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EXECUTIVE SUMMARY

Analytical thinking is a transversal learning skill that hedpsindividual excel in
wide areasprofessional, social, civic, and persorag¢spite the usefulness ofan

' ytical thinking throughout anskiliimdi vi dual 6
early life in the context of primary school curricula is not regmnégtive of itsm-
portance.An analysis of school programs in a number of European countries
shows that analytical thinking development lags it@éhneeds in elementary
school. However, the research community agrees that it is crucial to prawide st
dents wih opportunities to develop as analytical and creative think@rsducing
methods for building analytical thinking early in life can help childreffect yp-

on their learning andevelop fundamentdéarningto-learn skills with wide p-
plicability in subjects ranging from science and technologyumanities and art.

The cMinds project addresses this problem and aims at engaging primary school
students in analytical thinking through the application of programming concepts
The proposed analytical thiimg didactical methodologies are based on the o
servationthat programmingenclosessignificant learning challenges and opjpert
nities towara structural and critical thinking practice&nalytical thinking buib-

ing didactical frameworks will be validated practicethroughthe develoment

of a proofof-conceptonline demonstrataio be deployed in the context wider
blended learning activities that embodytteas of inquiry and projectbased

learning.

This report presentsa didactical framework for aytical skill building among
primary school learnerd he presented framework is carefully developed taking
into account past research and field work towards developing critical minds. The
report continues by presenting in detail the design of the jmfecdncept virtual
learning tools that deploy virtual programming concepts. The report closes with a
discussion of endlo-end learning activities built othe cMinds virtual learning
environment as well as guidelines on proposed deploywofetitese activigs in

reallife classroonsettings
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INTRODUCTION

During the last few centuries,ramber of shifts, as far as the nature of our society
is corcerned, have taken placehese shifts affect thekills needed in order for
students to engage fruitfully in the adult society.

Il n 19806s, information was thmnmlB80O6és,in our
a movement forward occurred andhe &6 Knowl edge Societyd e me
knowledge itself, as well as the way according toclhi is managed and applied

wereof great importancéResnick, 2002, p.36). n t odayb6és Ofhe eati ve So
ability to think in analytical and creative ways is of great importance (Resnick,

2007a, p.18). In fact,n a fastchanging world, it is criticalhat people cope with

and work on unexpected probis creatively (Resnick, 2007ahd deafruitfully

with the multiple needi their pespective workplace@oyles and Noss, 2009)

Programming an@nalyticalthinking can be seen as necessary skills tdsvéhis
direction. While the engagement of students in such practices is of goesh-
tional value and importanc@rogramming and analytical thinking activities are
missing from many school curricula. Coupled with thiden such activitiesdo
take plae, theyare not usually designesb that they becommeaningful for at-
dents (Alimisi, 2009; Alimisi and Winters, 2010)

This projectis based on the premisleat elucatioral experiencemustnot prepare

studentsfor a world that is static and pfei x (Ealuéational Broadcasting Go

poration, 2004 Rather, education@xperiencesnustequip studentto deal with

6changes that wi || increase in complexity
which cannot be foreseen at t matiom, t i med (E
2004).To achieve this aineMinds proposes a learning intervention thaplexs

new technologies and uses a didactical framework which buildtsgoiry -based

learning approaches, problembased learning, analytical thinking practices,

collaborative, and projectbased learning.

More broadly, his report aims taescribe the ideas underpinning the development
of the cMinds Virtual Learning Suitas well as the design of the demonstrator
itself. Learning scenarios which enable teachers to desigcational experiences

that encourage the experimentation with programming concepts and problem sol

25/9/2012 Pedagogical Frameworks Report Page8
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ing practices in a playful ancreativeway are also described’he main contrib-

tion of thecMinds projecttowards enhancing primary education learningesx

encess four-fold: (i) to provide students with toothat foster analytical and crit

cal thinking (ii) toencouragéeachers in carrying out learning activitibsit sup-

port studentsd analytical and computational
to provide the participant community with tools for collaboration and comratinic

tion and (iv) to develop a methodological framework that connects learning

theaies andnewtecmologiesto analytical, criticaland computational thinking.

2. INQUIRY- BASED LEARNING

OFrom birth, babies observe fa
they put things in themouths, and they turn toward voices. The proce
of inquiring begins witlgathering informationand datathrough appy-
ing the human sensess e ei n g, hearing, touc
(EBC, 2004)

Despite the factthai i nqu i r y 6 well smbadiedpim huroae actvities and
necessary for making sense of the woilidifcation Broadcasting Corporation
20049, in many school currida this procss is being devitalised or discouraged.
The following sections aim damiliarizing the reader witlthe termof ¢ iquiry-

based | earning6 anerdingtissueslambbate. i nt o f ocus

2.1 The Nature of oniquiry-based Learning6

In contemporary learnintpeories the learner isslec r i baa dctiva learnér of
knowledge acquisitiord (Njoo and Jong, 1993, p.1). The ideas underpiniming
quiry-based learningre well in line with such a notiomquiry-based learning is
an educationaktrategythat centerson 6 aeeking for truth, information, or
knowledge by questioningd (Educational Broadcasting Corporation, 2p04

Though researchers have proposed different definitions of induaryi,(1999 it

25/9/2012 Pedagogical Frameworks Report Paged
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is generally agreethatthe objectives oinquiry- basedeaning (Njoo and Jong,
1993, p.1, Conole et al, 2004are

1 Toaddress an answty aparticular question of a scientific nature

1 To provide learnerswith opportunities to enrich theicognitive bak-

groundby engaging irscientific concepts

1 To engagdearnersin the methodological or scientific processof ad-

dressing answers tacientific questions

1 To encourage the development of tblklls needed forusing scientific

tools, practices and techniques

It is importantto articulate these aims orderto &larify the focus of inquiry
learningpandtoad i f f er ent i ate it from other pedagogi
2009, n.p).

According toEdelsonet al (1999) inquirylearning approachesan take several
forms such usdiscovery, controlled experimentatiomodeling syrthesis of
sourcesgxploration of quatitative dataand more Although each fornsuppors
the development of different skills, it is dominated &yset of four feres

(Conole et al, 2009, n.p). Thefmmtures are described below:

1 Questioning and hypothesis Scientifically oriented questions are-e
ploited for engagindearners in the problem area/ field of inter@Standy
and Duschl, 2007)The engagement is usually the result of the following

two practices:

T For mi ng and rai sing guestions about
worl do, g aandhcarnyingrogpilodstudies andliscove-
ies (de Jong, 2006ited in Conole et al (2009, n.p

1 d&Jaking hypothesis and predictions about natural phenoinena
(Osborneet al, 2005)

1 Adopting an evidencebased approach: An evidencebased approach
needs to be followed in order for learners to developeaatliate explaa
tions and claims. This is a significant procasst can lead to theddres-

ing of answers to the research questions. As Conole et al (BQ9)%tate

25/9/2012 Pedagogical Frameworks Report Pagel0



cMinds 509998LLP-1-20101-GR-COMENIUS-CMP

dearners foreground the adoption of an eviddverged approach to tac

ling an issué

1 Synthesis and metacognition: According to Conole et al (2009, n.p)
Odarners need good metagnitve skills to make sense of their actions
and observations and to be able to link these to the underlying theoretical
concepté The meaningfulsynthesisof scientific practices (methodolag
cal steps undertaken et®nowledge ofscientific conceptand exploita-
tion of the appropriate scientific tools set a base whereuponrcuogtative
skills can be develope(Edelson et al., 1999Conole et al, 20091t is
worth mentioning that such a base can be further enriched allowimg lear
ers to develop frameworksif the interpretation of observations and-di

coveries

1 The nature of gience:In the context of inquinbased learning it is ar
cial for learners to gaian insight of what acientific processs. There is
neither a singlevay of thinking nor a single methodological apprdac
(Osborne et al.,, 2005As Conoe et al ( 2 O0clrBersneedtp) st at e,
develop critical skills to evaluate the epistemologicaklmswhich scie-
tific cl aiTheawhot saentifitgpmass ntinualand cydi-
cal. The cycle starts with the raising of a question, the seeking of answers,
the setting upof a methodological approachnd the ememnceof new
guestions which activate the cycle for a second time (Osborne et al, 2005
cited in Conole et al 2@) n.p

Considering carefully these set of purpoaed featuress of great importance for
the successfutievelopment of learningnvironmentsaand senarios that drawpu

on inquiry-based learning

2.2 Different Types of Inquiry-based Learning Models

The previous section identifiedritical aspects of the inquityasedearning po-
cessbased on literaturélhis sectiorbrings into focus four district inquiry lear
ing models which have been seen to encteséicular aspects of quiry learning.
The discusien is based on Conokt alés work (2009, p.7):

25/9/2012 Pedagogical Frameworks Report Pagell
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1 Peer, collaborative inquiry learning, wheredhe emphasis of the model
Is to facilitate and scaffold learnétsroughtheinquiry procesgConole et
al, 2009 n.p. This model trigges significant learning mechanisms for-
troducinglearre r s i nctioe néttihfei cs wfanyiliariaifgthémh i n ki ng 6

witht he O0hasuouirenoed (Conole et al, 2009)

1 Hypothesisdriven inquiry learning, dvhere the emphasis is on the i
quiry process beginningiith a hypothesis and designing the methods to
prove it right orwrong ( Conol e eThisiawellin jmewith 2 00 9)
t he dédquestioning an desdriyed previblg ésées 6 c har ac

section2.1)

1 Multiple forms of representation, where the modedxposeghe learnes
to data in different formats encouraging thenutaerstandihe relations
between changes in representations and changes in actimisera-
tionsd as well asdhe value of these different forms of representdtion
(Conole et al2009 n.p. The Osynt hecsoigsniandonndetcahar act el

(see sectioR.1) is well suitedin this model

1 Modeling, where the modeallowslearnesto engage in modeling practi
esas part of the process of investigation. Tisisvell in line with the
6adopting-barsedaviapem oa c(@odolecthah 206 t er i st i c

described in previous section (see secfd

N
© 0 % =
. (o) = (B}
Pedagogical 8 < c 9 o o 2 9
2P E 8 ®» 3 & > 3B B ¢ §
features 2 £ 9 o ¢ & 3 £ g %
O T Q &) £ < = £ 04 04
Peer X X X X
Collaboration
Hypothesis X X X X X X
driven
Multiple Re- x X X X X

presentations
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Modeling X

Table 1. Inquiry -basedL earning (retrieved from Conole et al,2009, n.p).

X

X

Table 1demonstrateshe pedagogical approaches that are needed in each of the

four modelsdescribed previouslyThis is not to state that the pedagogicpd a
proaches listegonstitute a comprehensive satd exhaustive sdiut to identify
briefly the minimal requirements fahe application okach model antbo set a
basis whereupothe development of technologpased learning environmergan

bedesigned

2.3 A Focus on the Collaborative, Inquiry-based Approach

It is of great significance tencourage the collaboration among stusl@ntthe

context of an inquirsbased educational experiené®er collaboration has been

reportedto be @

knowledgebuilding in many discipline®(Gobert ad Pallant, 2004)Collaboia-

successful

strategy

for

deepeni ncg

tion is seen to play a cruciaedle in inquiry-based educational experientée | | 6 s

(2001) well-acceptedmocel for inquiry-based learning fallinto the category of

Opeer collabo

root of inquiry(seeFigurel).

ration

Class Theme

Group Inguines

Research

Interpret

Present

[y s I =~

=

Peers «— Collaborative Talk s«—sTeacher
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Figurel. Wel | 6s
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Inquiry in this model is a collaborative issue and consists of three phases: r
search, interpretation, and presentation (Wells, 2011; Conole et al, 2009). The
dialogue among the members of the group in which the teacher is aldeaarcer

plays a decisiveroletaavr ds t he growt h of participants?o

Othermodels (seé&igure2) such as thene onprogressive inquiry alsmtroduce
the notion ofcollaboration as anmportantaspect of inquirybased learningAs
can be seen ifrigure 2, collaborative interactions and exchange of ideetsas
links anmong different phases of inquiry.

Setting up Constructing

Working Theories

Constructing
Deepening Knowledge
Generating < e
Subordinate Questions

New Working Theories

Figure 2. Elements of Progressivenquiry (Rahikainnen et al,n.p.)

In recentyearsmany considerable attempts have been madedos t er st udent so

collaborative skills and teupport with technologicabto | s st udent s 6
andsocial interactios (Rahikainen et al, 199®Rahikaineret al, 200). However,
research shows that it is not easy to achieve collaboration amatgntt. The
fact that studentare being invitedo work collaborativelycannot guarantee cu
cessfulcollaboratve interactios. In other words, ghuping students together does
not mean that alaboration will definitely take placéRahikainen et al, 2001,
Bennett, 1991 In a similar way, digital collalrative environments can foster

collaborative interactions but theyrgaot guarantee their meaningand succes

25/9/2012 Pedagogical Frameworks Report Pagel4
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ful application in the group settir{®ahikainen et al, 2001In this context, éad-

er mediatiorplays a central role in the educational process; the teacher must apply
methodologies and supporting environments in a manner that facilitates actual
student collaboration for the benefit of the entire class.

2.4Educational Benefits

According toprevious researghleducational experiences that aomtedon in-
quiry-based learning can help individuals/students devetoplem solving skis

as well ascritical andanalytical thinking onessuch educational experiencesn

also equip students withdltapacityto provide explanatias) to handledifferent
forms of dataand tounderstandlifferent conceptdrom interdisciplinaryareas
(Conole, 2009Chiappetta & Russel, 1982; Saunders & Shepardson, 1987; Haury,
1993 Tsalgatas et al, 2030

More precisely given thata O c ointnautni ve pr oc ebaseddpras pans i nqlL
tices (Colone et al, 2009)students are likely tdevelop a particular set of skills

needed to communicatdeir findings and to justify their claim&randy and

Duschl, 2007; Colonet al, 2009) Coupled withthis, taking into account that the

management and the manipulatioindata isa key aspect in inquirpased lear-

ing (Colone et al, 2009, n.p) it is likefpr learners to develop skillelated to
analysing,modelling, and visudisation of data using different formatsuchas

tables, graphsjiagrams2D and 3Dmodels).

According to Goodwin (n)pthe educationabenefitsof this practice are not only
for studentsThe meaningful deployment of anquiry-based approachenefits
both students and teachers. Takingpintac count Gowoikwdachér s ( n. p

benefits from inquirybased learning can be summarized as:

1 Participation in worthwhile, hanelsn, or digital educational activities as
scaffolders andctive members of the wioteam O6scaf folndi ngd 1 s &
tific term used in the pedagogics sector referring to thelsegtep buidl-

ing of knowledge in layers

1 Development of knowledgen how to encourage students to become more

active in the learning process

25/9/2012 Pedagogical Frameworks Report Pagel5
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1 Opportunity to obsee/closelynow st udent sdé t habinki ng i s

ity to gahiinstdolreiaersndi ng

1 Engagement in the process of establishing a methodology for addressing

an arswer to a specific problem

1 Opportunity to observe closely how students collaborate and cormateni

their ideas in the context of thequiry-based activity

1 Opportunity to reflect upon the way they collaborate with their students

and communicate their ideas
On the other hand, learner benefits from inquoaged learning can be:
Development otritical-thinking and analytical thinking skills
Active involvement in the learning process

Collaborative spirit through the processaadrking as part ohteam

= == =2 =2

Development of alf-esteem through their contributida the solution of

the prollem

1 Developmat of problemsolving skills that can be applied to other subject

areas

1 Engagement in scientific processes and methodological approaches as well

as encultuattion in scientific communities
1 Knowledge on the management and therjretation of scientific dat

1 Understandingf basic scientific knowledge through deductive reasoning

rather than passive techniques

2.5Emerging Debates

As discussed in earlier sectiomsguiry-based learning experiences are potentially
beneficial for both teacheiseaching and studésd learning. Despite its merits,
the implementation of guiry-based learning is not always a straightforward
process (Changt al, 2003 Tsalapatas et al, 201L.0The obstacle is thimited
appropriate software for inquiry -based learning in school¢Changet al, 2003)

as well as the insufficient scaffolding provided to studémtm teachersFor in-

quiry learning to be more effective, it is of gréaportanceto motivate students
25/9/2012 Pedagogical Frameworks Report Pagel6
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towards explorative practice¢Edelsonet al., 1999 cited in Changt al, 2003,
p.57 Tsalapatas et al, 20180 that to engage in the inquinyith the necessary
enthusiasm and curiositiast, it of great significance to provide students with the
time needed in order for an inquiyased task to be fulfilledlime pressure and
tight deadlines may spoil theature of theinquiry-based experience affecting

negatively the learning outcomes.

There are several educational approachesddmatbe meaningfully connected to
inquiry-based learning. Among the most wigeised are thgroblem-basedap-
proach to learningnd theproject-basedone These educational approaches are
discussed in thollowing sectiors.

3. PROBLEM- BASED LEARNING

The problembasedearning(PBL) approachs not new ineducatiomal setting. It

is one ofmany instructional approaches that situate learning in a meaningful task
aiming at triggering mechanisnigr experiential learningKilroy, 2003; Kilpat-

rick (1918, 1921)Dewey (1938)In the following sections, probleiinased lear-

ing is defired, its relation to theanalytical thinking process is brought into focus

and the educational benefits of such practices are presented.

3.1 Presenting Problem- based Learning

Problembased learning derives from a theory which suggestsditraeffective
acquisition of knowledgéearners need to be stimulated to restructure information
they already know within a realistic context, to gain new knowledge, and to then
elaborate on the new information they have learned, for example by teaching it to
peers or f discussing the material in a group setbifigilroy, 2004, p.411) This

theory was initially described in 190§ Anderson.

According to Kilroy (20@, p.411)problembased learnindocuses more onen-

couragingthe participants towards the following three key directions:

1 The use bself-directed learning skills. Thisieans thaemphasidiesin &
personds abi | askimilaté relevaneirdokmatmm to tackle al
problem at handlKillroy, 2004, p.41)
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1 The analysis o& given scenariadhe formulation and prioritization ddey

learning objectives the context of thiscenario (Killroy, 208)

1 The collection ofadditional informatiorwhich is considered useful fad-

dressng those objectives (Killroy, 2G0

It is important to distinguish between problembased learning angroblem

solving practices Problemsolving practices usually end when the task im-co

pleted andhe problem is solved. Howevegsroblembased learning godseyond

just solving a problem. It additiorglincludes steps of reflection upon the Ipro

lems. Such steps may activate a second stage where other approaches (optimal or
more efficient) for solving the problem are considerdde following flowchart

(Figure 3) presents problerbased learning as a prosehat embodies problem

solving-practices and processes of reflection and debriefing.

Ideas, priorknowledge, leaming issues
p o= g

|dentify problem |  Self-directed leaming

| l

na

Group discussion

YES

L 3

na

Problem saolving [/ decision

l YES

Presentation

!

Assessment - Debriefing , interaction

l

Final Solution

Figure 3. Flowchart of Problem-Based Learning(Awang & Ramply, 2008, p.
19).

Based on the above figure, probldrased learninghcludes four phasesproblem
presentation, problem investigation, problem solution and process evala-

tion (Awang & Ramply, 2008) Throughthese phasestudenté mot iorat i on t
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wards the improvement ofieir reasoning abilitied the context of a given pbe
lemis raisedKil lroy, 20Q1).

The nature of the problerntypically addressed to students another issue that is
worth bringinginto focus According to Awang and Rambl{z008 p.19) the
problemcanbe @ realworld situation, complex and op@mded that will cha
lenge highetorder thinking, creativityand synthesis of knowled@dn the fd-
lowing sectionemphasis is laid oandytical thinking practices frequentlyem-
bodied in the problersolving processThis chapterconcludeswith the edua-

tional benefits othe problembased learning experiences.

3.2 Analytical Thinking Processes Embodied in Problem Solving
Practices

Analytical thinking processes apart of problerrsolving practice (seeFigure4).
Analytical thinking revolvesaround the process ofrdaking downa complex
prodem, identifying the keycomponents othe problem and interactingmean-
ingfully with the severatonstituentparts of the problenThe skillsthat are pre-
ticed during this procesae considered to be of great importance foretffective
developmenbof | e a r wider psoblemsolving skills and inquirybased expér

ences

poemmm-- » Problem  f----oo-- |

--»  Solution Hypothesis

boooeeeed Analysis - - Facts DR

Figure 4. Analysis is Embodied in the Problem Solving Rictices.

Analytical thinking has many definition&mer (2005, p.1) definethe analytcal

thinking process as O6a power ful t hi

situation. Moreover, Amer (2005,) def i nes anal ytical
scrutinize and break down factsandhhoug ht s 6. Pfacusssmaord om

the nature of this process and its characteristitufea. According to Parselle

(nd,np6anal ytical thinking is focused,

(n.

nki

t hi
d1

sharp
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time, contains time, is deconstructive, contains no perspective, is subjesiro d
entation, is brain centred, and tends to th

3.3 Educational Benefits and Debates

Problembased garning has the potential o$upporing students in developing

creative and analytical thinking skilégplicable ininterdisciplnary areas (Awang

and Ramply, 2008)Through problerbased approaches learners can develop the

ability to switch betweendifferent roles. As Awag and Ramply (2008, p.19

state even though students engage in sifected learning througRBL [prob-
lem-basedlearnng], they regularly convene to share, evalyatel critique each

ot herdéds work during the group mereting. The
flicting goals and values, work with constrairaed determine the most appropr

ate action to tak® Accordingto Amer (2005, p.1)through analytical thinking

pradices, which areften embodidin problembased experiences, it is likely for
students to develop O0the capacity to think

problemsanalyzedatgandb use and recall i nformationo.

However,delivering problembased experiences anclassroom settingequiresa

certain degree afarefulnessSimilarly to the inquirybased learning geriences,

problembased ones arengthy by nature It is of great importance to provide

students with the necessary time to work on ghen problens (Awang and

Ramply, 2008) Tight deadlines and pressure affect negativbly educational

dimension of the pramss and dsour age t he st urdteerptds 6 encul t u

lem-solving practic§d Awang and Ramply, 2008)

4. PROJECT- BASED LEARNING

Projectbased learning as a method of teaching and learning is mainly based on
contemporary learning theories according to which knowledge, thinking, ,doing
and the contextfor learning are inextricably tieflrsalapatas et al, 2010)n the
following sections the theoretical backgroauaf projectbased learnings de-

scribedand the educational value of this gree isbrought into focus.
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4.1 Theoretical Background

Projectbased learning is proposed as a teaching and learning strategy and met
odology (BIE, 2003) that engages learnersustained, cooperative invegtion
(Bransford and Stein, 1993) and includesh&ntic content, authenticsessment,
teacher facilitationbut not direction, explicit educational goals, labbrative
learning, and reflection (Han and Bhattacharya, 2001).

Projectbased learning is based on pedagogical ideas coming from J. Dewey and

certain constructivist perspectives (Han & Bhattacharya, 2@@tprding to

which knowledge, thinking, doingnd the contexts for learning are inextricably

tied (Tsalapatas et al, 2010Yhe deas of constationism (Papert 1993such as

learner as active builder of knbwe d g e , engage mademphash O hard f
on artifact creation arealso seen to structur@rojectbased learning (Han and

Bhattacharya, 2001 ollaborative interactions are also part of this process given

the fact that darning isconsideredas a social activity where community spirit

dominateqdBIE, 2003. Within this theoretical context learning is seen as a social

process where the students relate to one another, work collaborasimdlyaon-

municate their ideaim order to cormplete their tasks.

Knowledge constructiotakesplace through piectsthat invite students tore

gage inan active and reflective inforrtian seeking procesfuring this process

the teacher acts as Oscaffolderd and not a
as thenature of projects is concerndtieseare longterm activities bring together

ideas and principles from a number of subject areaarning througtprojed-

basedexperiencess a complex challengingand demanidg activity for teachers

and studentésee alsd'salap#as et al, 2010

4.2 Educational Value

One objective otMinds is to provide better insight on how students work on
knowledge construction in different activities and learning environments. Rroject
based learning is a model for classroom activity that shifts away from tle clas
room practice®f short, isolated, teacheenteredessons and instead emgizes
learning activities that are lortgrm, interdisciplinary, studergenteredand ine-
grated with realvorld issues and practiséTsalapatas et al 2010Projectbased

learning helps mak&arning meaimgful to students by establishing connecsion

25/9/2012 Pedagogical Frameworks Report Page?1



cMinds 509998LLP-1-20101-GR-COMENIUS-CMP

to reallife, addresmg reatlife problems, and deveabng reallife skills. Project
based learning sipprts learners to develop a variety of skills including the ability
to communicate their ehs takethoughtful decisions, take initiatiseand engay-

ing in problemsolving practices.

In the classroomprojectbased learningrovides many unique opportunities for
teaclers toestablish relationships with their studerteachers arehallengedo
change their role from coach scaffolder and to that to dearner Teachers are
not a solesourceof knowledge and information baictive membersf the work
teamSt udent sd& panddarks setsa basd wreredpaen discussion can
take placeThis procesgan potentially lead to importamducational explorations

and outcomes and can activate new learning cycles and processes.

5. BLENDED LEARNING APPROACH

Blended ¢arning can combine the positive aspectslassroorrbased learning,
digital learning enviroments ande-Learningpractices(Bonk & Graham, 2006).
However, some experts are now taking a broader wvibnch goes beyond -e
Learning and classoms; as McSporran and Kin@Q02, n.p) explain dlended
learning is a mix of delivery methodkat have been selected and fashioned to
accommodate the various learning needs of a diverse audience in a varidty of su

jects. This method can include any combinatioh @& &ny delivery methods .

In the frameworkof cMinds project Mc Spor r an (2002)bro&derrvignd s
are extended tintegrate in-class instruction, projectbased learning, online
work, and class collaboration More precisely, a blended learning approach is
implementedn the context of whicimultiple mehods that derivérom the lean-

ing theoriesdescribed in the sections aboaee meaningfully combined together
in support of the objectives of tlwdlinds project. Online and classroom instcu
tion are being further enrichedwith inquiry-based pproaches to learning, fdre
lem-based praates, analytical thinking tasksalls for collaborationand project

based educational experiences.

Section9 provides details on the wag which the blended learning approach
implemented in the context of tledMinds project. Before dwelling into this ds-

cussion Section6 focuses on the role that programming playghe context of
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this project, &ction7 aims at pesenting related work in the area of analytical and
creative thinking and Sction8 presents basjevell known algorithmic appro&e

es for solving problemd he information embodied in the next sections is theore
ically important for the design of tleMindsblended learning approach.

6. WHEN IT COMES TO PROGRAMMING/ICT

Thephr ase é@addadmputierst r uct i aaeitGationwhenested t o des
dents are instried by a computer(Papert, 1993, p.5). Howevarew trends e-

couragethe opposite praice (Alimisi, 2009 i nst ead of O6computers be
program the childbé, oO0the child to program t

0lt has of t epersdan doesnotseally uhdetstaral somathimg u

til he teaches it to someone else. Actually a person does not really understand

something until he can teach it to a computer, i.e., express it as an algorithm.

[ €] The attempt t o f oeade#laimach deepaniungs as al
derstanding than if we simply try to comprehend things in the traditional

w a yDbnald Knuth (1974, cited in G&lzer and Harell998, p.82)

Programming is o6one of the most widely pr a
and Lehre, 1987)which enablegommunication between users and the computer

providing great opportunities for significant learning outcomes (Papert, 1993).
Neverthelessthe engagement of students in introdugtprogramming courses

seems to be a painful procdss many studentGuzdial, 2003; Alimisi and Wi

ters, 2010) Research shows that students face difficulties in understanding the

algorithmic way of thinkingand often make serious programming eri@tmisi

and Winters, 2010, Doukakét al, 2007; Solowgt and Spohrer, 1989).

6 Whdp novices encounter difficultiesn understandinghe algorithmic way of
thinking?Various studies have been carried outiagnat exploring this issuésee

i.e Soloway and Spohrer, 198Guzdial, 2003; Alimisi, 2009%-lorou etal, 2010.

The inappropriatenental models and the inadequate support of these through the
various programming environments as well as the nature of activities which is
usually overextended from mathematics can be seen as sources of misconceptions
which lead to programming difficulties (Solloway and Sporher, 1980zdial,
2003;Alimisi, 2009; Alimisi and Winters, 2000
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In addition, field research in Greece, Sweden, the Czech Republic, Romania, and
Norway demonstrates that teaching programming is nodtipeal in primary
schools in Europe (please refer@@.1 ThecMindsLearning RequirementseR

port). ICT skill development is limited to building basic skills on using computers
including the usef popular software such as text editors, spreadsheet manager

image processors, and Internet browsers.

The cMinds project aims at dealing with such problem areas by develaning
online learning environment and the necessary learning activities and scenarios
for supporting studenbsnalytical and algorithmic way of thinking. Programming

in the comext of the cMinds project is seeras a vehicle for triggering learning

mechanisms towards analytical and critical thinking.

7. PROGRAMMING ENVIRONMENTS FOR CHILDREN

This section presents sorpepular programming environmerdad toolshat aim
at supporting students in developing algorithmic and analypeidwaysof think-
ing andencourage them to explotbe area of programming in a creative way.

Scratch Cruislet ToontalkandLego Mindstomsare among téseenvironments.

Programmingenvironmentdargeting childrershare one thing in common: their
design draws upon th@Papertian theoy(Papert, 1993). file Papertian Theory
(Papert, 1993jocuses orthe ideas of learning by doing, learnibyg designing
and learningto-learn.In the Papertian Theory techogly is seen abuilding na-
terial for implementing tasks and carryiogt longitudeand interdisciplinaryro-
jectsthat are meaningful to student&he final projectis the result of aonstruc-
tionist approach where imagining, design, shannethods and refleting are
combinedin the context of the learning proce@apert, 1993; Resnick, 2087
Resnick 2007pStager, 2005)

7.1Scratch

The Papertian ideas (see Papert, 1993) structure the programming environment of
Scratchba net wor ked, media rich programming e
and cr e aftlomg Kindeygartér_LGroup at MIMedia Laboratory in ce

laboration with Yasmin Kafla6é s g r o u p Maioheyeudl ROO® p.367).
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More preciselyPapert 6s t heomoyni ein @ oadrsdi feuansd ohfa véeh
influenced Resnick and his Lifelori{jndergartenGroupin developing technol

giest hat are oOoplayful bleatnersain sertous.esustaigethe t i me e
and challenging expl 0.rThetPapertias @eaf(d&Eps-s ni ¢ k , 20
temological Pla al i s mé st r uc tasustudents ard povidedBwith at c h 06
range of represertianal tools,such as graphics, sounds, media, programming
conceptsandtools for desigimg, which can suppordifferent learning styles and

preference8 ( Al i mp.2gi , 2009

Scratch was designed to enhancecydt he devel
afterschool catres in economicalsjd i sadvant aged coenajuni ti esdo |
2003, n.p)Actually, Scratchis an enwionment for novice programmersgaims at

providing them with opportunities to develop themselves as designers and inve

tors (Resniclet al, 2003).It focuseson 6 medi a mani pul ationdé and
development of programming projects that are meaningful for young people, such

as Othe creation ofandnimaetecdctsiNMaei s €S g ama
loneyet al, 2008, p.367Alimisi, 2009.

program

Figure 5. Characteristic Assets from theScratch Programming Environment

(retrieved from http://mit.edu/scratch ).

The main aim of Scr at cimaginevhat tbey wamtdoco ur age st
design, tocreateprojects that fall into their field of interest, tearn in a playful
way, to sharetheir Scratch projects and ideas with other users by using the

Scratch forum, taeflecton their expegnces,and to activate againithcreative
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learning process by generating new ideasdoa# si gni ngd6é ( 29.i mi si ,
For more details the reader is encouraged visit Scratch official site:

www.scratch.mit.edu

7.2ToonTalk

Toont abdoeralpaur @ se concur r en twhigh has eera mmi n g
based on the prase that animation and computgames have the potential to

make programming less complexnda more interesting process (Kahn, 1995).

Thus, the source code of ToonTalk ismaated and the programming environment

is a video game (Kahn, 1995). The fundamental idea that dominates ToonTalk is

the replacement of every computational abstraction with familiar, concrete met

phors (Kahn, 2004). As Kahn explains:

o[ . . . ] a a otyppnuattigetobjextnor agent is a house, birds carry
messages between houses, a method or a clause is a robot trained by the user

and so on. The programmer controls a

20

Sy

opr

world to construct, run, debugnd modifyprg r ams 6 (1995, p. 243)

Figure 6. Characteristic Assets ofthe ToonTalk Programming Environment

(retrieved from www.toontalk.com).

Students manipulate animated characters, such as boxesatksttpucks and
robots, and they implement their programs (Kahn, 2@0inisi, 2009, p.118).

The behaviour of an object is determined by the rules that the programmes create
for it (Kahn, 2004). Toondlk engages studentstime credive process obuilding

models. Selteaching charactersre usedor construcing video games andxe
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ploring a range of mathematicabut not only mathematicalproblems (Kahn,
2004; Kahn, 1995Alimisi, 2009. For more information the reader is encouraged
to visit the Toontalk official sitewww.toontalk.com

7.3 Cruislet

Cruislet is a virtual B environment basedn Geographic Information Systems
(G1S)technology andhe Logo programming language (Alexopouletal, 2007).
Alexopoulouet al (2007, p.3) explainsdtiis designed for mathematicaitiriven
navigations in virtual 3Dgeographical spaces and is comprised of two ieterd
pendent representational systenss tlefining a displacement in 3§pace, a
spherical coordinaté d , , dnhd a geographical coordinate systgatitude, Imn-
gitude, heighth

Through Cruisletusers are given the opportunity to explore mathematical co

cepts, programming conceptnd geographical issu¢alexopoulouet al 2007

Alexopoulou andKinigos, 2008. The dGobjteoc t hi nk wdrda hd ( Pape:
airplaneswhoseflights arecontrolled by the users according to a variety of poss

ble scenarios. Cruislembodies a combination ghmebasedearning, manipu-

tion of reallife datg and refection upon construction.

ovatar | Conteres | Loge

Mgt DAddieda Avalimen  Legs Dodloa

to crestion

atar (¢ (first] 37.9 23,7 10001
akar (* second| 37.9 23.7 1000

o=1000)

flight (39,2 33.9 10000)
lsetupcanera(14000 0 -67 -41 Q)

>

e perition 39, LEQOOOD0000000S

Figure 7. Screenshot fromthe Cruislet Programming Environment (retrieved
from http://remath.cti.gr/).
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7.4 Lego Mindstorms

Lego Mindstorms is a populaobotictechnology for engaging students in amaly
ical and algorithmic thinking in an explorative and tangible Wshartin 2004;
Berset al 2010) The dudents are invited to contrtthe robotsandto regulate

(@}

ther behavior so as tgperforma varietyof operatims. The r obofitted can be
with gears, sensors which control motorsch r eact to | {faght, sound
more details see http://mindstorms.lego.conrgbrdefault.aspx).

Many studies have been carried out aiming at evaluatingutemes oexpcs-
ing studentdo learning experiencegesignedwith Lego Mindstorms (Alimisiset
al, 2007; Papanikolaou and Frangou, 2088misis et al, 201D as well as with
other control technologies (see for instance work done by Bers et al 20&8p
studiesdemonstratd that therelatedlearning interventions aroused studénis
terestand helped thenbuild knowledgeand gain understanding of abstraceph
nomena(Alimisis et al, 2010. As Berset al (2010) points out control technoi
gies can heltudents developomputational thinking skills, engage in scientific
practices, and gain an understanding of the way the humaale world has been

constructed

Recent research foceson the development of teaching material and resources to
facilitatethe design oéducaional robotic interventionby teachergor thebenefit

of their class. This work helps teachetsliver educational robotic activitiem a
school settingBers et al, 201ers et al, 2002; Alimisis et al 2002

Figure 8. Lego Mindstorms Robot
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7.50ther Programming Environments

In addition to the popular ScratcA,oonTalk, Cruislet and Lego Mindstorms,

other considerable tools and learning environments are available and have been
used successfully in practice with studerds the development oélgorithmic
thinking skills in a playful way;(i.e Cricket (Resnick, 2007aResnick 2007h

Alice (Cooper et al, n.d AgentSheet$Guzdial, 2003 andmore) Briefly:

Crickets aresmall programmable deviaggen which lights, motorsand sensors
can be fitted. The students are called to compose a script and to creatéhitings
Gpin, light up, and play mudgic (for more details see:
http://vimeo.com/user1562133/vidgoDuring the proess of the creation, the

childrenare likely to engage in mathematical, scientific and computational co
cepts while developing their creative and artistic skills (for more details see
http://llk.media.mit.edu/projects.php?id=1942

Figure 9. A Cricket Creation (picture retrieved from
http://discoverychange.pbworks.com/w/page/178861 AN riters%27%20Wor

kshop).

The Aliceisban i nnovative 3D programming environt
create their own interactive animated stories, interactive games, narraties

videos (Cooper et al, n.d)The Alice programming environment is arcellent

tool for introdwcing students in objeairientedprogramming. As in the official

site I's mentioned, Al i-anddrop mterface 3aBl gr aphi cs
tate a more engaging, |l ess frustrating fir:

retrieved fromhttp://www.alice.org/). The programming environment does not
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stand alone; teaching supporting material and education content for students is

also available in public.

Figure 10. The Alice Programming Environment (picture retrieved from

www.alice.org).

AgentSheetss an agenbased simulatio@uthoring tool that allowusers to -
ate their own interactive simulatioasd gamegxploring mathematical and eng

neering ideagGuzdial, 2003) The creations can be shared online as Java applets

fostering the collaboration and the reflection among the AgentSheets users (i

formation retrieved bttp://www.agentsheets.com/products/index.Html

.

LS

Figure 11. Screenshotdrom the AgentSheets Programming Bvironment

(retrieved from http://www.agentsheets.con)/

25/9/2012 Pedagogical Frameworks Report

Page30


http://www.alice.org/
http://www.agentsheets.com/products/index.html
http://www.agentsheets.com/

cMinds 509998LLP-1-20101-GR-COMENIUS-CMP

8. FOUR BAsIC ALGORITHMS

Algorithmic thinking is the basis behind teaching programming towards analytical
skill development. Algorithmic thinkig encourages learners to breddwn a
problem to very specific steps towards establishing a solution. A computestca

be useful for solving a problem unless an algorithm is introduced in the form of a
program. The highly structured and precise nature of an algorithm promotes the
development of critical and entrepreneurial minds in the context of technology
educationscience education, mathematics education, and other subjects.

According tolLevitin (2002) Glgorithms have come to be recognized as the co
nerstone of computirigand as vehicles for solving prédms. Given the impe

tance of algorithmic thinking towardghe developmentof analytical thinking

skills the next sectionfocus on well acceptealgorithmic modelsEach type sg-

gestsa different way of working with data in order for a solution talisovered

These models act as the theoretical backgrdundr t he sel ection of
learning activitiesto be introduced into the classroom for educational purpgoses

the context oftMinds This method tieproposedcMinds learning activities to
problemsolving theory; howevein the final outome heory will betransparent

through ageappropriate, graphical intexcces that hide computational complexity.

8.1Brute Force Algorithmic Technique

Brute force is an algorithmic technique in which a number of solutions arel-deve
oped and each is tested for a@my and effectiveness based on theqefned

project objectives.

According toLevitin (2002) this algorithne approach is a straightforward one
andcan be applied to a wide variety of problems. L L&yitin (2002) states, brute
forceis such ageneral aproachthatit is difficult to point out problems icannot

t a c Khiseafyorithnic methodaddressegeneral arithmetic tasks such asmeo
putation of the sum of n numbers, identification of the lsrgéement in a list, the
additionof two matricesl(evitin, 2002, as well as for the weknown and sigrfi

icant problems of sorting, searchirajdmatching Levitin, 2002.
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8.2Divide-and-conquer Algorithmic Technique

Divide-and-conquer is a well-known algorithmic methodaccording to which a

problemispartii oned i nt o 0a -problehsesuallyofthesamal | er sub
kind and ideally of about the same $ideevitin, 2002) It is then easier to address

a solutionto each sub problem using either simpler algorithmic techniques or

working in arecursve way (Levitin, 2002).Levitin (2002) brings into focus Bén

l ey6s (19 9r8)nteresting &pplicatiors afivide-andconquer algo-

rithmic technique ardiscussed. Mergesort, quicksahdSt r assendls mat ri x n
tiplication areidentified byLevitin (2002) amonghe most popular applications of
divide-and-conqueralgorithmic solutiongfor more scientific details, thare out

of scope of this review see also

http://www.cs.princeton.edu/courses/archive/spr07/cos226/lectures/04MergeQuic

k.pdf as well asttp://ace.cs.ohiou.edu/~razvan/courses/cs404/lecture])2.pdf

8.3 Decrease-and-conquer Algorithmic Technique

In simple wordslecreaseand-conqueris an algorithmic method in which a sel
tion is sought to a problem with an initial small sample of input data. The solution

is tested for validity with an incrementally larger sample.

Many researchers in the field considie decreas@ndconqueralgorithmic tet-

nigue as aase ofthe widerdivide-andconquerapproach(see section 8.2). This

understanding is describefdy example in the workexecutedoy Neapolitan and

Naimipar (1996) However,t hi s report adopt svieWect i vi nés (2
cor di ng ittisonorevappraptiate, drom theoretical, practieald especially

educational points of view, to considdivide-andconquerand decreasend

conqueras two distinct design tecigues .

This algorithmic t echnibgredecingitsinstaedo t o s ol Ve
a smaller one, solving the latter (recursively or otherwise), and then extending the

obtained solution to get a solution to the original instariceyitin, 2002, np). In

this way, an attempt i's made to simplify t
of an instance Leytn 2002).duoestd tlasract this éechhique 6  (

i s al s o sikplifcat n dBradsaéd, 1988; Brassard, 199@isertion sar,

binary search, multiplication | a, amdEilsosaeci search are few exampies

which decreas@andconqueris applicable (Levih, 2002).
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8.4Transform and Conquer Algorithmic Technique

This algorithm is named after # idea of transformation that dominates it
Levitin (2002) identifes several cases of this algorithmic technigU¢hile the
detailed discussion of this technique is out of scope for this report, following is a
discussion othree example applications of transform and conagisplification,
representation changand preconditioning

In6si mpl idprobler iso rsaby firse tcansforming its instance ta-a
other instance of the same problem (and of the same size) with some spgeial pro
erty which makes the problem easier tovedl Among the applicions of this
method are the algorithms @bre-sorting (e.g., for finding equal elements of a

list), Gaussian elimination, and heaps$ort

The secondapplicationis called@ e pr e s e nt a Adcarding tollewtin g e 0
(2002)this tetiniqueis based ora transformation of a problem's input to & di
ferent representation, which is more conductive to an efficient algorithmie sol
tiond Example applications of this algorithmic approachk search tresghasling,

and more.

As far as preeonditioning is concerned, Lewuiti(2002) explainsdhe idea is to

process a part of the input or the entire input to get some auxiliary information

which speeds up solving the probl@rkExamples of this approadhclude dhe
Knuth-Morris-Pratt and BoyeMoore algorithms for string matching, Winograd's

matrix multiplication, and deer mi ni ng a n devsirt, 2092; Bras- a tr eeb
ard, 1996, p.293)

9 THE CMINDS INQUIRY-BASED DIDACTICAL FRAMEWORK FOR

ANALYTICAL SKILL DEVELOPMENT

cMinds aims at the development of analytical thinking skills among yourlg chi
dren in primary education through emerging explorative and collaborative lear
ing approachexMindstakes advantage of visual programming concepts towards
building structural and crital minds in the context of collaborative problenmvsol
ing. Virtual learning environments that promote problem deconstruction amd sol

tion synthesis and visualization will lakeployedin the context of wider blended
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learning activities that take existingstnuctional practices a step further through
the integration of technology in the learning process.

In the context ottMinds blended learning combines-class lectures, ofline
experimentation, and class collaboration towards collective knowledge bdH
ing in a group of learners and their teacher Figure 12 demonstrates blended
cMindslearning design.

cMindslearning activitiesaim toenrich existing welldeveloped @ucational pre-
ticesby taking them a step further through blended learning approachesethat d
ploy virtual applications This learning design choice distinguishes théinds
tools from offtheshelf packages for independent use, for example, at home.
cMinds learning activities are #ine with ET20200bjectives on the development

of transversal competencjescluding learningio-learn, entrepreneurial thinking,
creativity, and digital literacythat are applicable independigndf subject such as
digital competence, analytical thinking, working in groups, independent learning,

and more.

Educatioral Wirtual Tools Existing School
Objectives Practices

g ¥ e

End-to-End
Learning Activities

=S N

| |

i ( 3 Virtual ]
S Exploration (J
[_ Class Class |

~ Instruction Lullal:-:uratlclp

™
et

S LK

Biended Learning Design

School Delivery

]
e
] Learners

Figure 12. cMinds Blended Learning Delivery Approach.
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More specifically, the proposed didactical framework uses inquiries, preblem
based, and projedtased approaches to help learners:

Identify the objectives of a problem
Identify input parameters
Experiment with and analyze alternative implementation solsti

Visualize the outcomes of a particular implementation route

= =2 = -4 -

Select the desirable lsion from a pool based on specific indicatoes r
lated to the problem objectives, as for example speed, cost, and more

Figure 13 below demonstrates how problem deconstruction, experimentation,
visualization of potential solutions, and selection of a final outcome based on

comparison and class discussion is introducedMinds didadical process e

sign.
Definition of L=
L Ll'.-'":\d_"l
Objectives In-class A
— Disn:Lssin:un|' |—] P
——— WVirtual -
Wirtual Exp erimentatior] { Common \
Learning Tools Learning School Network . OLtC'I'I'ﬂ'iE,-'
Visualization - C
P L I _
— e T
Y Lr'l'a._'

End-to-end

Learning
Activities
=

. K b T =

Comparison ) [:]_]

Exploration Colaboration
DIOramoe

Figure 13. Analytical Thinking Skill Development through Problem Decm-

struction, Experimentation, Visualization, Synthesis, and Collaboration.

The figure further shows how collaboration among participasicigools in the
cMinds educationalnetwork contributes to expanding learning experienaes b
yond the classroom and potentially across borddrs.development of joint du
comes that are the result of class and school collaboration contribute to building a
community spirit, to developing sedfsteem, and to collective knowledge deve

opment.
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10. DESIGN OF THE CMINDS VIRTUAL LEARNING ENVIRONMENT

FOR BUILDING ANALYTICAL THINKING SKILLS AMONG CHILDREN

In this section we will describe the idea underpinning the desighe cMinds

proofof-conceptdemonstratorthat validates in practice the proposed inquiry

based learning framework for analytical skill building through the deployment of

programming concepts

The purpose of the demonstrator isritroduce an environment in which chil-
dren learn through experimentation, applying programming concepts o-
wards building analytical thinking skills. The demonstrator takestep-down
approach that guides children through tiséep-wise solutionof a problem from
the begnning to the end. To achieve this objectitlee demonstrator starts by i
troducing children to basic programming concepts, thiéws them to explore

the solution to a wide range of logical problems through visual programming, and

concludes bgnablingc hi | dren t o compare their so
Section9 describeghe basic areas of the cminds learning suite. Seé&ioor!
Reference source not foundbrings into focus the way the cminds consortium
reached the final design layout of the programming &eetionsl0.3 10.5focus
on the tutorial area and the embodied learning actvitie
10.1 Overview of the cMinds Virtual Learning Suite
In brief, thecminds learning suiteonsists of the following learning areas:
1. A tutoring environment, which corresponds to haiaaspractical training
with the function of specific programming constructs
2. A handson virtual exploration environmentwhich is followed by the
robot phaseenvironment; they both constitute the actual atfplacesor
exploring programming concepts, addressing solutions and practicarg an
lytical thinking skills.
3. A visualization and comparison of solutiongenvironment, where results
of a childbébs programming efforts
visualized and compared
25/9/2012 Pedagogical Frameworks Report Page36
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A graphical menudeeFigure 14) available in each screen of tbklinds Virtual
Learning Suitérings all these areas together.

selection of the
activity and level

assignement &
memo zone

hands-on zone

robot- phase

CO]“I)&I‘J..SOH zone

Figure 14. The Main Menu of the cMinds Learning Suite, Leading to the T-
torial, fARoboto / Analysis, and
The demonstrator deploys programming constructs that are serially combined
through images in a widely graphical interface that is based onatdrop
functionality. The cminds learning suite is availablesavenlanguages: Greek,
Swedish, Czech, NorwegiaRomanian, Frengland Englksh. The language sate

tion screen is the start point of tbilinds Virtual Learning SuitéseeFigure15).

>~

Comenius action of the Life Long Learning Programme, project 509998-LLP-1-2010-1-GR-COMENUS-CMP @Copyright 2011 dMinds

Figure 15. Selecting Language and Activity
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After the selection of the language, the user is called to select a logic problem to
work with (seeFigure16).

Tutorial

5]
]
(3]
e
0]

Figure 16. Screen for the Selection of an Activity.

The learning suite includes seven logical problemslding the tutorial area).

Theuser is encouraged to start first practicing the tutorial area.

The following sections descrilibe idea underpinningach learning area of the
cMinds virtual learning environment, namely: selection screen, memo zone,
handson, robot phase and comparispane. The award system will be alsa-di

cussed.
10.1.2 Selection of Problem and Level

After the selection of the language the user is called to select the problem and the
level. Eight activities (including the tutorial area) are available. Next to each a
tivity there are series afumbers From bottom to toppumberone is for level
one.Numbertwo is for level two. In a similar way, the third and fourlimbers

is for level three and four. The fiftlumberis for the most advanced level.

The user first cliks on the activity and afterwards selects the level by clicking on

the corresponding number (déigurel7, Figurel8).
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Tutorial

selected activity

Friezes

__ selected activity

Figure 18. Selection of level 2 ofthe Friezes Activity .

The user is encouraged to start hiséucational journey from the Tutorial area.
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10.1.2 The Memo Zone

Once the activity and the levlhve been selected, the usan move to memo
zone(see stefrigure19). In the memo zone, the user has access to the description

of the level/problenfseeFigure20). The user is also provided with space to type
down his/her personal notes regarding the problem. The teacher can guide this
process in accordance to the learning aims that he/she has set. This space can be
used for typing down the dati@rmini, criteriaand parameters of the problem, for
identifying the desired outcome, for anahg thecomponent®f the problem and
documentinginitial ideas, rationaler even problems that occurréthe use of

the digital mem aims at helping students recognize thdouer aspects of the
problem and reflect upon the nature of problem itself.

The main menu is always on the top right side offering access to all the areas that

are included in the learning suite (3$&gure20).

Figure 19. The Button to the Memo Zone
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