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ABSTRACT 

Learning to program in computer code has been considered one of 

the pillars of contemporary education with benefits that reach well 

beyond the skills required by the computing industry, into creativity 

and self-expression. Nevertheless, the execution of computer 

programs usually takes place on a traditional desktop computer, 

which has a limited repertoire of input and output interfaces to 

engage with the user. On the other hand, pedagogy has emphasized 

that physical representations and tangible interactive objects 

benefit learning especially for young students. In this work, we 

explore the benefits of learning to code for ubiquitous computers, 

such as robots and wearable computers, in comparison to 

programming for the desktop computer. For this purpose, thirty-six 

students participated in a within groups study that involved three 

types of tangibility at the target computer platform: 1) desktop with 

Scratch, 2) wearable with Arduino LilyPad, and 3) robotic with 

Lego Mindstorms. Regardless of the target platform, we employed 

the same desktop visual programming environment (MIT Scratch, 

Modkit and Enchanting) and we measured emotional engagement 

and assessed students’ programming skills. We found that students 

expressed more positive emotions while programming with the 

robotic rather than the desktop computer. Furthermore, tangible 

computing platforms didn’t affect dramatically students’ 

performance in computational thinking. 
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Social and professional topics → Computer science education; K-
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Keywords 

Ubiquitous computing, embodiment, robot, wearable, learning, 
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1. INTRODUCTION 
The theory of constructivism supports that children learn by 

constructing their own understanding of the world when given 

active learning opportunities (e.g. experiments and real world 

problem solving). Papert [12] adds to this by introducing the 

concept of constructionism which suggests that learning occurs 

when students actively engage in the design and construction of a 

personally meaningful artifact [15]. Research in educational 

robotics is based on Papert’s hands-on, experiential theory to a 

great extent. Robotic computing platforms have been proposed as 

a means to engage students with a particular focus on the Science, 

Technology, Engineering and Mathematics (STEM) curriculum [1, 

11]. Besides the use of educational robotics, another application of 

constructionism in education, targeting mostly girls, is the use of 

computational textiles. E-textiles have been effectively used to 

introduce STEM sciences to students in a more appealing way. [3, 

6, 13]. However, limited research has been conducted on 

effectiveness of target computing platform. Although there is 

previous research on writing computer code through tangibles and 

on the effectiveness of using these platforms in order to acquire new 

skills, there is limited evidence on students’ attitudes and their level 

of engagement in the process of writing code for tangible 

computing platforms [6, 13]. 

Previous works in computer programming education for children 

have taken into consideration many parameters [7], such as visual 

programming environments (e.g., Scratch [14]), gender issues (e.g., 

Alice [8]), and pedagogy [5]. Nevertheless, there is limited 

consideration of the embodied dimension of learning, because most 

of the approaches are focused only on the cognitive aspect. Indeed, 

the desktop computer has been employed in most cases of computer 

education both as a programming tool and as the target for 

computer program execution. Although computer programming is 

a highly abstract and as a matter of fact cognitive activity, the 

learning of computer programming might be benefited if it is 

channeled through embodied mediums. In this work, we explore 

the benefits of teaching computer programming through embodied 

platforms, such as robotics and wearable computers. 

Our research questions consider the following issues: 

1. Is tangible computing more engaging than desktop computing 

in learning computer programming? 

2. Are there differences between boys and girls with regard to the 

preference of a tangible platform? 

3. Through which target platform, students can develop their 

programming skills more effectively? 

2. RELATED WORK 
According to the constructionist learning theory, children are better 

learners when they construct knowledge voluntarily, for a 

personally significant purpose, engaged in designing and creating 

visible objects such as computer programs, animations, robots and 

e-textiles [12]. For this purpose, they have developed computer 

programming environments and pedagogic strategies that favor the 

construction of knowledge through playing with real world 

metaphors or tangible objects. Nevertheless, there has not been any 

experimental evaluation of those theories and pedagogies in a real-

world classroom.  
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Robotic computing, such as LEGO Mindstorms, has been proposed 

as an inspiring framework for getting students involved with 

Science Technology Engineering Math (STEM) disciplines, as well 

as with computer programming [1, 11]. Benitti’s systematic review 

of the research [1], conducted on the use of educational robotics, 

indicates that through educational robotics learners developed 

skills such as: (i) thinking skills, (ii) science process skills/problem-

solving approaches, and (iii) social interaction/teamwork skills.  

Computational textiles (e-textiles) toolkits, such as Buechley’s 

LilyPad Arduino [3], although similar in many functional aspects 

to robotics construction kits, make use of soft materials instead of 

motors and gears, and incorporate crafting techniques such as 

sewing. E-textiles educational activities introduce other forms of 

expression, which historically have a more feminine orientation, 

therefore attracting a different population of students in 

engineering, programming and computer science [3, 6]. Qiu 

confirmed that using LilyPad to construct e-textiles can both draw 

attention to a diverse population and increase students’ comfort, 

enjoyment and interest in working with electronics and 

programming [13]. 

Another important research issue concerns the attitudes of the 

students. Attitudes and perceptions of expected behavior, 

determine how a person is likely to act in different situations such 

as learning computer programming. Therefore, positive attitudes 

toward computers can increase computer use and understanding of 

emergent skills in young and older users [4]. According to Beisser 

[2] prior technological experiences affect attitudes towards 

computing. Furthermore, it [2] was found that the technological 

confidence of girls has benefited by visual programming 

environments. With respect to confidence, multiple studies have 

also found girls’ comfort level increases with experience [16]. 

Therefore, it is important to evaluate computer programming 

systems in terms of student attitudes and intention to learn 

programming in the future. 

3. METHODOLOGY 
The goal of our research was to experimentally evaluate the 

comparative benefits of wearable and robotic computing as target 

platforms for learning to program. In addition we employed the 

desktop computing target platform as a point of reference. In each 

case, the visual programming environment was based on Scratch1. 

The attitudes and emotions of the students was measured with 

questionnaires before and after the use of the computing platforms. 

Furthermore computational thinking tests were applied for the 

assessment of students’ programming skills [9]. 

3.1 Materials 
The Desktop computer was employed in all cases as the 

development platform, but the program execution was performed 

on a different target platform, in order to reveal benefits that can be 

attributed to the type of tangibility (disembodied, textile, and 

robotic respectively). Firstly, as a point of reference, we used the 

desktop computer as a target platform and students developed with 

Scratch. For the wearable computing target platform, we employed 

the Arduino LilyPad system, which was programmed with the 

Modkit [10] visual programming environment. Finally, in the case 

of the robotic treatment the Lego Mindstorms platform was 

selected and the students developed their programs with the 

Enchanting visual programming environment. Both the Modkit2 

                                                                 

1 Scratch: http://scratch.mit.edu/ 

2 Modkit: http://www.modkit.com/ 

and the Enchanting3 are similar to the Scratch one, so we can safely 

assume that the differences between the different target platforms 

are due to the types of tangibility (disembodied, textile, and robot 

respectively) and not due to differences in the developer 

workstation. In both cases of the tangible computing platforms, the 

main motivation for selecting the hardware was the availability of 

a Scratch-like visual programming environment on the desktop 

computer (Enchanting and Modkit respectively). 

Table 1. We compare the benefits to learning computer 

programming on Different types of tangibility of the target 

platform. 

Tangibility Target platform 
Development 

software 

Disembodied Desktop computer Scratch 2.0 

Robotic Lego Mindstorms ΝΧΤ Enchanting 

Wearable Arduino LilyPad  Modkit  

 

The creation of the instructional material was guided by the need to 

represent the same computational concepts (e.g., for loop) and a 

time constraint of forty-five minutes for each target platform. The 

instructional material consisted of two parts. In the first part, the 

students were asked to put together an object on the respective 

target platform (desktop, robotic, wearable), which was a virtual 

Christmas tree, a moving robot, and a messenger bag with leds. In 

each case, the students were provided with the basic elements of 

the object and instructions for construction. In the second part of 

the instructional materials, the students were asked to write a 

computer program for the object they put together in the first part. 

We focused on three basic computational: 1) sequence, 2) repeat, 

and 3) if-then-else, concepts [9] and we asked the students to use 

the above programing notions in order to bring more life into their 

creations from the first part. Moreover, the instructional material 

included code examples that demonstrated the use of the 

computational concepts. Regardless of the type of tangibility the 

students were asked to create very similar computer programs, at 

least in terms of code. A two-month pilot study refined the activities 

in order to make them as similar as possible in terms of visual 

programming despite the fact that the three target platforms have 

significant differences. Both the preparation of the instrumental 

material and the tutoring of the courses were conducted by the some 

researcher. In summary, as long as the only difference in the 

instructional materials is the target platform, we can expect that any 

difference in attitude or emotion should be attributed to the 

treatment. 

3.2 Subjects 
The participants of the study were thirty-six students (eighteen girls 

and eighteen boys), which were randomly selected from the first 

grade class (between twelve and to thirteen years old) of a 

secondary education school. Three subgroups, with 6 boys and 6 

girls each, were created: the Disembodied – First, the Wearable – 

First and the Robotic – First. The order that each subgroup dealt 

iteratively with each target platform was randomized in order to 

minimize the learning effects of the within groups design. No 

student had received teaching in computer programming as part of 

previous formal education, but we also employed a demographic 

questionnaire in order to record previous computing experiences. 

3 Enchanting: http://enchanting.robotclub.ab.ca/ 

http://scratch.mit.edu/
http://www.modkit.com/
http://enchanting.robotclub.ab.ca/tiki-index.php


3.3 Measuring Instruments and Data Analysis 
The pre-tests before the computer programming activities consisted 

of a four-level Likert questionnaire that recorded their previous 

experience and attitude towards computers, coding, robotics, and 

electronics.  

The post-tests after the computer programming activities included 

a five-level Likert questionnaire according to the following 

semantic differentials emotions: happy-sad, confused-confident, 

boring-interesting, disappointed-satisfied, undetermined-

determined. They also included computational thinking 

examination, with 9 multiple choice and 3 gap filling questions, on 

the programming concepts investigated during the study. The data 

were collected through online questionnaires and tests and then 

were analyzed with SPSS. 

3.4 Procedure 
Firstly, the students filled-in the pre-tests that recorded their 

demographics and attitudes at their own convenience. In the 

beginning of the experiment the students were informed that they 

were going to participate in a voluntary activity about computing 

and that the exams of the activity do not count towards the grade of 

their normal course of study. Students worked in (same-gender) 

pairs on each one of the activities, but answered the questions of 

the post-tests individually. The emotion post-test was filled-in first, 

it was followed by students’ programming skills assessment. On 

different days (within the same week) the students were following 

the same procedure for the second and the third treatment of 

experiment. 

4. RESULTS 

4.1 Robotic computing is more exciting than 

desktop computing 
According to the mean averages in Figure 1 it appears that students 

prefer robotic computing in all five categories of emotions under 

investigation. In addition, wearable programming has been found 

to provoke more positive emotions than desktop computing. 

 

Figure 1. Emotions’ mean average segregated according to 

emotions and target platforms. 

The one way within – subjects’ analysis of variances (ANOVA) 

was applied, in order to verify whether there was a significant 

statistical difference between the students’ emotions. The results 

indicated that there was indeed significant difference in four out of 

five emotional categories. More specifically in categories: happy 

(Wilks’ Lambda = 0.745, F(2, 34)=5.81, p=.007 < .05), interesting 

(Wilks’ Lambda = 0.766, F(2, 34)=5.183, p=.011 < .05), satisfied 

(Wilks’ Lambda = 0.766, F(2, 34)=5.183, p=.011 < .05) and 

determined (Wilks’ Lambda = 0.577, F(2, 34)=12,466, p=.000 < 

.05). In the post – hoc analysis, the paired sampled t-test indicated 

that students felt happier and more interested, satisfied and 

determined with robotic computing than with desktop computing. 

4.2 Tangible Computing and Students’ 

Performance 
According to the correct answers’ percentage (Figure 2), it is 

obvious that in the sequence computational concept, students 

performed better in wearable and robotic computing than in 

desktop. In the repeat concept there were no major differences 

while in the If – else notion students performed better in desktop 

computing. Finally in the extended program node students gave 

more correct answers in robot computing. 

 

Figure 2. Correct answers’ percentage segregated according to 

computational concepts and the target platforms. 

Inductive statistical analysis showed no significant difference 

in students' performance in all computational concepts regardless 

of the target platform. It can be therefore inferred that the tangible 

computing platforms, employed in this survey, did not affect 

dramatically the student’s performance in programming. 

 

Figure 3. Correct answers’ percentage segregated according to 

order of treatment and the target platform 

Moreover, since a within groups experiment was applied in our 

research, as it was expected, students’ programming skills 

improved after each programing activity. According to Figure 3, 

Disembodied – First and Wearable – First students’ subgroups had 

the highest and smoothest improvement in their performance. 

Surprisingly, Robotic – First students’ subgroup, showed minor 

improvement on their programming skills, although a similar 

smooth increase in the performance was anticipated. It seems that 

using robots as the introducing target platform had a neutral 

learning effect. Nevertheless, further investigation is required to 

verify this finding. 

4.3 Gender and Tangible Computing 
With regards to the emotions boys reported to have experienced, 

ANOVA test revealed significant difference in categories: 

confident (Wilks’ Lambda = 0.641, F(2, 16)=4.477, p=.029 < .05) 

and determined (Wilks’ Lambda = 0.418, F(2, 16)=11.124, p=.001 

< .05). In the case of girls, the difference was found in the following 

categories: happy (Wilks’ Lambda = 0.482, F(2, 16)=8.591, 

p=.003 < .05) and determined (Wilks’ Lambda = 0.653, F(2, 

16)=4.249, p=.033 < .05). The post hoc analysis showed that more 
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positive emotions were reported in robotic computing than in the 

desktop for both boys and girls. 

 

Figure 4: Correct answers’ percentage boys vs girls segregated 

according to computational concepts and the target platforms. 

According to the students’ responses analysis in the computational 

thinking tests, girls performed better in all programming concept 

categories in this study. Statistical difference between boys’ and 

girls’ performance was confirmed by the independent samples T-

test in the If – else programming notion; t(106) = -2.109, p = 0.037. 

Unexpectedly, these results demonstrated that boys did not acquire 

more programming skills than girls. 

5. CONCLUSION 
The results of the experiment have confirmed that learning 

computer programing with ubiquitous target platforms is more 

effective than working only on the desktop. In particular, students 

expressed more positive feelings towards the robotic computing 

treatment. Although the wearable computing treatment has not 

been as favorable as the robotic one, it has been preferable to the 

desktop target platform. One possible explanation is that the 

wearable computing treatment in this experiment is based on the 

LilyPad platform, which is not as refined as the Lego Mindstorms 

one. Therefore, further research should consider again the wearable 

computing treatment with a more malleable implementation of a 

wearable target platform. Moreover, the results of the experiment 

have shown that there was no gender difference in the interest 

toward the type of the ubiquitous computing platform. Previous 

research has promoted wearable computing platforms as more 

engaging for girls (e.g., [2, 13]), but our findings indicate that girls 

were emotionally engaged in robots as much as boys do. In 

addition, it was found that girls were more interested in robotic than 

wearable computing. In further research, it is intended to repeat the 

experiment with other groups of students and additional activities 

following the student initiative in order to confirm our findings. 
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