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EXECUTIVE SUMMARY  

Analytical thinking is a transversal learning skill that helps an individual excel in 

wide areas, professional, social, civic, and personal. Despite the usefulness of ana-

lytical thinking throughout an individualôs lifetime, development of the skill in 

early life in the context of primary school curricula is not representative of its im-

portance. An analysis of school programs in a number of European countries 

shows that analytical thinking development lags behind needs in elementary 

school. However, the research community agrees that it is crucial to provide stu-

dents with opportunities to develop as analytical and creative thinkers. Introducing 

methods for building analytical thinking early in life can help children reflect up-

on their learning and develop fundamental learning-to-learn skills with wide ap-

plicability in subjects ranging from science and technology to humanities 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 thinking didactical methodologies are based on the ob-

servation that programming encloses significant learning challenges and opportu-

nities towards structural and critical thinking practices. Analytical thinking build-

ing didactical frameworks will be validated in practice through the development 

of a proof-of-concept online demonstrator to be deployed in the context of wider 

blended learning activities that embody features of inquiry- and project-based 

learning. 

This report presents a didactical framework for analytical skill building among 

primary school learners. The 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 proof-of-concept virtual 

learning tools that deploy virtual programming concepts. The report closes with a 

discussion of end-to-end learning activities built on the cMinds virtual learning 

environment as well as guidelines on proposed deployment of these activities in 

real-life classroom settings.  
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INTRODUCTION 

During the last few centuries, a number of shifts, as far as the nature of our society 

is concerned, have taken place. These shifts affect the skills needed in order for 

students to engage fruitfully in the adult society.  

In 1980ôs, information was the force in our economies (Resnick, 2002). In 1990ôs, 

a movement forward occurred and the óKnowledge Societyô emerged, where 

knowledge itself, as well as the way according to which it is managed and applied 

were of great importance (Resnick, 2002, p.36). In todayôs óCreative Societyô the 

ability to think in analytical and creative ways is of great importance (Resnick, 

2007a, p.18). In fact, in a fast-changing world, it is critical that people cope with 

and work on unexpected problems creatively (Resnick, 2007a) and deal fruitfully 

with the multiple needs in their perspective workplaces (Hoyles and Noss, 2009). 

Programming and analytical thinking can be seen as necessary skills towards this 

direction. While the engagement of students in such practices is of great educa-

tional value and importance, programming and analytical thinking activities are 

missing from many school curricula. Coupled with this, when such activities do 

take place, they are not usually designed so that they become meaningful for stu-

dents (Alimisi, 2009; Alimisi and Winters, 2010)  

This project is based on the premise that educational experiences must not prepare 

students ófor a world that is static and pre-fixedô (Educational Broadcasting Cor-

poration, 2004). Rather, educational experiences must equip students to deal with 

óchanges that will increase in complexity throughout their lives and many of 

which cannot be foreseen at this timeô (Education Broadcasting Corporation, 

2004). To achieve this aim cMinds proposes a learning intervention that exploits 

new technologies and uses a didactical framework which builds on inquiry -based 

learning approaches, problem-based learning, analytical thinking practices, 

collaborative, and project-based learning.   

More broadly, this report aims to describe the ideas underpinning the development 

of the cMinds Virtual Learning Suite as well as the design of the demonstrator 

itself. Learning scenarios which enable teachers to design educational experiences 

that encourage the experimentation with programming concepts and problem solv-
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ing practices in a playful and creative way are also described. The main contribu-

tion of the cMinds project towards enhancing primary education learning experi-

ences is four-fold: (i) to provide students with tools that foster analytical and criti-

cal thinking (ii) to encourage teachers in carrying out learning activities that sup-

port studentsô analytical and computational thinking using new technologies (iii) 

to provide the participant community with tools for collaboration and communica-

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

theories and new technologies to analytical, critical, and computational thinking. 

2. INQUIRY- BASED LEARNING 

 

Despite the fact that óinquiryô is a process well embodied in human activities and 

necessary for making sense of the world (Education Broadcasting Corporation 

2004), in many school curricula this process is being devitalised or discouraged. 

The following sections aim at familiarizing the reader with the term of óinquiry-

based learningô and to bring into focus emerging issues and debates. 

2.1  The Nature of óInquiry-based Learningô 

In contemporary learning theories the learner is described as óan active learner of 

knowledge acquisitionô (Njoo and Jong, 1993, p.1). The ideas underpinning in-

quiry-based learning are well in line with such a notion. Inquiry-based learning is 

an educational strategy that centers on óa seeking for truth, information, or 

knowledge by questioningô (Educational Broadcasting Corporation, 2004). 

Though researchers have proposed different definitions of inquiry (Looi, 1998) it 

óFrom birth, babies observe faces that come near, they grasp objects, 

they put things in their mouths, and they turn toward voices. The process 

of inquiring begins with gathering information and data through apply-

ing the human senses -- seeing, hearing, touching, tasting, and smellingô. 

(EBC, 2004) 
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is generally agreed that the objectives of inquiry- based learning (Njoo and Jong, 

1993, p.1, Conole et al, 2009) are: 

¶ To address an answer to a particular question of a scientific nature  

¶ To provide learners with opportunities to enrich their cognitive back-

ground by engaging in scientific concepts  

¶ To engage learners in the methodological or scientific process of ad-

dressing answers to scientific questions  

¶ To encourage the development of the skills needed for using scientific 

tools, practices, and techniques  

It is important to articulate these aims in order to óclarify the focus of inquiry 

learningô and to ódifferentiate it from other pedagogical approachesô (Conole et al, 

2009, n.p).  

According to Edelson et al (1999) inquiry-learning approaches can take several 

forms such us: discovery, controlled experimentation, modeling, synthesis of 

sources, exploration of quantitative data, and more. Although each form supports 

the development of different skills, it is dominated by a set of four features 

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

¶ Questioning and hypothesis: Scientifically oriented questions are ex-

ploited for engaging learners in the problem area/ field of interest (Grandy 

and Duschl, 2007). The engagement is usually the result of the following 

two practices: 

¶ Forming and raising questions about óthe natural or material 

worldô, gathering data, and carrying out pilot studies and discover-

ies  (de Jong, 2006 cited in Conole et al (2009, n.p)  

¶ óMaking hypothesis and predictions about natural phenomenaô. 

(Osborne et al., 2005)  

¶ Adopting an evidence-based approach:  An evidence-based approach 

needs to be followed in order for learners to develop and evaluate explana-

tions and claims. This is a significant process as it can lead to the address-

ing of answers to the research questions. As Conole et al (2009, n.p) state, 
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ólearners foreground the adoption of an evidence-based approach to tack-

ling an issueô  

¶ Synthesis and meta-cognition: According to Conole et al (2009, n.p) 

ólearners need good meta-cognitive skills to make sense of their actions 

and observations and to be able to link these to the underlying theoretical 

conceptsô. The meaningful synthesis of scientific practices (methodologi-

cal steps undertaken etc), knowledge of scientific concepts and exploita-

tion of the appropriate scientific tools set a base whereupon meta-cognitive 

skills can be developed (Edelson et al., 1999; Conole et al, 2009). It is 

worth mentioning that such a base can be further enriched allowing learn-

ers to develop frameworks for the interpretation of observations and dis-

coveries 

¶ The nature of science: In the context of inquiry-based learning it is cru-

cial for learners to gain an insight of what a scientific process is. There is 

neither a single way of thinking nor a single methodological approach 

(Osborne et al., 2005). As Conole et al (2009, n.p) state, ólearners need to 

develop critical skills to evaluate the epistemological base on which scien-

tific claims are madeô. The whole scientific process is continual and cycli-

cal. The cycle starts with the raising of a question, the seeking of answers, 

the setting up of a methodological approach, and the emergence of new 

questions which activate the cycle for a second time (Osborne et al, 2005 

cited in Conole et al 2009, n.p) 

Considering carefully these set of purposes and features is of great importance for 

the successful development of learning environments and scenarios that draw up-

on inquiry-based learning. 

2.2  Different Types of Inquiry-based Learning Models  

The previous section identified critical aspects of the inquiry-based learning pro-

cess based on literature. This section brings into focus four district inquiry learn-

ing models which have been seen to enclose particular aspects of inquiry learning. 

The discussion is based on Conole et alôs work (2009, p.7): 
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¶ Peer, collaborative inquiry learning, where óthe emphasis of the model 

is to facilitate and scaffold learnersô through the inquiry process (Conole et 

al, 2009, n.p). This model triggers significant learning mechanisms for in-

troducing learners into óthe scientific way of thinkingô familiarizing them 

with the ónature of scienceô (Conole et al, 2009)  

¶ Hypothesis-driven inquiry learning , ówhere the emphasis is on the in-

quiry process beginning with a hypothesis and designing the methods to 

prove it right or wrongô (Conole et al, p., 2009). This is well in line with 

the óquestioning and hypothesisô characteristic described previously (see 

section 2.1) 

¶ Multiple forms of representation, where the model exposes the learners 

to data in different formats encouraging them to understand óthe relations 

between changes in representations and changes in actions or observa-

tionsô as well as óthe value of these different forms of representationô 

(Conole et al, 2009, n.p). The ósynthesis and meta-cognitionô characteristic 

(see section 2.1) is well suited in this model  

¶ Modeling, where the model allows learners to engage in modeling practic-

es as part of the process of investigation. This is well in line with the 

óadopting an evidence-based approachô characteristic (Conole et al, 2009) 

described in previous section (see section 2.1) 
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Modeling   x   x x x    

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

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

four models described previously. This is not to state that the pedagogical ap-

proaches listed constitute a comprehensive set and exhaustive set but to identify 

briefly the minimal requirements for the application of each model and to set a 

basis whereupon the development of technology-based learning environments can 

be designed.  

2.3  A Focus on the Collaborative, Inquiry-based Approach 

It is of great significance to encourage the collaboration among students in the 

context of an inquiry-based educational experience. Peer collaboration has been 

reported to be óa successful strategy for deepening and promoting studentsô 

knowledge-building in many disciplinesô (Gobert and Pallant, 2004). Collabora-

tion is seen to play a crucial role in inquiry-based educational experience. Wellôs 

(2001) well-accepted model for inquiry-based learning falls into the category of 

ópeer collaboration modelsô and aims at bringing collaborative interactions in the 

root of inquiry (see Figure 1).  

 

Figure 1. Wellôs Model on Inquiry-based Learning (Conole et al, 2009, n.p). 
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Inquiry in this model is a collaborative issue and consists of three phases: re-

search, interpretation, and presentation (Wells, 2011; Conole et al, 2009). The 

dialogue among the members of the group in which the teacher is also a co-learner 

plays a decisive role towards the growth of participantsô understanding.  

Other models (see Figure 2) such as the one on progressive inquiry also introduce 

the notion of collaboration as an important aspect of inquiry-based learning. As 

can be seen in Figure 2, collaborative interactions and exchange of ideas act as 

links among different phases of inquiry.  

 

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

In recent years many considerable attempts have been made to foster studentsô 

collaborative skills and to support with technological tools studentsô collaborative 

and social interactions (Rahikainen et al, 1999; Rahikainen et al, 2001). However, 

research shows that it is not easy to achieve collaboration among students. The 

fact that students are being invited to work collaboratively cannot guarantee suc-

cessful collaborative interactions. In other words, grouping students together does 

not mean that collaboration will definitely take place (Rahikainen et al, 2001; 

Bennett, 1991). In a similar way, digital collaborative environments can foster 

collaborative interactions but they cannot guarantee their meaningful and success-



cMinds                                          509998-LLP-1-2010-1-GR-COMENIUS-CMP 

25/9/2012 Pedagogical Frameworks Report Page 15 

ful application in the group setting (Rahikainen et al, 2001). In this context, teach-

er mediation plays 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. 

2.4 Educational Benefits 

According to previous research, educational experiences that are rooted on in-

quiry-based learning can help individuals/students develop problem solving skills 

as well as critical and analytical thinking ones; such educational experiences can 

also equip students with the capacity to provide explanations, to handle different 

forms of data, and to understand different concepts from interdisciplinary areas 

(Conole, 2009; Chiappetta & Russel, 1982; Saunders & Shepardson, 1987; Haury, 

1993, Tsalapatas et al, 2010).  

More precisely, given that a ócommunicative processô spans inquiry-based prac-

tices (Colone et al, 2009), students are likely to develop a particular set of skills 

needed to communicate their findings and to justify their claims (Grandy and 

Duschl, 2007; Colone et al, 2009). Coupled with this, taking into account that the 

management and the manipulation of data is a key aspect in inquiry-based learn-

ing (Colone et al, 2009, n.p) it is likely for learners to develop skills related to 

analysing, modelling, and visualisation of data using different formats (such as 

tables, graphs, diagrams, 2D and 3D models). 

According to Goodwin (n.p) the educational benefits of this practice are not only 

for students. The meaningful deployment of an inquiry-based approach benefits 

both students and teachers. Taking into account Goodwinô s (n.p) work, teacher 

benefits from inquiry-based learning can be summarized as: 

¶ Participation in worthwhile, hands-on, or digital educational activities as 

scaffolders and active members of the work-team; óscaffoldingô is a scien-

tific term used in the pedagogics sector referring to the step-by-step build-

ing of knowledge in layers 

¶ Development of knowledge on how to encourage students to become more 

active in the learning process 
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¶ Opportunity to observe closely how studentsô thinking is developing; abil-

ity to gain ólearning- historiesô 

¶ Engagement in the process of establishing a methodology for addressing 

an answer to a specific problem 

¶ Opportunity to observe closely how students collaborate and communicate 

their ideas in the context of the inquiry-based activity 

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

and communicate their ideas 

On the other hand, learner benefits from inquiry-based learning can be: 

¶ Development of critical-thinking and analytical thinking skills 

¶ Active involvement in the learning process 

¶ Collaborative spirit through the process of working as part of a team 

¶ Development of self-esteem through their contribution to the solution of 

the problem 

¶ Development of problem-solving skills that can be applied to other subject 

areas 

¶ Engagement in scientific processes and methodological approaches as well 

as enculturation in scientific communities 

¶ Knowledge on the management and the interpretation of scientific data 

¶ Understanding of basic scientific knowledge through deductive reasoning 

rather than passive techniques 

2.5 Emerging Debates 

As discussed in earlier sections, inquiry-based learning experiences are potentially 

beneficial for both teachersô teaching and studentsô learning. Despite its merits, 

the implementation of inquiry-based learning is not always a straightforward 

process (Chang et al, 2003; Tsalapatas et al, 2010). The obstacle is the limited 

appropriate software for inquiry -based learning in schools (Chang et al, 2003) 

as well as the insufficient scaffolding provided to students from teachers. For in-

quiry learning to be more effective, it is of great importance to motivate students 
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towards explorative practices  (Edelson et al., 1999 cited in Chang et al, 2003, 

p.57; Tsalapatas et al, 2010) so that to engage in the inquiry with the necessary 

enthusiasm and curiosity. Last, it of great significance to provide students with the 

time needed in order for an inquiry-based task to be fulfilled. Time pressure and 

tight deadlines may spoil the nature of the inquiry-based experience affecting 

negatively the learning outcomes. 

There are several educational approaches that can be meaningfully connected to 

inquiry-based learning. Among the most widely used are the problem-based ap-

proach to learning and the project-based one. These educational approaches are 

discussed in the following sections. 

3. PROBLEM- BASED LEARNING 

The problem-based learning (PBL) approach is not new in educational settings. It 

is one of many instructional approaches that situate learning in a meaningful task 

aiming at triggering mechanisms for experiential learning (Kilroy, 2003; Kilpat-

rick (1918, 1921); Dewey (1938). In the following sections, problem-based learn-

ing is defined, its relation to the analytical thinking process is brought into focus, 

and the educational benefits of such practices are presented. 

3.1  Presenting Problem- based Learning 

Problem-based learning derives from a theory which suggests that ófor effective 

acquisition of knowledge learners 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 by discussing the material in a group settingô (Kilroy, 2004, p.411).  This 

theory was initially described in 1977 by Anderson.  

According to Kilroy (2004, p.411) problem-based learning focuses more on en-

couraging the participants towards the following three key directions:  

¶ The use of self-directed learning skills. This means that emphasis lies in óa 

personôs ability to seek out and assimilate relevant information to tackle a 

problem at handô (Killroy, 2004, p.411) 
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¶ The analysis of a given scenario; the formulation and prioritization of key 

learning objectives in the context of this scenario (Killroy, 2004) 

¶ The collection of additional information which is considered useful for ad-

dressing those objectives (Killroy, 2004) 

It is important to distinguish between problem-based learning and problem-

solving practices. Problem-solving practices usually end when the task is com-

pleted and the problem is solved. However, problem-based learning goes beyond 

just solving a problem. It additionally includes steps of reflection upon the prob-

lems. Such steps may activate a second stage where other approaches (optimal or 

more efficient) for solving the problem are considered. The following flowchart 

(Figure 3) presents problem-based learning as a process that embodies problem 

solving-practices and processes of reflection and debriefing. 

 

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

19). 

Based on the above figure, problem-based learning includes four phases: problem 

presentation, problem investigation, problem solution, and process evalua-

tion (Awang & Ramply, 2008). Through these phases studentsô motivation to-
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wards the improvement of their reasoning abilities in the context of a given prob-

lem is raised (Kil lroy, 2004). 

The nature of the problem, typically addressed to students, is another issue that is 

worth bringing into focus. According to Awang and Rambly (2008, p.19) the 

problem can be óa real-world situation, complex and open-ended that will chal-

lenge higher-order thinking, creativity, and synthesis of knowledgeô. In the fol-

lowing section emphasis is laid on analytical thinking practices, frequently em-

bodied in the problem-solving process. This chapter concludes with the educa-

tional benefits of the problem-based learning experiences. 

3.2  Analytical Thinking Processes Embodied in Problem Solving 

Practices 

Analytical thinking processes are part of problem-solving practices (see Figure 4). 

Analytical thinking revolves around the process of breaking down a complex 

problem, identifying the key components of the problem, and interacting mean-

ingfully with the several constituent parts of the problem. The skills that are prac-

ticed during this process are considered to be of great importance for the effective 

development of learnersô wider problem-solving skills and inquiry-based experi-

ences.  

 

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

Analytical thinking has many definitions. Amer (2005, p.1) defines the analytical 

thinking process as óa powerful thinking tool for understanding the parts of a 

situation. Moreover, Amer (2005, p.1) defines analytical thinking as óthe ability to 

scrutinize and break down facts and thoughtsô. Parselle (n.d, n.p) focuses more on 

the nature of this process and its characteristic features. According to Parselle 

(n.d, n.p) óanalytical thinking is focused, sharp, linear, deals with one thing at a 
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time, contains time, is deconstructive, contains no perspective, is subject to disori-

entation, is brain centred, and tends to the abstractô (Parselle, n.d). 

3.3  Educational Benefits and Debates 

Problem-based learning has the potential of supporting students in developing 

creative and analytical thinking skills applicable in interdisciplinary areas (Awang 

and Ramply, 2008). Through problem-based approaches learners can develop the 

ability to switch between different roles. As Awang and Ramply (2008, p.19) 

state: óeven though students engage in self-directed learning through PBL [prob-

lem-based learning], they regularly convene to share, evaluate, and critique each 

otherôs work during the group meeting. They deal with multiple and often con-

flicting goals and values, work with constraints, and determine the most appropri-

ate action to takeô. According to Amer (2005, p.1), through analytical thinking 

practices, which are often embodied in problem-based experiences, it is likely for 

students to develop óthe capacity to think in a thoughtful, discerning way, to solve 

problems, analyze data, and to use and recall informationô. 

However, delivering problem-based experiences in a classroom setting requires a 

certain degree of carefulness. Similarly to the inquiry-based learning experiences, 

problem-based ones are lengthy by nature. It is of great importance to provide 

students with the necessary time to work on the given problems (Awang and 

Ramply, 2008). Tight deadlines and pressure affect negatively the educational 

dimension of the process and discourage the studentsô enculturation in the prob-

lem-solving practice (Awang and Ramply, 2008). 

4. PROJECT- BASED LEARNING 

Project-based learning as a method of teaching and learning is mainly based on 

contemporary learning theories according to which knowledge, thinking, doing, 

and the contexts for learning are inextricably tied (Tsalapatas et al, 2010).  In the 

following sections the theoretical background of project-based learning is de-

scribed and the educational value of this practice is brought into focus.  
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4.1  Theoretical Background 

Project-based learning is proposed as a teaching and learning strategy and meth-

odology (BIE, 2003) that engages learners in sustained, cooperative investigation 

(Bransford and Stein, 1993) and includes authentic content, authentic assessment, 

teacher facilitation but not direction, explicit educational goals, collaborative 

learning, and reflection (Han and Bhattacharya, 2001). 

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

certain constructivist perspectives (Han & Bhattacharya, 2001) according to 

which knowledge, thinking, doing, and the contexts for learning are inextricably 

tied (Tsalapatas et al, 2010).  The ideas of constructionism (Papert 1993), such as 

learner as active builder of knowledge, engagement in óhard funô, and emphasis 

on artifact creation are also seen to structure project-based learning (Han and 

Bhattacharya, 2001). Collaborative interactions are also part of this process given 

the fact that learning is considered as a social activity where community spirit 

dominates (BIE, 2003). Within this theoretical context learning is seen as a social 

process where the students relate to one another, work collaboratively, and com-

municate their ideas in order to complete their tasks.  

Knowledge construction takes place through projects that invite students to en-

gage in an active and reflective information seeking process. During this process 

the teacher acts as óscaffolderô and not as the sole provider of knowledge. As far 

as the nature of projects is concerned, these are long-term activities bring together 

ideas and principles from a number of subject areas. Learning through project-

based experiences is a complex, challenging, and demanding activity for teachers 

and students (see also Tsalapatas et al, 2010).  

4.2  Educational Value 

One objective of cMinds is to provide better insight on how students work on 

knowledge construction in different activities and learning environments. Project-

based learning is a model for classroom activity that shifts away from the class-

room practices of short, isolated, teacher-centered lessons and instead emphasizes 

learning activities that are long term, interdisciplinary, student-centered, and inte-

grated with real-world issues and practices (Tsalapatas et al 2010). Project-based 

learning helps make learning meaningful to students by establishing connections 
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to real-life, addressing real-life problems, and developing real-life skills. Project- 

based learning supports learners to develop a variety of skills including the ability 

to communicate their ideas, take thoughtful decisions, take initiatives, and engag-

ing in problem-solving practices.  

In the classroom, project-based learning provides many unique opportunities for 

teachers to establish relationships with their students. Teachers are challenged to 

change their role from coach to scaffolder and to that to co-learner. Teachers are 

not a sole source of knowledge and information but active members of the work-

team. Studentsô products, drafts, and works set a basis whereupon discussion can 

take place. This process can potentially lead to important educational explorations 

and outcomes and can activate new learning cycles and processes. 

5. BLENDED LEARNING APPROACH 

Blended learning can combine the positive aspects of classroom-based learning, 

digital learning environments, and e-Learning practices (Bonk & Graham, 2006). 

However, some experts are now taking a broader view which goes beyond e-

Learning and classrooms; as McSporran and King (2002, n.p) explain óblended 

learning is a mix of delivery methods that have been selected and fashioned to 

accommodate the various learning needs of a diverse audience in a variety of sub-

jects. This method can include any combination of [é] any delivery methodsô. 

In the framework of cMinds project, McSporran and Kingôs (2002) broader view 

are extended to integrate in-class instruction, project-based learning, on-line 

work, and class collaboration. More precisely, a blended learning approach is 

implemented in the context of which multiple methods that derive from the learn-

ing theories described in the sections above are meaningfully combined together 

in support of the objectives of the cMinds project. On-line and classroom instruc-

tion are being further enriched with inquiry-based approaches to learning, prob-

lem-based practices, analytical thinking tasks, calls for collaboration, and project- 

based educational experiences.  

Section 9 provides details on the way in which the blended learning approach is 

implemented in the context of the cMinds project. Before dwelling into this dis-

cussion, Section 6 focuses on the role that programming plays in the context of 



cMinds                                          509998-LLP-1-2010-1-GR-COMENIUS-CMP 

25/9/2012 Pedagogical Frameworks Report Page 23 

this project, Section 7 aims at presenting related work in the area of analytical and 

creative thinking, and Section 8 presents basic, well known algorithmic approach-

es for solving problems. The information embodied in the next sections is theoret-

ically important for the design of the cMinds blended learning approach. 

6. WHEN IT COMES TO PROGRAMMING/ICT 

The phrase ócomputer-aided instructionô is used to describe a situation where stu-

dents are instructed by a computer (Papert, 1993, p.5). However, new trends en-

courage the opposite practice (Alimisi, 2009); instead of ócomputers being used to 

program the childô, óthe child to program the computerô (Papert, 1993, p.5).  

óIt has often been said that a person does not really understand something un-

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. 

[é] The attempt to formalize things as algorithms leads to a much deeper un-

derstanding than if we simply try to comprehend things in the traditional 

wayô. Donald Knuth (1974, cited in Gal-Ezer and Harel, 1998, p.82) 

Programming is óone of the most widely practiced instructional activitiesô (Lee 

and Lehrer, 1987) which enables communication between users and the computer 

providing great opportunities for significant learning outcomes (Papert, 1993).  

Nevertheless, the engagement of students in introductory programming courses 

seems to be a painful process for many students (Guzdial, 2003; Alimisi and Win-

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

algorithmic way of thinking and often make serious programming errors (Alimisi 

and Winters, 2010, Doukakis et al, 2007; Soloway and Spohrer, 1989).  

óWhy do novices encounter difficulties in understanding the algorithmic way of 

thinking? Various studies have been carried out aiming at exploring this issue (see 

i.e Soloway and Spohrer, 1989; Guzdial, 2003; Alimisi, 2009, Florou et al, 2010). 

The inappropriate mental 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, 1989; Guzdial, 

2003; Alimisi, 2009; Alimisi and Winters, 2010).  
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In addition, field research in Greece, Sweden, the Czech Republic, Romania, and 

Norway demonstrates that teaching programming is not practiced in primary 

schools in Europe (please refer to D2.1 The cMinds Learning Requirements Re-

port). ICT skill development is limited to building basic skills on using computers 

including the use of popular software such as text editors, spreadsheet managers, 

image processors, and Internet browsers.  

The cMinds project aims at dealing with such problem areas by developing an 

online learning environment and the necessary learning activities and scenarios 

for supporting studentsô analytical and algorithmic way of thinking. Programming 

in the context of the cMinds project is seen as a vehicle for triggering learning 

mechanisms towards analytical and critical thinking. 

7. PROGRAMMING ENVIRONMENTS FOR CHILDREN 

This section presents some popular programming environments and tools that aim 

at supporting students in developing algorithmic and analytical pathways of think-

ing and encourage them to explore the area of programming in a creative way. 

Scratch, Cruislet Toontalk, and Lego Mindstorms are among these environments.  

Programming environments targeting children share one thing in common: their 

design draws upon the ñPapertian theoryò (Papert, 1993). The Papertian Theory 

(Papert, 1993) focuses on the ideas of learning by doing, learning by designing, 

and learning-to-learn. In the Papertian Theory technology is seen as building ma-

terial for implementing tasks and carrying out longitude and interdisciplinary pro-

jects that are meaningful to students. The final project is the result of a construc-

tionist approach where imagining, design, sharing methods, and reflecting are 

combined in the context of the learning process (Papert, 1993; Resnick, 2007a; 

Resnick 2007b; Stager, 2005). 

7.1 Scratch 

The Papertian ideas (see Papert, 1993) structure the programming environment of 

Scratch, óa networked, media rich programming environmentô built upon Logo 

and created by óLifelong Kindergarten Group at MIT Media Laboratory in col-

laboration with Yasmin Kafaiôs group at UCLAô (Maloney et al, 2008, p.367). 
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More precisely, Papertôs theory of Constructionism and ideas of óhard funô have 

influenced Resnick and his Lifelong Kindergarten Group in developing technolo-

gies that are óplayful but at the same time engage learners in serious, sustained, 

and challenging explorationsô (Resnick, 2008, n.p). The Papertian idea of óEpis-

temological Pluralismô structures also Scratch óas students are provided with a 

range of representational tools, such as graphics, sounds, media, programming 

concepts, and tools for designing, which can support different learning styles and 

preferencesô (Alimisi, 2009, p.26). 

Scratch was designed to enhance óthe development of technological fluency at 

after-school centres in economically-disadvantaged communitiesô (Resnick et al, 

2003, n.p). Actually, Scratch is an environment for novice programmers; it aims at 

providing them with opportunities to develop themselves as designers and inven-

tors (Resnick et al, 2003). It focuses on ómedia manipulationô and encourages the 

development of programming projects that are meaningful for young people, such 

as óthe creation of animated stories, games, and interactive presentationsô (Ma-

loney et al, 2008, p.367, Alimisi, 2009). 

 

Figure 5. Characteristic Assets from the Scratch Programming Environment 

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

The main aim of Scratch is to encourage students to óimagine what they want to 

design, to create projects that fall into their field of interest, to learn in a playful 

way, to share their Scratch projects and ideas with other users by using the 

Scratch forum, to reflect on their experiences, and to activate again this creative 

http://mit.edu/scratch
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learning process by generating new ideas for designingô (Alimisi, 2009, p.29).  

For more details the reader is encouraged to visit Scratch official site: 

www.scratch.mit.edu 

7.2 ToonTalk 

Toontalk is óa general-purpose concurrent programming systemô which has been 

based on the premise that animation and computer games have the potential to 

make programming a less complex and a more interesting process (Kahn, 1995). 

Thus, the source code of ToonTalk is animated 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 meta-

phors (Kahn, 2004). As Kahn explains: 

ó[...] a computation is a city, an active object or 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 óprogramming personaô in this video 

world to construct, run, debug, and modify programsô (1995, p. 243) 

 

Figure 6. Characteristic Assets of the ToonTalk Programming Environment 

(retrieved from www.toontalk.com). 

Students manipulate animated characters, such as boxes, text pads, trucks and 

robots, and they implement their programs (Kahn, 2004; Alimisi, 2009, p.118). 

The behaviour of an object is determined by the rules that the programmer creates 

for it (Kahn, 2004). ToonTalk engages students in the creative process of building 

models. Self-teaching characters are used for constructing video games and ex-

http://www.scratch.mit.edu/
http://www.toontalk.com/
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ploring a range of mathematical, but not only mathematical, problems (Kahn, 

2004; Kahn, 1995; Alimisi, 2009). For more information the reader is encouraged 

to visit the Toontalk official site: www.toontalk.com . 

7.3  Cruislet 

Cruislet is a virtual 3D environment based on Geographic Information Systems 

(GIS) technology and the Logo programming language (Alexopoulou et al, 2007). 

Alexopoulou et al (2007, p.3) explains: óit is designed for mathematically-driven 

navigations in virtual 3D geographical spaces and is comprised of two interde-

pendent representational systems for defining a displacement in 3D-space, a 

spherical coordinate (ɗ, ű, r), and a geographical coordinate system (latitude, lon-

gitude, height)ô. 

Through Cruislet users are given the opportunity to explore mathematical con-

cepts, programming concepts, and geographical issues (Alexopoulou et al, 2007; 

Alexopoulou and Kinigos, 2008). The óobjects to think withô (Papert,1993) are 

airplanes whose flights are controlled by the users according to a variety of possi-

ble scenarios. Cruislet embodies a combination of game-based learning, manipula-

tion of real-life data, and reflection upon construction. 

 

Figure 7. Screenshot from the Cruislet Programming Environment (retrieved 

from http://remath.cti.gr/ ). 

http://www.toontalk.com/
http://remath.cti.gr/
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7.4  Lego Mindstorms  

Lego Mindstorms is a popular robotic technology for engaging students in analyt-

ical and algorithmic thinking in an explorative and tangible way (Martin 2004; 

Bers et al, 2010). The students are invited to control the robots and to regulate 

their behavior so as to perform a variety of operations. The robots can be ófitted 

with gears, sensors which control motors and react to light, sound, touchô (for 

more details see http://mindstorms.lego.com/en-gb/default.aspx). 

Many studies have been carried out aiming at evaluating the outcomes of expos-

ing students to learning experiences designed with Lego Mindstorms (Alimisis et 

al, 2007; Papanikolaou and Frangou, 2009; Alimisis et al, 2010) as well as with 

other control technologies (see for instance work done by Bers et al 2010). These 

studies demonstrated that the related learning interventions aroused studentsô in-

terest and helped them build knowledge and gain understanding of abstract phe-

nomena (Alimisis et al, 2010). As Bers et al (2010) points out control technolo-

gies can help students develop computational thinking skills, engage in scientific 

practices, and gain an understanding of the way the human-made world has been 

constructed.  

Recent research focuses on the development of teaching material and resources to 

facilitate the design of educational robotic interventions by teachers for the benefit 

of their class. This work helps teachers deliver educational robotic activities in a 

school setting (Bers et al, 2010; Bers et al, 2002; Alimisis et al 2002). 

 

Figure 8.  Lego Mindstorms Robot. 
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7.5 Other Programming Environments 

In addition to the popular Scratch, ToonTalk, Cruislet, and Lego Mindstorms, 

other considerable tools and learning environments are available and have been 

used successfully in practice with students for the development of algorithmic 

thinking skills in a playful way; (i.e Cricket (Resnick, 2007a; Resnick 2007b), 

Alice (Cooper et al, n.d ), AgentSheets (Guzdial, 2003) and more). Briefly: 

Crickets are ósmall programmable devicesô on which lights, motors, and sensors 

can be fitted. The students are called to compose a script and to create things that 

óspin, light up, and play musicô (for more details see: 

http://vimeo.com/user1562133/videos). During the process of the creation, the 

children are likely to engage in mathematical, scientific and computational con-

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/17886127/Writers%27%20Wor

kshop ). 

The Alice is óan innovative 3D programming environment that enables children to 

create their own interactive animated stories, interactive games, narratives, and 

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

tool for introducing students in object-oriented programming. As in the official 

site is mentioned, Alice uses ó3D graphics and a drag-and-drop interface to facili-

tate a more engaging, less frustrating first programming experienceô (information 

retrieved from http://www.alice.org/ ). The programming environment does not 

http://vimeo.com/user1562133/videos
http://llk.media.mit.edu/projects.php?id=1942
http://discoverychange.pbworks.com/w/page/17886127/Writers%27%20Workshop
http://discoverychange.pbworks.com/w/page/17886127/Writers%27%20Workshop
http://www.alice.org/
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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 ). 

AgentSheets is an agent-based simulation-authoring tool that allows users to cre-

ate their own interactive simulations and games exploring mathematical and engi-

neering ideas (Guzdial, 2003). The creations can be shared online as Java applets 

fostering the collaboration and the reflection among the AgentSheets users (in-

formation retrieved by http://www.agentsheets.com/products/index.html )  

 

Figure 11.  Screenshots from the AgentSheets Programming Environment 

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

http://www.alice.org/
http://www.agentsheets.com/products/index.html
http://www.agentsheets.com/
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8. FOUR BASIC ALGORITHMS 

Algorithmic thinking is the basis behind teaching programming towards analytical 

skill development. Algorithmic thinking encourages learners to break down a 

problem to very specific steps towards establishing a solution. A computer cannot 

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 

education, science education, mathematics education, and other subjects. 

According to Levitin (2002) óalgorithms have come to be recognized as the cor-

nerstone of computingô and as vehicles for solving problems. Given the impor-

tance of algorithmic thinking towards the development of analytical thinking 

skills the next sections focus on well accepted algorithmic models. Each type sug-

gests a different way of working with data in order for a solution to be discovered. 

These models act as the theoretical background for the selection of ñpuzzlesò (i.e. 

learning activities, to be introduced into the classroom for educational purposes in 

the context of cMinds. This method ties proposed cMinds learning activities to 

problem-solving theory; however in the final outcome theory will be transparent 

through age-appropriate, graphical interfaces that hide computational complexity. 

8.1 Brute Force Algorithmic Technique 

Brute force is an algorithmic technique in which a number of solutions are devel-

oped and each is tested for accuracy and effectiveness based on the pre-defined 

project objectives.  

According to Levitin (2002) this algorithmic approach is a straightforward one 

and can be applied to a wide variety of problems. As Levitin (2002) states, brute 

force is such a general approach that it is ódifficult to point out problems it cannot 

tackleô. This algorithmic method addresses general arithmetic tasks such as: com-

putation of the sum of n numbers, identification of the largest element in a list, the 

addition of two matrices (Levitin, 2002), as well as for the well-known and signif-

icant problems of sorting, searching, and matching (Levitin, 2002). 
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8.2 Divide-and-conquer Algorithmic Technique 

Divide-and-conquer is a well-known algorithmic method according to which a 

problem is partitioned into óa number of smaller sub-problems usually of the same 

kind and ideally of about the same sizeô (Levitin, 2002). It is then easier to address 

a solution to each sub problem using either simpler algorithmic techniques or 

working in a recursive way (Levitin, 2002). Levitin (2002) brings into focus Bent-

leyôs (1998) work where interesting applications of divide-and-conquer algo-

rithmic technique are discussed. Mergesort, quicksort, and Strassenôs matrix mul-

tiplication are identified by Levitin (2002) among the most popular applications of 

divide-and-conquer algorithmic solutions (for more scientific details, that are out 

of scope of this review, see also 

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

k.pdf  as well as http://ace.cs.ohiou.edu/~razvan/courses/cs404/lecture12.pdf ). 

8.3  Decrease-and-conquer Algorithmic Technique 

In simple words decrease-and-conquer is an algorithmic method in which a solu-

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 consider the decrease-and-conquer algorithmic tech-

nique as a case of the wider divide-and-conquer approach (see section 8.2). This 

understanding is described, for example, in the work executed by Neapolitan and 

Naimipar (1996). However, this report adopts Letivinôs (2002) point of view ac-

cording to which óit is more appropriate, from theoretical, practical, and especially 

educational points of view, to consider divide-and-conquer and decrease-and-

conquer as two distinct design techniquesô.  

This algorithmic technique is used to solve a problem óby reducing its instance to 

a smaller one, solving the latter (recursively or otherwise), and then extending the 

obtained solution to get a solution to the original instanceô (Levitin, 2002, n.p). In 

this way, an attempt is made to simplify the given problem by reducing óthe size 

of an instance by a constant factorô (Levitin, 2002). Due to this fact this technique 

is also known as ósimplificationô (Brassard, 1988; Brassard, 1996). Insertion sort, 

binary search, multiplication ̈ la russe, and Fibonacci search are few examples in 

which decrease-and-conquer is applicable (Levitin, 2002). 

http://www.cs.princeton.edu/courses/archive/spr07/cos226/lectures/04MergeQuick.pdf
http://www.cs.princeton.edu/courses/archive/spr07/cos226/lectures/04MergeQuick.pdf
http://ace.cs.ohiou.edu/~razvan/courses/cs404/lecture12.pdf
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8.4 Transform and Conquer Algorithmic Technique 

This algorithm is named after the idea of transformation  that dominates it. 

Levitin (2002) identifies several cases of this algorithmic technique. While the 

detailed discussion of this technique is out of scope for this report, following is a 

discussion of three example applications of transform and conquer: simplification, 

representation change, and preconditioning.  

In ósimplificationô a problem is solved óby first transforming its instance to an-

other instance of the same problem (and of the same size) with some special prop-

erty which makes the problem easier to solveô. Among the applications of this 

method are the algorithms of ópre-sorting (e.g., for finding equal elements of a 

list), Gaussian elimination, and heapsortô.  

The second application is called órepresentation changeô. According to Levitin 

(2002) this technique is based on óa transformation of a problem's input to a dif-

ferent representation, which is more conductive to an efficient algorithmic solu-

tionô. Example applications of this algorithmic approach are search trees, hashing, 

and more.  

As far as preconditioning is concerned, Levitin (2002) explains: óthe idea is to 

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

which speeds up solving the problemô. Examples of this approach include óthe 

Knuth-Morris-Pratt and Boyer-Moore algorithms for string matching, Winograd's 

matrix multiplication, and determining ancestry in a treeô (Levitin, 2002; Brass-

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 young chil-

dren in primary education through emerging explorative and collaborative learn-

ing approaches. cMinds takes advantage of visual programming concepts towards 

building structural and critical minds in the context of collaborative problem solv-

ing. Virtual learning environments that promote problem deconstruction and solu-

tion synthesis and visualization will be deployed in the context of wider blended 
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learning activities that take existing instructional practices a step further through 

the integration of technology in the learning process.  

In the context of cMinds, blended learning combines in-class lectures, on-line 

experimentation, and class collaboration towards collective knowledge build-

ing in a group of learners and their teacher. Figure 12 demonstrates blended 

cMinds learning design. 

cMinds learning activities aim to enrich existing well-developed educational prac-

tices by taking them a step further through blended learning approaches that de-

ploy virtual applications. This learning design choice distinguishes the cMinds 

tools from off-the-shelf packages for independent use, for example, at home. 

cMinds learning activities are in-line with ET2020 Objectives on the development 

of transversal competencies, including learning-to-learn, entrepreneurial thinking, 

creativity, and digital literacy, that are applicable independently of subject such as 

digital competence, analytical thinking, working in groups, independent learning, 

and more. 

 

Figure 12. cMinds Blended Learning Delivery Approach. 
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More specifically, the proposed didactical framework uses inquiries, problem-

based, and project-based approaches to help learners:  

¶ Identify the objectives of a problem 

¶ Identify input parameters 

¶ Experiment with and analyze alternative implementation solutions 

¶ Visualize the outcomes of a particular implementation route 

¶ Select the desirable solution from a pool based on specific indicators re-

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 introduced in cMinds didactical process de-

sign.  

 

Figure 13. Analytical Thinking Skill Development through Problem Decon-

struction, Experimentation, Visualization, Synthesis, and Collaboration.  

The figure further shows how collaboration among participating schools in the 

cMinds educational network contributes to expanding learning experiences be-

yond the classroom and potentially across borders. The development of joint out-

comes that are the result of class and school collaboration contribute to building a 

community spirit, to developing self-esteem, and to collective knowledge devel-

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 design of the cMinds 

proof-of-concept demonstrator that validates in practice the proposed inquiry-

based learning framework for analytical skill building through the deployment of 

programming concepts.  

The purpose of the demonstrator is to introduce an environment in which chil-

dren learn through experimentation, applying programming concepts to-

wards building analytical thinking skills . The demonstrator takes a top-down 

approach that guides children through the step-wise solution of a problem from 

the beginning to the end. To achieve this objective, the demonstrator starts by in-

troducing children to basic programming concepts, then allows them to explore 

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

concludes by enabling children to compare their solution to ñoptimalò algorithms.  

Section 9 describes the basic areas of the cminds learning suite. Section Error! 

Reference source not found. brings into focus the way the cminds consortium 

reached the final design layout of the programming area. Sections 10.3- 10.5 focus 

on the tutorial area and the embodied learning activities. 

10.1 Overview of the cMinds Virtual Learning Suite 

In brief, the cminds learning suite consists of the following learning areas: 

1. A tutoring  environment, which corresponds to hands-on practical training 

with the function of specific programming constructs 

2. A hands-on virtual exploration  environment which is followed by the 

robot phase environment; they both constitute the actual virtual places for 

exploring programming concepts, addressing solutions and practicing ana-

lytical thinking skills. 

3. A visualization and comparison of solutions environment, where results 

of a childôs programming efforts towards solving a logical problem are 

visualized and compared 
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A graphical menu (see Figure 14) available in each screen of the cMinds Virtual 

Learning Suite brings all these areas together. 

 

Figure 14. The Main Menu of the cMinds Learning Suite, Leading to the Tu-

torial, ñRobotò / Analysis, and Visualization Zones. 

The demonstrator deploys programming constructs that are serially combined 

through images in a widely graphical interface that is based on drag-and-drop 

functionality. The cminds learning suite is available in seven languages: Greek, 

Swedish, Czech, Norwegian, Romanian, French, and English. The language selec-

tion screen is the start point of the cMinds Virtual Learning Suite (see Figure 15).  

  

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 (see Figure 16).  

 

Figure 16. Screen for the Selection of an Activity. 

The learning suite includes seven logical problems (including the tutorial area). 

The user is encouraged to start first practicing the tutorial area. 

The following sections describe the idea underpinning each learning area of the 

cMinds virtual learning environment, namely: selection screen, memo zone, 

hands-on, robot phase and comparison zone. The award system will be also dis-

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 ac-

tivity there are series of numbers. From bottom to top, number one is for level 

one. Number two is for level two. In a similar way, the third and fourth numbers 

is for level three and four. The fifth number is for the most advanced level.  

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

the corresponding number (see Figure 17, Figure 18). 
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Figure 17. Selection of Level 1 of the Tutorial Area. 

 

Figure 18. Selection of Level 2 of the Friezes Activity . 

The user is encouraged to start his/her educational journey from the Tutorial area. 
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10.1.2 The Memo Zone 

Once the activity and the level have been selected, the user can move to memo 

zone (see step Figure 19). In the memo zone, the user has access to the description 

of the level/problem (see Figure 20). 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 data, termini, criteria and parameters of the problem, for 

identifying the desired outcome, for analysing the components of the problem and 

documenting initial ideas, rationales or even problems that occurred. The use of 

the digital memo aims at helping students recognize the various 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 (see Figure 20). 

 

Figure 19. The Button to the Memo Zone. 






















































































































































































































































































