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Abstract. Educational Robotics (ER) is a powerful technoladnych combines
both constructing and programming a robot model.s@sh it can address
teaching objectives from a wide range of disciifrem computer science and
technology to design, mathematics and science &édac#dditionally ER has
strong experimental characteristics which can #ffely support innovative
constructivist approaches to teaching and leardinthis paper we focus on the
design of robotics enhanced activities emphasizimg main constructivist
principles adopted. Secondly we illustrate thes@eets through some
representative examples.

Keywords: educational robotics, constructivism, construcami secondary
education, Lego Mindstorms, project based learrgdggcational technology

1 Introduction

Educational Robotic (ER) systems consist of bugdinaterial and software facilities
which allow the construction and the programmingafious robots from smart cars
to chimney cleaners. Robots have sensors and neaclike motors. They collect data
from their environment and use them as paramefansimportant feature of this

technology is that it can be very simple to use d¢onstructing a model and
programming it, while users can create extremephsticated applications. So it can
be used equally effectively by primary and univgrsitudents. Moreover may ER
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support a wide range of different explorationscdn be described as ‘having low
floor, high ceiling and wide walls’ [1].

First research projects of ER technology are gdiagk to '80. Then, there were
robotic turtles which could be programmed with Lodo our days many robotic
systems are proposed for school use. An interesgetem is the NXT version of
LEGO robotics which is supported by a graphical gpaonming interface for
developing robotic applications.

Activities with ER can serve learning objectivesnr a wide range of disciplines
from technology and design to mathematics and seieducation. They are hands-on
activities with important experimentation featuresom this point of view ER creates
an active, cooperative learning environment whicimplkasises on students’
participation. So incorporating robotic technolagia school curriculum can enrich
teaching practices with great impact in address#aghing objectives form different
disciplines with an innovative way.

Moreover developments in cognitive psychology, étigm science and the
education field support the idea that learning ipracess heavily influenced by
learners’ previous experience. Learning is consideas an active process through
which new meaning is constructed by learners. Bpigroach to learning which is
common to many theoretical and experimental worksnany disciplines is now
known as the constructivist approach.

The aim of this paper is to explore important aspexd robotic applications at
schools that make them appropriate for designirgyniag activities based on
constructivist principles. In section 2 we desciibbe main characteristics of teaching
and learning within the constructivist approach amddiscuss their implications on
the design of robotic enhanced activities. In sec8 we present a methodology for
developing such activities and we illustrate owpgmsal with six examples created for
and used in the teachers’ training seminars orgdnia the context of the TeReCoP
project. The paper ends with concluding remarks ceomning the learning
opportunities promoted by such robotic enhancedities.

2 Implementing Educational Roboticsin the classroom

ER technology can be considered as an educationkl Research in Greece, lItaly,
Spain, France, Romania, Czech Republic shows al simalber of implementations
in real classroom environment of ER technology iimary and secondary schools
and in tertiary education. What is really intenegtis the great number of robotic
research projects which can be listed in all lewdl®ducation [2]. Although these
applications vary concerning their objectives arethmndology, most of them adopt a
constructivist perspective emphasizing on collathegaand student centered learning
activities. So as a first step we should look dipse some theoretical issues of
constructivism.

Constructivism is a theory about teaching and legrmvith roots in philosophy,
psychology, sociology and education. Accordingdastructivism learning is “a self-
regulated process of resolving inner cognitive totsf that often become apparent
through concrete experience, collaborative disearsd reflection” [3]. The central
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idea of Constructivism is that human learningctmstructed Learners build new

knowledge upon the foundation of previous one. Mwesv of learning presupposes
that knowledge is an individual construction whiobrresponds to physical world.
What is important is learner’'s currently believé& matter if they are correct or
incorrect, despite having the same learning expeeiewith somebody else, each
learner constructs individual meanings [4].

Two important notions orbit around the idea of ¢omged knowledge [5]. The
first is that learners construct new understandingisng what they already know.
Learners confront their understanding in the lightvhat they encounter in the new
learning situation. If what learners encounter mgonsistent with their current
understanding, their understanding can change donamodate new experience. So
learning may involve some minor conceptual reorgaion or major conceptual
change. The second notion is that learning is eatither than passive and depends
upon learners taking responsibility to learn.

Constructivism, despite the criticism about its eamce, has important
implications for teaching that should be carefultpnsidered when designing
instruction [4]. Learning is based on prior knowgdedso learning environment should
exploit students’ current ideas in relation withwhe introduced information. New
knowledge is actively built so students experimgoits are important element of the
teaching process. Students may need different exmers to advance to different
levels of understanding, so activities which enager multiple representations of
concepts and relations are suitable. Students dlagly their current understandings
in new situations in order to build new knowledge, open ended tasks should be
incorporated in learning process. This construstiview of learning also influences
the role of teachers. The main task that teachrerassumed to perform, according to
constructivists, is no longer the transmission pdwledge, but the facilitation and
coaching of learning [6].

Constructionism proposed by Papert and his collegeMIT, is aligned with
constructivism in the case of learning with compiéehnology and ER technologies.
In Paper’'swvords:“It is easy enough to formulate simple catchy vemsiofthe idea of |
constructivism; for example of it as ‘learning-bygking’ [7].

The constructionist approach involves learnersdigl knowledge and meaning
through the construction of something externalt@rsable [7]. Furthermore, such a
process also provides a motivating context for et to learn the subject matter and
content and test their knowledge. Just as mairdalmePuntambakar and Kolodner
[8] that when students are engaged in multiple eyydf designing, evaluating, and
redesigning, they also have the opportunity to mif their understanding and
misunderstandings of concepts. Effective desigrepts involving ER according to
Resnick and Ocko [9] are the:

e Design projects that engage kids as active pasintgpgiving them a greater sense
of control and responsibility for the learning pess.

¢ Design projects that encourage creative problewirspl

e Design projects that are interdisciplinarpringing together ideas from art,
technology, math, and sciences.

¢ Design projects that help kids learn to put thewesein the minds of othersince
they need to consider how others will use the thithgy create.

¢ Design projects that provide opportunities foreefion and collaboration
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¢ Design projects that set up a positive-feedback loblearning when kids design
things, they get new ideas, leading them to desem things, from which they get
even more ideas, leading them to design yet mamgghand so on.

Based on and expanding the above mentioned ideasgonclude on several
principles about the design of robotic enhancetviies and their implementation in
real classrooms: (a) collaborative activities stidag undertaken by students working
in groups and in plenary as knowledge is the resfudt carefully organized discussion
and collaboration, (b) learning activities shoulé kxperimental, practical and
explorative as knowledge is achieved through aoeasks which reveal students’
current believes, (c) learning activities shouldticate students’ metacognitive skills
like reflection, self regulation and self assessmen

3 Representative Examples

An appropriate method for organizing students’ \afsti in ER is project-based
learning. Project-based learning (PBL) emphasieasning activities that are long-
term, interdisciplinary, student-centered, and grated with real world issues and
practices. PBL focuses on relevant and useful tdsksstudents by establishing
connections to life outside the classroom, addngsseal world concerns, and
developing real world skills. PBL cultivates a \eyi of skills including the ability to
monitoring their work, cooperate with others, matt®ughtful decisions, take
initiatives and solve complex problems.

Designing and implementing robotic-enhanced prsjeould be a very demanding
teaching and learning activity. The methodology prepose for organising ER
activities consists of the following five stagesieTfirst stage is the engagement stage
in which teacher and students explore a generaéiasid they set the problem that
their project is going to address. At the secorapest the_exploration stagell
necessary new knowledge, skills and tools are doited though practical activities
and experimentations. The third stage, the invaBtig stageconsists of open ended
investigations based on questions related to thialiproblem. At the fourth stage,
the creation stagestudents, in small groups, synthesize and propokgions to the
initial problem. Finally at the fifth stage, theadwation stageeach group presents
their work and receives feedback from their collesgand the teacher. Although this
methodology is suggested here for ER projectsant lze utilized for organizing any
lesson (teaching period).

Based on the above methodology the six pilot teatheaining courses on ER
were developed in the context of the TERECoP ptojat this section we will
describe four representative examples which hawn hesed for training purposes
during the courses and two projects created bydes as an outcome of their work in
the course. Some of these examples have been impledh in classroom
environment and some will be implemented duringtiyear. So, at this point we are
not able to present evaluation data from the implaation of the projects in real
classrooms.
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3.1 The BusRoute (Greece)

The BusRoute is a project for introducing edumzl robotics to students of age 12
to 14. It addresses objectives of Mathematics, feeie Technology, and Computer
Science. After completing the project students Wil able: to describe the basic
characteristics of a robot (Technology); to desigmd construct a moving vehicle
(wheels, axles, motors) (Technology); to use siétawftware and programming
structures in order to perform specific tasks (CatepScience); to calculate physical
quantities affecting the design and operation aofehicle, (Physics, Mathematics).
Skills which students may use or develop in ordezamplete their tasks are: problem
solving, experimenting, argumenting, evaluatinguanents, organizing, monitoring
their work/progress, and cooperating. Meanwhiley tleem a positive attitude toward
robotic technology. The project can be completeddrteaching periods (45min). A
suggested teaching sequence according to the mpoekeinted above is the following.

Engagement stage&Students are introduced to the theme of this ptojtraffic
within a town”. Photos and videos are used to sigstudents’ interest and initiate
discussions in small groups and in plenary. A sgen@ robotic bus which could
operate in the centre of a town) is used to pretfeninitial problem. Then students
are asked to present their own experiences andviesliin order to define, in detail,
the final problem that they are going to investgat

Exploration stage:Students are introduced to the basic functions tiod
construction materials and basic programming tephes: construction of a bus
which can move to all directions, design and tegtr@gram which moves the bus
forward —backwards, design and test a program wtoicts the bus, design and test a
program which moves the bus on a square, desigrniesmtch program which moves
the car on a predefined path, control the bus titvaa touch sensor, control the bus
through a light sensor. Students are performing tasks following specific
instructions (provided in appropriate worksheetBpy are gradually introduced to
experimentation, and they are encouraged to obsemeduate and generalize on
important aspects of the newly presented informatidhe final outcome is the
construction of a robotic bus which can move arouacd and controlled through its
Sensors.

Investigation stageThe general problem, as it was formed in the eeqent
stage, is analysed in smaller questions. Examdleguestions could be: ‘How the
robotic bus parks and how it starts off at the teai?’, ‘How it will move on a pre—
defined track?’, ‘How to deal with situations ofrdger or an obstruction?’, ‘How it
will stop at the bus stop and wait for passengers®dw could it serve disabled
people?’, etc. Each group, in this case, is workinga different question. At the end
of their investigation they present their solutionthe rest of the class. The work of
each group in this stage is completed independantlystudents should monitor their
own progress. Diaries are kept by students in otdepromote self-monitoring.
Students are asked to propose and test ideas, etmmgid evaluate their tasks. The
task is open-ended and the proposed solution ispéaisle as far as it is effective. In
this stage the teacher’s role is to create theagpiate learning environment and to
encourage participation of and contribution frointlaé members of the class. Part of
this stage is the agreement upon the evaluatiterieriof the final solution.
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Creation stage:At this stage students are asked to synthesizeptbposed
solutions and to create a complete answer to th@lirproblem. They prepare
presentations of their work. Students are parttoipawith ideas, argue, negotiate and
justify their choices.

Evaluation stageEach team is asked to present their project arntitipate in the
discussion. They are asked to evaluate their owrk &wod the work of other groups.
The teacher gives feedback to the students.

3.2 Robotics challenge (France)

This project was designed and implemented in a
classroom by three students-teachers (Technology B |_
Teachers) of the French “Teachers Training Institult
is based on the following challenge: A robot hagyto |
from A to B either through a labyrinth with coloredlls
(white when the path turns left and black wheruing
right) or following a black line on the floor. This an
activity for pupils aged 12-13, in the part of thei A
technology course treating of “computer aided pilgt Fia.1. The labvrintl

The target skills are part of the French Technology
curriculum. After the end of this project studerdase
expected to be able to:
- ldentify the different parts of the robot ;
- ldentify and justify the sensors and actuators ysed
- Represent the various stages of the movement by

observation of the robot ;
- Modify an existing program according to the
specifications given ; Fig2. Following the

- Adapt the system to a new situation. black line

The project is to be completed in 5 hours.

Engagement stag@upils watch a video on robotics, followed byiscdssion. The
robotics challenge is then presented.

Investigation stagePupils analyse the route the robot will haveditofv from A to
B and decide on a strategy to program the robot.

Creation stagePupils modify the existing robot by implementitige sensors and
the program chosen according to their definedeggsat

Evaluation stageT he different projects from each group of pupile analysed and
compared by the class, and a synthesis is madeettgacher and the pupils.

The results of the implementation of this projeerevpresented in a professional
report as part of the evaluation of the studenfsitase teachers.

3.3 Automated camera (France)

The firm ERM sells an automated production lindechI'ERMAFLEX” that fills,
packages and packs flasks of different types. #ieioto present its machine to future
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clients, the firm wants to make a video of the seufollowed by a flask along the
production line. In order to follow the progressté flask, a robot with an onboard
camera will be used.

This project was designed for
pupils of age 16, in their first year of
professional college in the field of
“Maintenance of Industrial Plants”.

The learning objectives of this
activity are linked to kinematics. The
aim is to have the pupils define basic
notions such as trajectories
(indifferent, rectilinear and circular)
and movements (translation and
rotation).

Progress  of the teaching fig3: product line
sequence: the project was planned
over 4 hours, during one day (2 hours in the mayaind 2 in the afternoon).

Engagement stag@he teacher presents the problem to be solvetthecpupils
(they have seen the production line in functiomobef, as well as the Lego NXT kit
and programming software. The next hour is spenthieypupils to build the robot
with the help of an assembly guideline.

Investigation and Creation stag&he pupils have to retrace the course of the
production line “ERMAFLEX" with their robot.

Evaluation stageThe different results from each group of pupils analysed and
shared by the class and a synthesis is done lgalber and the pupils.

This project has been implemented by two studerdskers of the French
“Teachers training institute” in their classroondamas compared to a more classic
lesson treating the same subject. The resultseottimparison of the two different
teaching methods (with or without the help of ediacel robotics) was presented by
the student in a professional report as part of theluation as teachers trainees.

3.4 Locating and tracking (Romania)

Taking further the idea of describing the phenomenra suitable natural manner, the
robotics become a powerful educational technol@ggsically, the robot is a physical
model of a living being. Usually, a robot is budtperform some tasks in human like-
manner. A lot of things can be discovered and éxpthusing appropriate robotic
materials and programs. In our previously repowedk [10] we presented the way in
which the approach specific to robots intersectslfumental domains and which kind
of problems can be approached in the area of furdtahsciences in connection with
the specific issues of robotics. Trying to solvg eeal life problem involves a sum of
knowledge from different areas.

Our example is built on one of the most human timliof the robots: locating and
tracking of the objects in their proximity. The iesdted time for this project is 6-8
hours. The initial problem is: ‘The subject seaschar the object. If it is sensed the
subject is locating it. The subject decides tokrdme object in certain condition (for
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instance, if this moves on and it is close enoughye pedagogical approach in this
problem starts with the engagement stagpen the teacher exposes the problem, for
instance: ‘A living being is looking for something/hat does the living being has to
do?’. The students are quickly involved in the exation stageand a holistic
approach is firstly expected in terms of differatisciplines: biology, physics,
mathematics, programming, radar technology, ete.ifterdisciplinary vision is used
to describe the global behavior of the living beilmgthe investigation staga! these
aspects are ordered in terms of the smaller quedgdved from the general problem.
Different groups of students analyze the particplarcesses, for instance: scanning
and sensing the objects, reacting when the olgectoving, the strategy of tracking,
etc.

The creation stagehallenges the students to provide their own Bmistand to
imagine the functional structures answering toitlittal problem. Despite of the fact
the proposed subject seems to be simply at a giaoae generate a lot of interesting
alternatives for a final solution. For example,faliént solutions for vision can be
chosen, different kinds of displacement could bagimed (continuous, stepping or
skipping, etc.), and different strategies of tragkcould be programmed too.

Finally, the_evaluation stage a very attractive activity when the studentsspent
and argue their solutions and are open to recedbfack from the teacher and from
their colleagues. Frequently, exciting ideas andppectives of development arise in
the evaluation stage.

3.5 Thecat, the mouse and the master (Greece)

‘The cat, the mouse and the master’ is a projecinimoducing basic programming
structures of the Lego MINDSTORMS Education NXT gnamming environment. It
was designed and implemented in the Greek teactraising course. In a previous
session, issues on using the Lego MINDSTORMS nadfesensors, and on making
robotic constructions have been introduced. Themastd time for this project is 6
hours. The scenario refers to a cat moving arooodlihg for mice and changing
behavior when meeting its master. A simple robetioistruction simulates a cat,
whilst the mice are black areas on a flat mockujpinees worked in groups and the
project deployed in five stages.

Engagement stagénitially the mock up is put on the ground, ahe groups are
invited to make their construction work on it, aadlpt it accordingly putting on the
appropriate sensors and program it in order to lsitewa cat able to identify mice on
the mock-up as well as its master when she touthes

Exploration stageTrainees are introduced in basic programming istaigs and
structures. Groups undertake three activities tradually stimulate trainees to
explore basic programming statements and structofesarying difficulty and
complexity. Each activity poses a specific problat trainees undertake to solve:

- At first they should make the cat able to run aftex mouse and stop when it
reaches a black area (the mouse!). To this endothatic construction should be
extended to include the appropriate sensor for el@m light sensor, whilst it
should be programmed using functions, the loogcaire, and blocks.
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- Then the cat should be able to stop for a whileraa#le a sound when its master
touches it. To this end, the robotic constructibawdd be extended to include the
appropriate sensor for example a touch sensor trengrogram controlling the
robot should be extended to include the conditibacture, and statements like
Display, Sound, Wait For.

- Lastly, the cat should search for mice in an extengrea by moving on a spiral
path. Math block and variables are introduced tghothis sub-activity.

On each activity appropriate worksheets with ingians and information about
specific statements and structures of the Lego MBNIDRMS Education NXT
programming environment are provided, aiming to bémagroups working
autonomously.

Investigation stageThe general problem is analysed in specific qaest Each
group investigates alternative approaches aimirdpt@lop a comprehensive strategy
for the ‘cat’ behaviour. For example, questiond tlare investigated were about the
different strategies that a cat might use in seagcfor mice, ‘How will the cat stop if
it doesn’t meet a mouse? Is this a matter of thekmp design or the specific
construction?’, ‘How the cat will react to differtetypes of obstacles? How does the
cat recognize its master?’, ‘What might be a moW&at if the mouse was a moving
construction?’. Moreover, evaluation criteria foietfinal product are discussed and
determined.

Creation stageEach group adapts the robotic construction(s) dedelops the
appropriate program for guiding the behaviour e&f thice (in case the mouse is also a
robotic construction) based on the strategy dewlagt the Investigation stage.

Evaluation stage-inal products are presented and discussed mapjiesession. All
alternative solutions are examined and evaluatsgdan a synthesis of the criteria
proposed by each group at the Investigation stage.

3.6 Getting data from the environment: the data logger (Italy-Spain)

When the main objective of a project-based actigtio discover or verify a general
law that controls a phenomenon, or to make sontestita on the experiment, one
usually needs to collect lot of data from the reakld. The manual acquisition of
experimental data, though interesting from an etimeal point of view, is subjected
to unavoidable inaccuracies that can compromiséoit@mving analysis.

The NXT firmware permits us to use sensors not dioly robot controlling
purposes but also to get
samples from  such
inputs and to store them
onto an internal file,
subsequently uploaded
to a PC for post-
elaborations. One of the
basic examples we
suggested in the course Fig4. The car Fig.5. The slope and the
curriculum,  presented acceleration
for the first time during
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the training course that took place at Roverety(Jt was the so called ‘data logger’
(DL). The goal of this project is the students tady the uniformly accelerated
motion and to deduce its fundamental quadratic t@tween space and time. The
estimated time for this project is 3-4 hours. Thylouhe_engagement stagidents
discuss about how to ‘ride a bicycle down a slopimagd’.

Because the NXT servo-motors are speed-controbeitds, we decided to use the
natural gravity acceleration in order to apply astant force to a vehicle: therefore
during the_exploration staggudents working with the teacher built a veryencar
on four wheels without motors, equipped with a sosensor to get space data,
leaving the car to move freely on a slope with astant inclination (Fig. 4 and 5).

The program periodically samples the sonar senstpub about the distance
between the vehicle and a fix object, i.e. it setener, opens the data file and then in
a cycle waits the timer synchronization, readssample from the sonar and writes
the time and the sample to the file. The cycle ewtien the distance reaches a
maximum (the end of the straight path of the cahe recorded ASCII file with the
acquired data can be uploaded to the PC usingcifisge¢XT-G function.

Students, through the investigation stasjady the collected data and look for
repetitive patterns. Students are promoted tothditdata with appropriate software,
construct and study the corresponding distancene tables and graphs. Also they
make calculations and graphs of velocity. One efrtfost interesting knowledge that
students should “discover” is that a physical pmeaoon is only partially perfectly
repeatable, due to noise errors and other physiaaturacies (e.g. irregular friction,
sensor precision, etc.). The plotting of the resuwf the repetition of the DL
experiment can convince them (Fig. 6).

Optionally, students
through the investigation ~ The measurements.....

and creation stagemay Distancey
also investigate the i
impact that several . % = e
factors like the wheels, sanpies
the friction, the angle of = sa 4
slope, the loads, may © = i
have on the car motion. T
They may also study o : -
distance/time relation by Lo s B MTimef
using appropriate ~ The theory...
algebraic calculations. J ‘% Av=at
During the_evaluation * A o

stage the acquired data 4
can be suitably displayed . |....-" ool

4 i

and used for a discussion ‘ |
among the students and

the teacher:
to agree with the Fig. 6. A distance —time graph for accelerating motion

evidence of the data
with respect to the expected behaviour, tryingind feasonable justifications to
possible deviances;
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- to deduce laws, constraints, proofs and intuitivos the shared analysis;

- to make a deeper insight in the physical phenomender observation;

- to provide a new awareness which is the basic tondio build new knowledge
with a constructivist teaching/learning approach.

The DL example can be used as a prototype to peréttractive, rather complex
data acquisition experiments with one sensor asal &ith more than one sensor. In
the latter case the reading of samples might bes disy much synchronously as
possible to permit correct correlations among tififerént sensor data. For instance
one could study the correspondence between théiomtaf a motor, measured
through its internal sensor, and the motion of wimle vehicle, measured with the
sonar in case of a linear motion, like in DL exaepbr with a gyroscope or a
compass sensor in case of a rotational motion.

4 Conclusion

In this paper we presented examples of educatimdaitic activities designed within
the constructivist approach of teaching and learnimportant aspects of these
examples include the way they were organized ageqso deployed in different
stages, the underpinning teaching model adopted, #we investigating and
exploratory tasks involved.

Students work with the target learning conceptsediadting broader projects to
work with. Projects should be authentic and presbim a meaningful context. The
way students’ work is organised in ‘working spacésgger the expression of
students’ ideas and the investigation of studgmgssonal questions. The diversity of
the learning outcomes of each task involved, aintkeapersonal engagement of each
student in the learning process.

The sequence of tasks in each project promotesgthdual development of
freedom in students’ initiatives and students’ esgion. During each project a
number of new skills / knowledge are cultivated.isTis done mainly through
activities that engage students in guided researahd experimentations (exploration
stage). The experience gained from these tasks givape to new ideas. A further
elaboration of ideas takes place during classroostudsions and teacher’s
intervention. Consolidation of ideas and self egpi@n takes part during open ended
tasks where students construct their own prodir¢ggtigation stage). So the control
of the learning process is gradually transferresnfthe teacher to the students. The
problems posed by each activity are gradually foanged from close to open ended.
Tasks are initially guided by the teacher but atehd they are controlled by students.

Finally, the social character of each interactigpears to be a very important
factor in each project. The social environmentnigartant for the development of
individual understanding, for presenting final puots and for getting feedback. So in
each project cooperation between groups and betweembers of a group is
promoted.

Our intention was to contribute to the dialog abmumovative teaching practices
within the framework of constructivism. We hopetthe have illustrated some useful
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examples and pointed out some interesting stratetfiat can be useful to other
practitioners in the education field.
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