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Abstract 

Deeper learning and conceptual understanding are essential and 

critical elements for achieving learning process improvement in 

Computational Thinking (CT) curricula. For successful learning 
outcomes the school teachers of programming most probably have to 

familiarise themselves with two essential learning frameworks: i) 

tangible programming interfaces (TUIs), where real world objects are 

utilized to fulfil the programming process and assist in children’s 

abstraction skills; ii) graphical user interfaces (GUIs) or visual 

programming languages that involve the task of creating a structured 

program through the combination of graphical elements on a program 

canvas. Hence, this paper introduces the importance and readiness of 

teaching the programming concepts comprising CT in a creative and 

natural way. The authors present the rationale and current formal ways 

for teaching programming to primary school pupils. After a critical 
overview of some learning programming environments, the authors 



present and scrutinize the results between tangible and graphical 

interfaces (visual learning) from comparative studies.  
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1.0 Introduction and Research Rationale 

Digital literacy is the ability to understand and use digital technologies effectively 

for everyday tasks. Programming concepts and computational thinking (CT) have 

an influential presence in digital competencies and in the schooling environments 

of the 21st century. CT and logic, along with analytical, social and communication 

skills, are often considered as the basics for achieving a successful education in 
Science, Technology, Engineering and Mathematics (STEM), for boys and girls. 

This is a challenge for IT professionals who teach nowadays’ school boys and girls. 

The primary school teachers and their pupils are surrounded by various computer-

based technologies and the school students will possibly have a future job that has 

not, yet, been defined. Introducing the core concepts is a challenging task for the 

teachers who will need collaborative pedagogic approaches requiring the learners’ 

full attention, curiosity and participation.  

Notwithstanding, an interesting question that recently occupies the minds of 

computer science researchers, teachers and curricula designers is: Why 

Computational Thinking is on the teaching focus for achieving/advancing digital 

literacy for the future citizens? The answer is not simple. Generally speaking, CT 
involves a set of skills that include problem-solving, design, and systematic analysis 

[1, 2]. CT represents a type of analytical thinking that shares many similarities with 

mathematical thinking (e.g., problem solving), engineering thinking (designing and 

evaluating processes), and scientific thinking (systematic analysis) [1, 2]. While the 

act of engaging in CT is rooted in computer science, some have argued that it is a 

skill that is fundamental for everyone to master, just like reading, writing, and 

arithmetic [3]. In a pivotal article on the need to expand the reach of CT, Jeanette 

Wing (2006) [3] states that it represents a universally applicable attitude and skill 

set for everyone, not just for computer scientists [4]. 

There is a growing pressure to teach CT already in early elementary school, and this 

has put teachers, administrators, and parents in a difficult position when investing in 

technology for early childhood education. These adult groups have to cope with an 
ever-changing array of digital tools now being marketed to this school age group. 

The above groups face questions such as, “what CT skills are my children actually 

learning with this tool?” or “will my child find this tool fun and engaging?” “How 

can I successfully integrate it with my curriculum?” When choosing tools for school 

or home, parents and teachers must also navigate the choice between screen-based 

and non-screen-based technologies that are quickly spreading out [4]. Thus, teaching 

CT at schools is argued to be necessary but also admitted to be a very challenging 

task. Not only because there is no general agreement about what computational 

thinking is but also because there is no clear idea nor evidence on how to teach CT 



in an effective way. There is a need to develop a shared understanding of the 

effective ways of teaching CT at schools [5] 

2.0 Aims, Research Questions and Background 
The main aim of this research study is to provide an overview of the current work 

carried out in the teaching of CT with Graphical and Tangible user interfaces. 

Programming has an enormous presence in people’s everyday lives of the 21st 

century. Digital literacy is as important for children today as reading and writing 

skills were once. [6]. However, computational thinking is still in its infancy. But its 

status is increasing in education [7, 8] and many countries are updating and renewing 

their national curricula with different strategies by emphasizing on digital 

competence [9]. Moreover, computational thinking is declared as one of the key 

skills for the future workforce [10]. This puts the teaching of computational thinking 

as a top priority in formal education.  

2.1 Research Questions 

The aims of this literature review can be expressed through the following research 

questions:  

RQ1) Which Graphical and Tangible Interfaces exist to teach children 

Computational Thinking and  

RQ2) What features/mechanisms do GUIs and TUIs offer for facilitating CT?  

The next three sessions offer a general introduction and historical perspectives of 
GUIs, TUIs and CT. 

2.2 Graphical User Interfaces 

Graphical or visual programming involves the task of creating a structured program 

through the combination of graphical elements on a program canvas or timeline. 

Through intuitive graphical representations of programming concepts, a user can put 

together some kind of programming puzzle on screen and thereafter observe its 

execution on the screen. Little or no typing of commands is required to complete the 

above task. The creation of graphical programming tools for children is a wide field 

of research since the early 1960's. Based mainly on graphical interfaces and utilizing 

the theories of constructivism by Papert (1980) [11], a large number of programming 

languages was created for both children and novice users. These graphical 

programming approaches incorporated simple syntax, nested loops, and control 
structures through graphical representation, allowing children to program by 

dragging and connecting icons on computer screens [6].  

2.3 Tangible User Interfaces 

Tangible user interfaces (TUIs) for programming, on the other hand, appear to be a 

rising field that offers unique opportunities for learning. In many cases researchers 

tried to teach either simple programming concepts by guiding graphical 

representations on a computer screen or simulate and program advanced concepts, 

like physical motion using TUIs [12]. In almost all cases researchers took advantage 

of the facts that TUIs convert physical objects into programming elements and that 

may reduce the age threshold for participation in activities. Moreover, similarly to 



the construction of a robot, tangible interfaces may offer equal opportunities for 

participation and active learning [11, 12]. Consequently, the combination of robot 

construction and programming through tangible interfaces might be an attractive, 

easier, collaborative way to lead young student and novice adults to the world of CT. 

[12] Tangible user interfaces were initially defined by the work of Ishii, H. & Ullmer 

[13], and created excellent opportunities for the pioneering implementation of 

technology inside school classes [14]. An area that seems to have benefitted by this 
kind of technology is that of tangible programming environments, with applications 

mainly to education, but not exclusively to it [15, 16].  

2.4 Computational Thinking through User Interfaces 

CT in education has recently gained popularity. Currently, CT has been mostly 

studied in secondary and tertiary levels, but much less in primary level and least at 

pre-school level. Integrating computational thinking in education also varies from 

preferring shorter and simpler activities to using more extensive and longer activities. 

The lack of skilled teachers and the difficulty to choose among many available tools 

for teaching CT have been identified as common educational challenges [17, 18, 19]. 

Nevertheless CT in education is popular because it is, naturally, a set of mental tools 

and strategies that can consciously be applied in problem-solving situations [5]. 

Accordingly, graphical user interfaces in the form of programming applications on 
tablets and computers have become popular in recent years, due to new federal and 

private initiatives making technological literacy a priority in schools (see e.g. [4, 20].  

Since Wing (2006) [3] popularized the term “computational thinking”, which was 

coined by Papert in 1980 and in 1996 [5, 11] there has been confusion about what 

exactly CT means. Papert associates clearly CT to generative and generic 

mathematical thinking and associated mathematical education. Jones (2011) [20] 

argues that Wing never really gave a solid definition of what exactly CT is; only a 

number of characteristics of CT. Perhaps for this reason Wing’s understanding of 

computational thinking encompasses a very wide range of ideas; everything from a 

way that humans, not computers, think “for everyone, everywhere” Yet, humans 

think in a very large variety of ways. [5].  
Computational thinking is a term to describe a set of thinking skills, habits, and 

approaches that are integral to solving complex problems using a computer and are 

widely applicable in the information society. There seems to be a growing consensus 

that CT is a fundamental (thinking, analytical, design and modelling) skill that 

everyone needs in our complex and technological culture. CT makes it possible for 

children to improve the analytical ability that may be helpful in STEM (science, 

technology, engineering, and mathematics) subjects and many other professional 

areas, even in daily life. The advantage of this early exposure to CT is that it will 

help children to build a solid foundation of algorithmic and data structures—the 

basic nuts and bolts of the mechanics of computer programming. Computer 

programming is an excellent way to develop CT skills [21, 22].  
Thus, programming and modelling skills and associated CT skills have become a 

mandatory part of everyday routine to an extent that school curricula should cater to 

provide these for future citizens. Computing, analyzing, representing or selecting 

data nowadays happens with the help of computer-oriented actions. No-one can deny 

the importance of programming and computation in everyday life, and this is the 



reason and the need to introduce relevant knowledge and make programming and 

CT a part of the curriculum at schools. [5]. In relation to thinking and problem-

solving, CT can be introduced around two distinct teaching programming paradigms, 

these of graphical/visual and these of tangible interfaces. The next sections elaborate 

to search, find and present such teaching environments examples and refer to their 

features in attendance to a tabular representation. 

3.0 Research Methodology and Research Scope 
For the context of this research study, we only focused on research studies that i) 

were related to the teaching of the concepts of computational thinking through 

graphical and tangible interfaces and ii) had already been used and studied for 
teaching programming to children.  

3.1 Search Terms and Resources Searched  

Initially, the main search was made with the help of the Google Scholar international 

online bibliographic database utilising the principles of systematic literature reviews 

[23] and also through a peer reviewed search with ERIC. Our searching key terms 

were: “Computational Thinking” as an exact phrase and following terms included at 

least one of the words “Tangible” or “Graphical” and also in combination with all of 

the terms “children”, “programming” and “interface”. We considered to examine the 
relevant (containing all the above terms) to our research published material from 

January 2002 to September 2017.  

3.2 Final Research Artefacts Selection 

A first step was to exclude papers describing case studies in process, posters, 

conference reports, and not related to the graphical/tangible interfaces and 

computational thinking papers. Afterwards, based on the papers’ abstracts, we 

excluded those articles that were irrelevant to programming curricula and tools and 
did not focus on children students learning. We, then, read through and considered 

the content of each article in order to explore the various technology-based pedagogy 

approaches used in the teaching of computational thinking through programming. A 

total of 1242 entries appeared after a Google Scholar search, which combined all 

secondary search terms with ‘computational thinking’, and which resulted in 118 

relevant papers after eliminating by title and removing those that were clearly not 

related to our focus study. After excluding the papers that were not related to the 

teaching of computational thinking and also removing all the papers that did not have 

an evaluation with a group of children, five papers were kept, which we mostly 

consider in this research study. Figure 1, next, summarises the research papers 

selection process. 



 

Figure 1. Papers Selection Process 

3.3 Research Results 
One can observe that introducing and teaching CT to children in an enjoyable way 
is an interesting and demanding issue. We found several published works dealing 

with programming tools for teaching the concepts and principles of CT. The next 

session provides a reporting review of the focus and attention of those papers. 

 

3.3.1 Graphical/Tangible Interfaces Evaluation for Teaching CT 
A number of approaches have exposed the principles of CT with graphical or/and 
tangible interfaces. The next section describes briefly the main features and usage of 

each of the pedagogical construction objects that are considered above, considering 

their classification to tangible, graphical and hybrid user interfaces.  

Table 1 provides an overview which at the same time serves as a broad taxonomy 

on the interfaces used for teaching CT to pupils of different ages. 

 

3.3.2 Results related to Tangible and Graphical User Interfaces 

KIBO: The system (see Figure 2) is based on a robot with accessories to support 

personalization and a collection of wooden bricks that represent the available 

commands. Each wooden brick has a separate barcode sticker while for the program 

creation the users/learners need to assembly the bricks in a logical sequence. For the 

program recognition, users need to scan each wooden block using the scanning 

system which is embedded on the robot [22].  



 

Figure 2. KIBO 

ScratchJr is another introductory programming language for the iPad and Android 

tablet that enables young children (age 5-7) to create their own interactive stories, 

collages, and games [4]. 

T-Maze, TanProRobot: These systems were designed by the same researchers [4, 

21]. T-Maze is a tangible - graphical game through which children try to guide a 

virtual character to escape from a virtual maze. Their latest release is TanProRobot, 
an active programming language with a real robot. [21]. 

CTArcade: This is a gaming environment that enables children to articulate CT-

related thinking patterns and conceptualize them as formal logic. [24]. 

CyberPLAYce: It is a tangible, interactive, cyber-physical learning tool for children 

supporting computational thinking and playful storytelling in particular. [25]. 

  

Table 1. Interfaces for teaching CT to children. 

Name Interface Approach Category Level Evaluation 

ScratchJr GUI Individual Application 4-7 

years 

old 

28 children 

T-Maze Hybrid Group Wooden 

Blocks 

5-9 

years 

old 

20 children 

CyberPLAYce 

(B-1) 

TUI Pair Panels 8-12 

years 

old 

6 pairs of 

children  

KIBO TUI Pair Wooden 
Blocks 

4-7 
years 

old 

322 children 
60 pre-

kindergarten 

CTArcade GUI Individual Web-based 10-15 

years 

old 

18 children 

 



3.3.3 Hybrid Toys and Hybrid Interfaces 

Notably, a number of the pedagogical objects/toys fall under the category of hybrid 

objects, which expose a combination of visual/graphical and tangible modes of 

interaction. Some tools, such as TanPro-Kit, Makey Makey, and LEGO WeDo allow 

their end-users to manipulate tangible objects and view the results on a traditional 

10 visual-based display. Similarly, TanPro-Kit, developed by Wang et al. (ref), is a 

set of visual programming blocks with a LED pad that presents visual animations 

and audible feedback according to the arrangement of the blocks. Unlike TanPro-
Kit, the Makey Makey kit is, now, commercially available. Originally designed in an 

MIT Media Lab, the Makey, Makey invention kit is now sold by JoyLabz to help 

adults and children of age 8+ to explore art and engineering. The Makey, Makey 

platform allows users/learners to turn everyday objects into touchpad inputs. The 

LEGO WeDo, sold by LEGO Education and made for children of age 7+, is both a 

construction set and a visual blocks programming interface that enables learners to 

design, build and program simple LEGO models. The LEGO WeDo is an incredibly 

popular environment because of its familiar LEGO platform; and it is most 

commonly used in schools and workshop settings. 

Other hybrid technology toys include programmable robots, which have visual input 

interfaces and tangible output. For instance, the Robo-Blocks interface is a 

programming interface that allows the learners to create a program by connecting 
physical command blocks and wirelessly control the motion of a floor robot. Sphero 

is a commercially available programmable sphere for children of age 8+. As a 

spherical robot that can be controlled from a smartphone or tablet application, the 

Sphero can change colours, move towards every direction, and even jump! Similarly, 

Bo and Yana, designed for children of age 5+, consists of a robot and a visual 

programming interface that helps kids to learn how to code by controlling robots and 

creating stories and animations. [26].  

4.0 Critical Appraisal on the Research Findings and 

Comparative Related Research 

In the previous sections we observed a number of visual/graphical or tangible 

pedagogic innovations in the teaching of CT that have gained popularity. Attention 

is also paid to hybrid toys and systems e.g. the combination of tangible interfaces 

and robots opens new avenues in the field of Educational Robots (ET). [12, 14]. 

Educational robotics can prove to be a new innovative instrument for education and 

learning. The scope of ER is definitely to enhance higher level thinking skills and 
abilities through robot development and programming. The programming languages 

used for ER at the moment are based mostly on graphical user interfaces. 

Simultaneously the field of tangible programming appears to evolve and might offer 

new ways of interaction between robots and students. [14].  

Although TUIs and GUIs designers have developed a series of educational (hybrid 

or not) systems, there are many open directions to further research and development. 

On one hand, more simple, sophisticating and less complex pedagogical tools should 

be available in schools for teaching CT and on the other hand there is a need to 

provide empirical evidence that may clarify the circumstances under which tangible 



and intangible programming languages and interfaces offer more benefits in a real 

class context. Even though tangibles are believed to be more efficient (easier for 

younger children) than graphical user interfaces, there is limited research that 

systematically explores the cognitive and social advantages of TUIs compared to 

traditional GUI solutions. [12, 14].  

Tangible technologies have also grown in popularity in recent years, especially after 

the recommendations from the American Academy of Pediatrics in 2003 for 
reduced/limited screen-time for young children. New robotics kits have evolved to 

become a modern generation of ‘learning manipulatives’ that help children to 

develop a stronger understanding of mathematical concepts such as number, size, 

and shape in much the same way that traditional materials like pattern blocks, beads, 

and balls once did [1, 2]. Tangible robotics kits may also expose young children to 

different kinds of learning. For example, tangible robotic manipulatives allow 

children to develop fine motor skills and hand-eye coordination while they are 

engaging in collaboration and teamwork [1, 2, 4].  

A tangible programming environment may have the same usage results with a text-

based or graphical-based programming language. The peculiarity of tangible 

environments has to do with the fact that instead of using graphical on-screen objects 

or selecting on-screen commands, real-world objects are being utilized to fulfil the 
programming process [6]. These results and observations, albeit from pilot studies, 

give us some assurance that the technical affordance of the platform will allow the 

learning community to generate engaging products that will get more kids falling in 
love with coding and exploring deep ideas in computational thinking and modelling. 

[27]. 

Learning a programming language for being able to do the basic computing 

operations is not so difficult, as it is not so difficult to learn any human language for 

covering the basic functions in everyday life. But learning a spoken language for 

understanding the meaning between the lines in conversation or in written text, 

learning to understand the jokes or generally “feeling” the language, is not an easy 

task. This has many requirements and many conditions that affect the learning 

process. Generalizing this idea in terms of a suitable programming language, 

someone can observe that it is not so hard to learn the basic commands of one 

specific programming language, or it is not even hard to write some simple lines of 
code; but coding general computable solutions for any given problem is a 

challenging task and also has many pre-requisites and needs. Two of them, and 

probably the most important, are to be able to a) think and b) communicate with the 

mysterious computing “machine”. This, for the record, could only and in a very 

broad sense, be called computational thinking (CT)!  

Apparently there seems to be no ‘current top expert’ to define the apparent need and 

relation of CT and digital literacy, but tentatively speaking the digital literacy’s 

preliminary role seems to be somewhat parallel with CT. It seems to be like a subset 

of the skills used by a computational thinker and modeller and at the same time, 

depending on the definition used, reaching the borders of computational thinking. 

Earlier research in computational modelling [5] has touched the need for CT by 

branching to the use of quite specific thinking skills for designing architectures for 

services and devices, associating CT and modelling to art, science, education, social 



interaction, problem-solving, software development tools, systems design and so on. 

However, as the use of devices extends the mental capabilities of the problem-solver, 

accessing the vast interpersonal domain of knowledge to extend the personalised 

knowledge of the problem-solver, and interacting with the other people to generate 

teamwork-based solutions, both have an important role in modern day problem-

solving processes. The latter of course depends on the problem at hand, and in clear 

CT there are parallel dimensions. 

5.0 About and Beyond CT and Learners’ Interfaces 

Is there a need for educational approaches to develop computational thinking skills 

for complementing problem solving skills? Problem-solving does not begin when a 

problem is first encountered. The process starts way before that. By and large, the 

concepts, methods, models, and knowledge (e.g., scientific results) that we use in 

problem-solving are not generated by an individual, but derived from the 
surrounding world. Learning is inextricably linked to problem-solving. The process 

of internalizing the external knowledge, training, and experiences, including e.g. 

strong (domain-specific) and weak (more domain-general) problem-solving 

methods into cognitive and metacognitive skills/knowledge, and further refining and 

connecting the mental schemata is a life-long (learning) process. 

It is known that cognitive skill does not transfer well, meaning that something useful 

from one domain might not (subconsciously) get triggered in another. Also, when a 

method from the interpersonal domain is internalized into a mental representation of 

it, it is likely to lose at least some of its potential abstract usefulness. Even when a 

weak problem-solving method is presented in abstract fashion there still is a context 

for it to bind to which is the abstract presentation itself. These are important to keep 

in mind when considering a good way to teach computational thinking to people. 

Therefore, not only what to teach in CT, but also how to teach CT are very relevant 

and valid considerations. 

In relation to thinking and problem-solving, CT can be defined around two distinct 

dimensions. Naturally, it is a set of mental tools and strategies that can be 

consciously applied in problem-solving situations. However, one might, again, ask: 

a) Will the mental tools and strategies of CT be applied? b) Does the possibility of 

application occurs in the individual learners’ conscious minds?  

It is understandable to take the previous questions on board since these issues have 

a lot to do with the subconscious cognitive processes. These tools and strategies exist 

in the domain of interpersonal knowledge, and they are important parameters in the 

evaluation of the effectiveness of the teaching of CT. 

It is a great educational challenge for IT professionals to design appropriate 

educational systems, practices and activities as well as tools which give a convincing 

answer to the question like what is it to learn for an unknown future. Regardless the 

great emphasis on the need to different sets of skills, which can be very useful for 



many purposes, it must also be understood that the idea of CT skills without manifold 

(critical, creative, reflective, and caring) thinking [28] is not educationally very 

sound. That is, educators must focus not only on what is useful but also on what is 

necessary to prevent future citizens from possible misuse of competences, 

knowledge and skills.  

Admittedly, using software and hardware, which are vital parts of computer 

programs, is not so difficult. Pressing some suitable buttons and getting some useful 

results can be taught during a short time. But how can someone make that machine 

program do exactly what is precisely wanted to do in a correct way? That is the 
question, which brings to the deliberate action for becoming a teacher of 

programming and computational modelling at a more abstract level. For being able 

to make the mysterious machine to do what you want, you need to find an acceptable 

and provable way to communicate with it, ideally as you would have to do if you 

needed to communicate with another human. But there is a problem - this machine 

cannot understand you (and your natural language) as cannot understand many other 

people worldwide (and their different languages). For this reason, programming 

languages have been invented. Each one serves a specific purpose and makes 

programmers’ lives ‘somehow’ easier, or at least, less complicated. 

6.0 Limitations of This Review 

Through conducting a literature review of research studies referring to tangible and 
graphical interfaces for teaching computing to children, several positive and negative 

characteristics have been revealed. For example, a number of researchers, also 

considered in our sample, have argued that ‘tangibles’, in general, have been the 

ideal choice for children in teaching abstract concepts because they are more 

understandable and usable by children. However, there are limitations to the work 

presented in this literature review study, which influence the direction of the research 

being conducted. Firstly, many of the tangible and graphical interfaces developed by 

many researchers do not make it to the commercial market; often they are innovative 

prototypes in a research environment. Secondly, due to the nature of working with 

children and prototypes, the children are introduced to the tool by the researchers. 

[29]. 

Related to this is also the fact that there is limited research into how teachers are 
using tools and methods for teaching computing. Recent analyses into papers 

published on Computer Science education research found out that only a small 

percentage of the related research studies were focused on computational thinking 

(4%) and teachers (18%). This is also supported by Bocconi et al’ s [30] investigation, 

which found out that there has been a lack of research into the development of 

support measures for teachers teaching computing and incorporating CT into the 

classroom through other than programming ways. [29].  

 

7.0 Summary and Future Research and Development 

In this review paper, the authors examined the concepts of tangible programming 

languages and graphical user interfaces for teaching computational thinking. The 

authors also proceeded to a short research review on the field’s related research 



outlining findings and insights to the possible benefits of tangible and graphical ways 

of teaching CT. It is rather less common to see computational thinking learning 

environments and pedagogy designed specifically for young children while 

assessments that are developmentally appropriate for this demographic are even 

sporadic [31]. Nevertheless, computational thinking is a key competency for the 21st 

century’s children. Further, CT is a skill that should be included in the curricula and 

be taught to students of all ages. 

Based on the findings and identified gaps on the learning needs, the authors suggest 

that a coherent proposal aiming at an integrated pedagogic application should be 

realised. This should lead to a fully introductory programming ecosystem that could 

be considered as a bridge between tangible and graphical solutions in teaching CT. 

This novel teaching CT pedagogical framework can be utilized as a learning 

platform to introduce the basics of programming logic with an easy and interactive 

way. Thus, primary school boys and girls will be able to conceptualize, reflect on 

and understand better what happens inside a computer (machine) with hands on 

experience and also improve their general abstraction STEM-related skills by 

playing creatively through a friendly interface. 

The obvious importance of digital literacy in our era can be evidenced from the 

attention it is paid to, ranging from primary school to job careers in the adulthood. 

People’s every day activities from primary school to adult education and future 
careers have been fully automated or technology-based so that many require from 

ordinary citizens to have some knowledge of computer technology. Thus, 

programming skills, computational modelling skills and associated manifold 

thinking skills have become a mandatory part of everyday routine to an extent that 

school curricula should cater to provide these for future citizens. Computing, 

analyzing, representing or selecting data nowadays happens with the help of 

computer-oriented actions. No one can deny the importance of programming and 

computation in everyday life, and this is the reason and the need to introduce relevant 

knowledge and make programming and CT a part of the curriculum at schools. 

Notwithstanding, the challenging question “how to teach programming and CT and 

who could teach them best?” still remain and need to further be researched, 

particularly in practice. 

8.0 References 
1. Bers, M. U. The TangibleK Robotics Program: Applied computational 

thinking for young children. Early Childhood Research and Practice, 
12(2), 2010.  

2. Bers, M. U. Designing digital experiences for positive youth 

development: From playpen to playground. Oxford University Press, 

2012. 

3. Wing, J. M. Computational thinking. Communications of the ACM 49.3 

(2006): 33-35. 

4. Pugnali, A., Sullivan A, Bers, M.U. The impact of user interface on young 

children's computational thinking. Journal of Information Technology 

Education: Innovations in Practice. 16. 171-193. 2017. 



5. Berki, E. Valtanen, J-P. Tiensuu, A. Grigoriadou K.. Research questions 

and approaches for computational thinking curricula design. In: Conf. 

Proceedings of Marchbank, P., Ross, M. Staples, G. and Uhomoibhi, J. 

(Eds) Computing Education from Enrolment to Employment. INSPIRE, 1 

(22). BCS, Southampton, UK, pp. 45-58. ISBN 978-0-9932889-7-5. 2017. 

(https://www.bcs.org/upload/pdf/inspire-2017-proceedings.pdf#page=45). 

6. Tsimplinas, A. Introductory Programming Ecosystem for Children with 
Mobile Application. Dissertation. 2014.  

7. Mannila, L., Dagiene, V., Demo, B. Grgurina, N., Mirolo, C., Rolandsson, 

L., Settle, A.. Computational thinking in K-9 Education. ACM Digital 

Library. 2014. 

(http://www.di.unito.it/~barbara/MicRobot/Pubbl16/Wg%20Iticse%20201

6.pdf). 

8. Lockwood, J., and Aidan, M.. Computational Thinking in Education: 

Where does it Fit? A systematic literary review. arXiv preprint 

arXiv:1703.07659 (2017). 

9. European Schoolnet. Computing our future: Computer programming and 

coding – Priorities, school curricula and initiatives across Europe. Oct 

2014.. 
10. Davies, A., Fidler, D., & Gorbis, M. 2011. Future work skills 2020. 

Institute for the future for Apollo research institute. CA, Palo Alto. 

11. Papert, S. Mindstorms: Children, computers, and powerful ideas. Basic 

Books, Inc., 1980. 

12. Sapounidis, T. and Demetriadis, S. Educational Robots Driven by 

Tangible Programming Languages: A Review on the Field. International 

Conference EduRobotics 2016. Springer, Cham, 2016.  

13. Ishii, H. and Ullmer, B. Tangible bits: Towards seamless interfaces 

between people, bits and atoms. Paper presented at the Proceedings of the 

SIGCHI Conference on Human Factors in Computing Systems, Atlanta, 

Georgia, United States. pp. 234-241. 1997. 
14. Sapounidis, T. and Demetriadis, S. Tangible versus graphical user 

interfaces for robot programming: exploring cross-age children’s 

preferences. Personal and ubiquitous computing 17.8, 1775-1786, 2013.  

15. Ichida, H., Itoh, Y., Kitamura, Y., & Kishino, F. ActiveCube and its 3D 

applications. Paper presented at the IEEE VR 2004 Workshop Beyond 

Wand and Glove Based Interaction, Chicago, IL USA. 28 Mar 2004. 

16. McNerney, T. S. From turtles to tangible programming bricks: 

Explorations in physical language design. Personal and Ubiquitous 

Computing, 8(5), 326-337, 2004. 

17. Blackwell, A. Cognitive dimensions of tangible programming languages. 

Paper presented at the Proceedings of The First Joint Conference of the 
Empirical Assessment in Software Engineering and Psychology of 

Programming Interest Groups, Keele, UK. pp. 391-405. 2003. 

18. Rich, P-J and Hodges, C-B (Eds) Emerging Research, Practice, and 

Policy on Computational Thinking. Springer, 2017.  

19. .Rijke, W., Bollen, L., Eysnik, T.H.S, Tolboom, J. Computational 

Thinking in Primary School: An Examination of Abstraction and 

https://www.researchgate.net/project/Computational-Thinking-in-Primary-School-An-Examination-of-Abstraction-and-Decomposition-in-Different-Age-Groups
https://www.researchgate.net/project/Computational-Thinking-in-Primary-School-An-Examination-of-Abstraction-and-Decomposition-in-Different-Age-Groups


Decomposition in Different Age Groups. Informatics in Education 17(1) 

April 2018. 

20. Jones, E. The Trouble with Computational Thinking. University of South 

Carolina. 2011. 

21. Wang, D, Wang, T. Liu Z. A tangible programming tool for children to 

cultivate computational thinking. The Scientific World Journal 2014. 

22. Sullivan, A., Bers-Umaschi M, Mihm C. Imagining, Playing, and Coding 
with KIBO: Using Robotics to Foster Computational Thinking in Young 

Children. Siu-cheung KONG. The Education University of Hong Kong, 

Hong Kong (2017): 110. 

23. Kitchenham, B. and Charters, S. Guidelines for performing Systematic 

Literature Reviews in Software Engineering Version 2.3. Engineering, 45 

(4ve): 1051, 2007. 

24. Lee, T. Y.. CTArcade: Computational thinking with games in school age 

children. International Journal of Child-Computer Interaction 2.1 (2014): 

26-33. 

25. Soleimani, A., Green, K.G., Herro, D., Walker, I-D.. A Tangible, Story-

Construction Process Employing Spatial, Computational-Thinking. 

Proceedings of the 15th International Conference on Interaction Design 
and Children. ACM, 2016. 

26. Lin, V.- J. Computational Thinking and Technology Toys. 2015. 

27. Blikstein, P., Sipitakiat, A., Goldstein, J., Wilbert, J., Johnson, M., 

Vranakis, S., Pedersen, Z., Carey, W.. Project Bloks: designing a 

development platform for tangible programming for children. Position 

paper, retrieved online 30.06.2016. 

(https://projectbloks.withgoogle.com/static/Project_Bloks_position_paper

_June_2016.pdf)..  

28. Valtanen, J. Berki, E. Kampylis, P. Theodorakopoulou, M. Manifold 

Thinking and distributed Problem Based Learning. Is There Potential for 

ICT Support? In: Commers, P. et al. (Eds) Proceedings of the IADIS 
Intern. Multi Conference on Computer Science and Information Systems 

(MCCSIS '08). E-Learning Vol 1, 145-152, Amsterdam, 22-26.7, 2008. 

29. Fleming, A. A User-Centred Investigation into the use of Tangible and 

Graphical User Interfaces for teaching Computational Thinking at KS1. 

(www.lancaster.ac.uk/undergrad/fleming2/). 

30. Bocconi, S. Chioccariello A., Dettori, G., Ferrari, A., Engelhardt, K. 

Kampylis, P., Punie Y. Exploring the Field of Computational Thinking as 

a 21St Century Skill. EU report. EDULEARN16: 8th International 

Conference on Education and New Learning Technologies. July 2016. 

(https://ec.europa.eu/jrc/en/publication/exploring-field-computational-

thinking-21st-century-skill). 
31. Portelance, D. J. Code and Tell: An Exploration of Peer Interviews and 

Computational Thinking With ScratchJr in the Early Childhood 

Classroom. Dissertaion. Tufts University, 2015. 

https://www.researchgate.net/project/Computational-Thinking-in-Primary-School-An-Examination-of-Abstraction-and-Decomposition-in-Different-Age-Groups
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwi5m_eGipXgAhWIfywKHUrRDvgQFjAAegQIABAB&url=http%3A%2F%2Fwww.lancaster.ac.uk%2Fundergrad%2Ffleming2%2F&usg=AOvVaw12cxLYcIpUx0cA8eQxWcdE

