 
impact of nanomaterials in the future is 
expected to be huge [1].   

In this science fair project we will show 
several examples of nanomaterials that exist in 
nature (e.g., shark skin, the wings of the 
Morpho butterfly, the legs of water striders, 
Gecko feet hairs and the surface of the lotus 
flower). Through the use of simple experiments, 
we will try to explain how these nanostructured 
materials can be mimicked to produce 
functional materials that show structural 
colours, adhesiveness or superhydrophobicity 
(self-cleaning surfaces).   

Among other things, visitors will also have 
the opportunity to see how quantum dots, 
which have the same chemical composition but 
different sizes, present diverse colours. How 
these special nanoparticles can help doctors in 
the diagnosis and treatment of diseases will be 
discussed. The presence of nanomaterials in 
products that we use in our everyday lives 
(e.g., toothpaste, sunscreens, antibacterial 
coatings, etc.) will also be highlighted. Using 
3D molecular models, the chemical structure of 
the most well-known synthetic nanomaterials 
such as the bucky-ball (C60), nanotubes, 
nanodiamonds, etc. will be shown and will be 
related with their properties.  

The CQM-Centro de Química da Madeira 
(http://cqm.uma.pt) devotes part of its research 
to the study of nanomaterials for biomedical 
applications. We will further show visitors our 
main ongoing research projects and how they 
are expected to contribute to the improvement 
of the well-being of society.  

Keywords. Bioinspired materials, nanoma-
terials, nanoscience, nanostructured materials. 

Acknowledgements 

The Fundação para a Ciência e a Tecnologia 
(FCT) is acknowledged for the financial support 
of our work (PEst-OE- UID/QUI/00674/2013). 

References 

[1] Hornyak GL, Dutta J, Tibbals HF, Rao AK, 
Introduction to Nanoscience. Boca Raton: 
CRC Press; 2008. 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

268 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

269 

AUTHOR INDEX 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

270



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

271 

Abreu S 184, 241 
Aguín-Pombo D 131, 138, 209 
Almeida A 258 
Almeida MJ 237, 238, 239 
Almeida-Aguiar C 237, 238, 239 
Alves A 237,  
Alves CS 250, 265, 267 
António JC 228 
Azevedo J 138 
Azevedo MM 251 
Aziz-Khan M 204  
Baioa A 255 
Balta N 227 
Banerji A 255 
Barata S 226 
Belaga V 244 
Bento AV 138 
Blanco J 175 
Boal-Palheiros I 144, 240 
Borges R 255, 256 
Brazão P 156 
Camacho L 166, 257 
Carbonell M 264 
Carvalho-Pires HC 170 
Castro D 175 
Cavaquinho V 256 
Ceylan E 222, 246 
Chacón C 249 
Cláudio AF 240 
Condesso M 258 
Costa MFM 87, 124, 188 
Costa-de-Oliveira S 251 
Coutinho J 240 
Dale Tunnicliffe S 30 
Dasgupta-Misra K 230 
Dionisis V 259 
Doñate C 264 
Dorrío BV 18, 175 
Dörschelln J 255 
Elias C 236 
Encarnação F 79, 223 
Esteves Z 188 
Fernandes E 70, 161, 184, 217, 241 
Fernández D 175, 256 
Ferreira J 237, 239 
Ferreira JNM 166, 257 
Ferreira P 231 
Ferreira-Teixeira S 225 
Fidalgo R 193, 197 
Firdaus-Nawawi M 204 

Firssova O 224 
Forjaz MA 237, 238, 239 
França A 138 
Freire M 240 
Freitas R 255, 256 
Garapa M 166, 257 
Gouveia-Reis D 95 
Grynova M 35 
Güvez H 254 
Guzmán AM 249, 261 
Horta C 209 
Irles E 264 
Jeremias M 110, 251 
Kamiş T 254 
Karachalios J 259 
Kaya A 227 
Kazachkov A 35, 218 
Kechechyan A 244 
Kireš M 218 
Klygina K 244 
Komarova A 244 
Kumar-Srivastava P 259 
Kumar-Tyagi B 37, 233 
Lello A 258 
Lima-Marinho AS 201 
Lopes PC 70, 241 
Lorenzo-Álvarez S 18 
Loureiro J 231 
Machado A 236 
Maciel D 250, 265, 267 
Maciel M 237, 238 
Marques CMJM 228 
Marques J 237, 239 
Martins S 161, 241 
Martins V 124 
Medeiros y Araujo C 201 
Mendonça S 95 
Michaelides PG 1 
Miguel C 250, 265, 267 
Miranda IM 251 
Mitsou G 259 
Monro F 249 
Moor JC 35 
Moreira A 124 
Moreira H 193, 197 
Mota B 225 
Motius E 204 
Moura A 256 
Nobre A 238 
Oliveira N 250, 265, 267 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

272 

Ornelas M 209 
Panebrattsev Y 244 
Peixoto B 117 
Pereira ML 218 
Pereira S 117 
Pérez J 264 
Pernar J 220 
Pescada J 256 
Pestana-Gouveia MFB 156 
Pina-Vaz C 251 
Pinheiro L 236 
Pinho R 193, 197 
Pinto-Mina IA 170 
Pombo P 226, 258 
Prado X 18, 49, 260 
Prasar V 37, 233 
Prinsen F 224 
Ramírez C 249 
Rebelo H 131 
Rocha R 258 
Rodrigues AG 251 
Rodrigues J 250, 265, 267 
Rodríguez AD 264 
Sadovsky D 244 
Salvador-Balaguer E 264 
Sánchez XR 18 
Santander-Prat K 248 
Santiago A 236 
Santos S 256 
Santos TM 218, 245 
Seixas S 79, 110, 150, 223, 251, 252 
Serdar C 222, 246 
Serra F 87 
Serra M 226 
Sianoudis I 259 
Sidorov N 244 
Silva AP 251 
Sobaci E 261 
Soldevila F 264 
Sousa C 207 
Sousa F 117 
Sousa L 61 
Souto C 258 
Souto L 193, 197 
Specht M 224 
Sporea A 254, 262 
Sporea D 254, 262 
Srivastava A 243 
Srivastava PK 235 
Suarez A 224 

Şükrüye ER 181, 253 
Tavares F 193, 197 
Teixeira-Santos R 251 
Teodósio M 150, 252 
Tomás H 250, 257, 265, 266, 267 
Torres RO 264 
Trna J 25 
Trnova E 103 
Ulrich Y 236 
Varela P 87, 124 
Vildósola-Tibaud X 248 
Vladescu E 253 
Vovk R 35 
Yılmaz O 254 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

273 

This book is conformed of a set of works presented at the 12th International 
Conference on Hands-on Science held in Madeira Island capital city of Funchal in 
Portugal, July 27 to 30, 2015. The editors would like to acknowledge these 
endorsements and sponsors as well as the efforts of the conference organizers and 
the members of the conference committees and the contributions of all conference 
participants. 



Hands-on Science. Brightening our future 
© 2015 HSci. ISBN 978-989-8798-01-5 

274 

HSCI2015 

12th International Conference on Hands-on Science 
Brightening our future 

27th-30th July 2015 
Escola Secundária Francisco Franco, Funchal, Madeira Island, Portugal 

Chair: 

Manuel Filipe Pereira da Cunha Martins Costa (Portugal) 

International Advisory Committee: 
Abhay Kothari (India)  
Alex Kazachkov (Ukraine) 
Alicia Fernandez Oliveras (Spain)  
Amit Garg (India) 
Ann Torsted (Danmark)  
António Carlos Pavão (Brazil) 
Armando Dias Tavares Jr. (Brazil) 
Clementina Timus (Romania) 
George Kalkanis (Greece) 
Elisabetta Zibetti (Italy) 
Elsa Fernandes (Portugal)  
Erik Johansson (Sweden)  
Eva Trnova (Czech Republic) 
Fernanda Gouveia (Portugal)  
Francisco Sousa (Portugal)  
Helena Tomás (Portugal) 
Horst Bannwarth (Germany) 
Iryna Berezovska, (Ukraine)  
Jesus Blanco (Spain) 
Jose Benito Vazquez-Dorrio (Spain) 
José Manuel Baptista (Portugal)  
José Figueiredo (Portugal) 
Joseph Trna (Czech Republic) 
Liu Xu (China) 
Lucian Vladescu (Romania) 
Manuel Filipe Costa (Portugal) 

Maria Inês Nogueira (Brazil) 
Maria de Jesus Gomes (Portugal) 
Maria Teresa Malheiro (Portugal) 
Marian Kires (Slovakia) 
Maxim Tomilin (Russia) 
Mikiya Muramatsu, (Brasil)  
Mourad Zghal (Tunisia) 
Mustafa Erol (Turkey) 
Nilgün Erentay (Turkey)  
Panagiotis Michaelides (Greece) 
Paulo Brazão (Portugal) 
Paulo Idalino Balça Varela (Portugal) 
Pedro Pombo (Portugal) 
Pradeep K. Srivastava (India) 
Radu Chisleag (Romania)  
Roger Ferlet (France) 
Samar Darwish Kirresh (Palestine)  
Sonia Seixas (Portugal) 
Stephen M. Pompea (USA) 
Sue Dale Tunnicliffe (UK) 
Suzanne Gatt (Malta) 
Teresa Kennedy (USA) 
Toyohiko Yatagai (Japan)  
Vasudevan Lakshminarayanan (Canada) 
Walburga Bannwarth-Pabst (Germany) 
Zuzana Ješková (Slovakia) 

Chair of Local Organizing Committee: 
Pedro Pombo (Portugal) 

Local Organizing Committee: 
Agustin Freitas 
Ana Peso 
Ana Rodrigues 
Carla Miguel 
Cristina Lopes 
Dulce Ferreira 
Elsa Fernandes 
Emanuel Garcês 
Fernanda Gouveia 
Helena Tomás 
Isabel Correia 

Joana Reis 
João Silva 
Jorge Costa 
Jorge Godinho 
Jose Vazquez-Dorrio 
Manuel Costa 
Marta Condesso 
Miguel Cardoso 
Miguel Serra 
Paulo Brazão 
Paulo Tavares 

Pedro Pombo  
Regina Sousa 
Rosa Canha 
Rui Branco 
Rui Neves 
Sofia Barata 
Sofia Simões 
Sofia Teixeira 
Sónia Abreu 
Sónia Martins 
Teresa Pereira





View publication stats

https://www.researchgate.net/publication/281463136

	Página en blanco
	Página en blanco
	Página en blanco



