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Abstract 

The present study aimed to determine the success and views of students receiving education on 

programming with robots. In the study, which was carried out with the mixed research method, 

the data were collected via a creative problem-solving test, applied performance evaluation test 

for programming with robots, a semi-structured interview form. The creative problem-solving 

skills test was taken from PISA 2012 conducted by OECD. The study was carried out with 9 

secondary school students. In the application process, first, the students were asked to fill in the 

creative problem-solving test. The creative problem-solving test included interactive 

simulations in online environment and questions regarding these simulations. Following this, 

the students were given education on programming with robots for one week. At the end of this 

education, a performance evaluation test regarding this education was given. Lastly, an 

interview form was used to determine the students’ views about the activity carried out. 
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Consequently, depending on the results of the applied performance evaluation test, the 

education could be said to be beneficial. As a result of the correlation test conducted, a moderate 

level of positive significant relationship was found between the students’ creative problem-

solving skills and their performance scores. When the students’ responses to the interview 

questions were examined, it was revealed that the students generally had positive attitudes and 

that the education given was motivating and entertaining and contributed to their learning of 

programming.  

 

Keywords: Pisa 2012, education on programming, robots, creative problem-solving skills 
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Introduction 

 

The number of information companies in the list of biggest companies in the world is gradually 

increasing (Witherspoon, Schunn, Higashi, & Baehr, 2016). The US Bureau of Labor Statistics 

(2014) predicts that the labor based on the computer science will keep growing with a rate of 

11% until 2022. The importance of computer programming is emphasized with the Hour of 

Code activity carried out for millions of students in more than 180 countries every year, and 

countries support this activity to a great extent. As a consequence, in a number of countries, 

various attempts are made to include the course of computer programming in related curricula 

as a compulsory course. Obviously, computer programming is increasingly considered to be 

among the basic skills that students are expected to acquire (Passey, 2017; Wong, Cheung, 

Ching, & Huen, 2016).  

 

Computer programming requires students to solve problems by making use of their imagination 

and creativity. Programming and coding are similar concepts in meaning. In the present study, 

the word ‘programming’ was adopted. In studies reported in related literature, it is pointed out 

that programming with a programming language can help develop students’ problem-solving 

and cognitive skills (Czerkawski & Lyman, 2015; Lau & Yuen, 2011; Wang, Li, Feng, Jiang, 

& Liu, 2012).  

 

Creative problem-solving, which is closely related with programming, refers to a mental 

process of findings solutions to a complex problem which requires creative thinking. In their 

daily lives, people encounter with complicated problems. It is important for people to have the 

ability to find creative solutions to complex problems at the end of a structured process of 

solving such problems so that they can become successful in life. Organization for Economic 

Cooperation and Development (OECD) regards creative problem-solving skills as one of the 

key skills necessary for people to become successful in their future jobs. Parallel to this, with 

the Program for International Student Assessment (PISA) conducted by OECD, the problem-

solving skills of students in member countries have been being measured at regular intervals 

since 2003.  

 

Traditional programming languages are likely to be found too complex and hard to learn by 

K12 students (elementary school, secondary school and high school students) (Álvarez & 
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Larrañaga, 2015; Kelleher & Pausch, 2005; Kurebayashi, Kamada, & Kanemune, 2009; Major, 

Kyriacou, & Brereton, 2012). This situation causes students to end up with failure in courses 

of introduction to traditional programming and thus to develop negative attitudes towards 

courses of programming (Ala-Mutka, 2004; Korkmaz, 2016; Robins, Rountree, & Rountree, 

2003).  

 

Several tools such as scratch and code.org have been developed to do programming with the 

use of code blocks, which does not require any programming by writing and to teach a simple 

algorithm of programming to students. This type of tools allows students to learn in a more 

entertaining environment by removing the complexity of the authoring language. Another 

alternative in programming education is programming with robots. Similar to programming 

with robots, the softwares developed in a scratch-like programming environment can run on a 

robot. In this way, students can program the robots they have developed themselves, and they 

have the opportunity to witness the results of the program they have developed.  

 

In related literature, there are several studies demonstrating that programming with robots is a 

more effective and entertaining method when compared to traditional programming education 

(Kurebayashi et al., 2009; Liu, Newsom, Schunn, & Shoop, 2013; Major et al., 2012). Patterson 

(2011), who examined 19 studies in literature, and found that use of robots in 14 of these studies 

had positive influence on programming education. It is reported that education on programming 

with robots is engaging and motivating and that robots could sometimes be dreadful as they 

require mechanical installation (Liang, Fleming, Man, & Tillo, 2013; Lykke, Coto, Mora, 

Vandel, & Jantzen, 2014). Therefore, it is important to provide students with guidance in the 

process of mechanical installation of robots.  

 

Teaching computer programming to K12 students is thought to develop their thinking skills 

involving information processing and to improve the learning outcomes at university level 

(Mayer, 2013; Wong et al., 2016). Similarly, it is pointed out that robotic programming plays a 

very important role in the development of students’ thinking skills involving information 

processing and that it is increasingly regarded as one of the basic skills at K12 level (Alimisis, 

2013; Barr & Stephenson, 2011; Eguchi, 2015; Grover & Pea, 2013; Witherspoon et al., 2016). 

 

In related market, there are a number of tools for robot use in programming education. Among 

these tools, the most popular one is MindStorms developed by Lego company. Lego produced 
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its first programmable MindStorm robots with MIT in 1998. These first robots were called 

MindStorms RCX. In 2006, MindStorms NXT was developed, which was followed by 

MindStorms NXT 2.0 in 2009 and lastly by MindStorms EV3 in 2013 (Patterson, 2011). In the 

present study, the Lego MindStorms EV3 basic education set was used. In Lego MindStorms 

EV3 robots, there is one programmable brick. On this brick, four ports are found to connect the 

engines and sensors. In addition, in the basic education set, there are two big and one small 

engines, a color sensor, a touch sensor, gyro sensor, an infrared sensor and various plastic parts 

to produce simple robots. It is possible to produce a wide variety of robots by using these parts. 

It is necessary to develop a different programming logic for each robot produced (Koç & Böyük, 

2013). Figure 1 presents a MindStorms robot designed in a way to move on two wheels. In 

order for this robot to stay in balance on two wheels, the Gyro sensor should be programmed.  

 

 

Figure 1. Lego MindStorms robot able to move on two wheels  

 

In order to program MindStorms robots, code blocks are used in a visual environment which 

does not require code writing. These blocks allow doing such basic programming functions as 

defining the variables, doing calculations, making decisions and establishing cycles. Also, 

specific to EV3, blocks are found for use of engine and sensors. Figure 2 illustrates a sample 

program written for EV3.  
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Figure 2. Sample program for MindStorms EV3  

 

In an experimental study carried out by Korkmaz (2016) with a pretest and posttest control 

group, Lego MindStorms EV3 robots were used in the course of C++ programming in the 

department of Computer Engineering. The results of the study demonstrated that the students 

in the experimental group who used the Lego MindStorms EV3 robots had significantly higher 

levels of academic achievement when compared to those in the control group. In addition, the 

study also revealed that the Lego MindStorms EV3 robots had positive influence on the 

students’ attitudes towards computer programming.  

 

In another experimental study which lasted two years and which was conducted within the 

scope of Basic Programming Course in the department of Computer Engineering at Bask 

University in Spain, the influence of Lego MindStorms robots on programming education was 

investigated. In the study, a significant increase was observed in the students’ motivations and 

in their perceptions of their own learning, and a decrease was found in their drop-outs of the 

course. On the other hand, in the same study, no significant difference was found between the 

experimental and control groups with respect to the students’ levels of academic achievement 

(Álvarez & Larrañaga, 2015).  

 

When other related studies in literature were examined, it was seen that there was an increase 

in the number of such studies on programming with robots. Figure 3 presents the numbers of 

studies on programming with robots for the years 2012 to 2016 according to the Scopus 

database. 
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Figure 3. Numbers of studies on programming with robots by year  

 

When Figure 3 is examined, it is seen that there was a rapid increase in the number of studies 

on programming with robots by year. Therefore, it could be stated that programming with 

robots is a popular and important field. Programming with robots is not just field related to 

programming education but an important field of research which contributes to students’ 

thinking skills involving information processing as well as to their creative problem-solving 

skills. In Turkey, a very few related studies have been conducted. Considering the importance 

of programming with robots in international literature, more studies in number are expected to 

be conducted in our country. Therefore, the purpose of the present study was to examine the 

performances and views of students taking education on programming with robots.  

 

 

Method 

 

This part includes the research model, data collection tools, participants, data analysis, validity 

and reliability studies and the application process.  

 

Research Design 

 

In the study, the mixed research design involving the combined use of qualitative and 

quantitative methods was applied. According to Creswell (2009), mixed methods require use 

of qualitative and quantitative data together and include the phases of data collection, analysis 
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and interpretation. In addition, mixed methods allow collecting more detailed data thanks to the 

two methods. This study also has a correlation research design due to its quantitative aspect.  

 

When the related literature is examined, it is seen that there are a number of classification 

methods for mixed method studies. In a classification provided by Johnson and Onwuegbuzie 

(2004), a three-dimensional typology was used: (1) Level of mixing (partially mixed versus 

fully mixed), (2) time orientation (concurrent versus sequential) and (3) emphasis of approaches 

(equal status versus dominant status). Depending on the typology mentioned above, the present 

study can be regarded as partially mixed method research being sequential in terms of time 

orientation (first quantitative and then qualitative) and dominant in terms of status. 

 

Participants  

 

The participants in the study were nine students from the sixth and seventh grades of 

Zağnospaşa Secondary School in the city of Balıkesir. While determining the number of the 

participants, the number of robots to be used during the education was taken into account. Of 

all the participants, five of them were male, and four of them were female. Among the 

participants, only one student learned the subject of scratch within the scope of the course of 

Information Technologies, and none of the other students had any experience in programming.  

 

Data Collection Tools  

 

Within the scope of the study, the research data were collected via the Creative Problem-

Solving Test (CPST), applied performance evaluation questions and a semi-structured 

interview form.  

 

1. Creative Problem-Solving Test (CPST): CPST included the problem-solving questions 

found in PISA 2012. In CPST, there were open-ended multiple-choice questions. The 

answer key of the test was prepared by OECD, and the students’ responses to the test 

were scored using this answer key. In this test, the participants were exposed to real-life 

case problems (for example, buying a train ticket) in a two-dimensional simulated 

environment. The simulations were presented to the students in a web-page environment 
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in which HTML5 Canvas was used. The students interacted with the simulations and 

responded to the questions related to the simulations.  

2. Applied Performance Evaluation Questions: These questions were those directed at the 

end of the education in relation to the subjects the students learned. The exam was 

conducted in an applied manner, and the students tested the questions on robots. The 

exam questions were prepared by one of the researchers and arranged and finalized in 

line with the suggestions of the other two researchers.   

3. Semi-Structured Interview Form: The semi-structured interview form was made up of 

seven open-ended and one close-ended questions. The interview form was developed 

collaboratively in line with the related studies in literature.  

 

Data Analysis  

 

Within the scope of the study, for CPST applied to the students, the evaluation key of PISA 

was used, and the scores obtained were noted down. As for the analysis of the participants’ 

responses to the applied performance evaluation questions, their responses were evaluated first 

individually. Following this, different aspects were evaluated together for consistency. The 

qualitative data were analyzed using the thematic analysis method. This process included three 

phases: description, analysis and interpretation. In the description phase, what the students said 

was determined. In the analysis phase, relationships were established between the data and the 

themes obtained via the data. With the interpretation of the findings within the context of the 

study, the qualitative research process suggested by Yıldırım and Şimşek (2008) was 

completed.  

 

Validity and Reliability  

 

For CPST, one of the data collection tools used in the study, the evaluation key of PISA was 

used. For the applied performance evaluation questions, the researchers formed the scoring 

system collaboratively, and all the questions were evaluated together. In this way, the purpose 

was to ensure consistency. The data collected via the semi-structured interview form were 

evaluated one by one, and each researcher created his or her own coding key. The reliability of 

the coding schemes formed by the researchers was examined by a field expert, and the coding 

schemes were found to be consistent with each other. After ensuring consistency, the data were 



Serkan Çankaya, Gürhan Durak, Eyup Yünkül 

437 

divided into themes. In addition, by providing frequent quotations, the students’ views were 

reflected strikingly.  

 

Application Process  

 

On the first education day, the students were informed first about the purpose of the study and 

then about how the process would function as well as about what they would meet. Before 

starting the education, CPST prepared by PISA (2012) was applied to the students via a web 

form. Following this, the robots were distributed to the students, and few sample applications 

were carried out in relation to what the robots could do. During the education, the focus was 

first on algorithm and on basic programming. Next, related examples were given. Following 

this one-week phase of education, the applied performance evaluation questions prepared by 

the researchers were directed to the students. Lastly, individual interviews were held with all 

the students regarding the robot education they had taken.  

 

 

Findings and Discussion  

 

This part presents the findings in Tables, and the findings were interpreted in comparison with 

the findings obtained in other studies in related literature.  

 

Table 1  

Distribution of Students’ CPST Scores and Their Performance Evaluation Scores  

Student Code Performance Evaluation CPST* 

S1 100 82 

S2 55 64 

S3 75 36 

S4 75 55 

S5 50 23 

S6 55 32 

S7 90 59 

S8 85 45 

S9 80 45 

Mean  74 49 

*CPST scores were given out of 100. 
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The CPST coding key is originally evaluated out of maximum 22 points. Therefore, the scores 

were converted into scores out of 100 to make it possible to make comparisons with the 

performance evaluation scores. When the students’ scores in the CPST test applied before the 

education were examined, it was seen that they had a mean score of 49 out of 100. This mean 

score could be said to be generally low except for one or two students. At the end of the one-

week education, the applied performance evaluation questions were directed to the students, 

and the students’ mean score was calculated to be 74. When their performance scores were 

examined, it was seen that they had high scores except for one or two students. Depending on 

this situation, it could be stated that the education the students took was beneficial. In most of 

the studies reported in related literature (Kurebayashi et al., 2009; Liang et al., 2013; Liu et al., 

2013; Lykke et al., 2014; Major et al., 2012; Patterson, 2011), findings supporting the situation 

in question were obtained.  

 

In the study, the relationship between the students’ CPST scores prior to the education and their 

performance scores was examined. For this purpose, “Spearman’s rank-order correlation 

analysis” was conducted on the data.  

 

Table 2  

Relationship between the Students’ CPST Scores and Their Performance Scores  

   Performance CPST 

Spearman's rho 

Performance 

Correlation Coefficient 1,000 ,624* 

Sig. . ,036 

N 9 9 

CPST 

Correlation Coefficient ,624* 1,000 

Sig.  ,036 . 

N 9 9 

* Significance level was taken as 0.05. 

 

 

When Table 2 is examined, it is seen that Spearman’s rank-order correlation analysis applied 

to determine whether there was a relationship between the students’ applied performance scores 

and their CPST scores revealed a moderate level of positive significant relationship between 

two variables (r=,624; p<,05). This finding was found consistent with those obtained in other 

studies in related literature (Czerkawski & Lyman, 2015; Lau & Yuen, 2011; Wang et al., 

2012).  
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Students’ Views about Education on Programming with Robots  

 

Table 3 and Table 4 demonstrate the themes and sub-themes obtained via the interviews held 

with the students.  

 

Table 3  

Students’ Views Before the Education on Programming with Robots  

Themes Frequency (f) 

Experience in Education on Programming  

 Yes 

 No 

 

1 

8 

Experience in Education on Programming with Robots  

 Yes 

 No 

 

0 

9 

Views before Education  

 Feeling of curiosity  

 Expecting it to be entertaining  

 Expecting it to be difficult  

 

6 

5 

2 

 

When Table 3 was examined, it was seen that almost all the students did not have any previous 

experience in programming education. Similarly, it was also seen that the students did not have 

any experience in programming education with robots. Before the education, the students’ most 

frequent responses to the question of “what were your thoughts when you first heard about such 

an education?” included “I was curious about it” and “I thought it would be entertaining”. 

Among the students, two of them reported that it would be difficult. In relation to this, one of 

the students, S2, said “I thought it would be beautiful and entertaining”, while another student, 

S8, said “At the beginning, I was curious about it, and I thus got excited. I was also happy to 

receive education on coding”. S1, another student who thought it would be difficult, said “…I 

expected it to be nice, but I thought it would be difficult because I know robots are complex”. 

The students’ expectations that education on programming with robots would be difficult are 

parallel to the findings of other studies reported in related literature (Liang et al., 2013; Lykke 

et al., 2014). One reason for such expectations could be the fact that robots have a mechanically 

complex structure.  
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Table 4  

Students’ Views about Education on Programming with Robots  

Themes Frequency (f) 

Your overall views about the education  

 Positive 

 Negative 

 I had no related difficulty  

 I sometimes experienced difficulty 

 

9 

0 

7 

2 

Robots’ contribution to programming education  

 I prefer education on programming with robots  

 I prefer education programming without robots  

 This education programming contributed to my learning  

 This education programming did not contribute to my learning  

 

9 

0 

7 

2 

Motivation & interest in programming  

 It increased my motivation  

 It increased my interest in programming  

 

9 

9 

Spread of education on programming with robots  

 It should be spread  

 Programming education should be given at earlier ages  

 

9 

5 

 

In the study, the students were asked to report their overall views about the education on 

programming with robots and to state whether they experienced any related difficulty or not. It 

was found that all the students reported positive views about the given education. In relation to 

this, one of the students, S4, said “We learned really necessary things via the education, and 

the lessons were quite entertaining.” During the education, a great majority of the students 

stated that they did not experience any related difficulty. In literature, it was reported that during 

an education on programming with robots, certain compelling situations are likely to be 

encountered especially in the installation phase of robots (Liang et al., 2013; Lykke et al., 2014). 

In order to avoid such difficulties, students could be provided with guidance regarding the 

installation of robots at the beginning of such an education. Another finding obtained in the 

present study was that the Lego MindStorms EV3 robots used during the education had a 

relatively simple structure when compared to other similar robots. On the other hand, two of 

the students pointed out that they experienced difficulty in certain applications. In relation to 

this, one of the students, S1, said “While doing the codings with robots, I found the 

mathematical operations difficult.” Following the education on programming with robots, all 

the students stated that they preferred to take the education on programming with robots. 

Regarding this, S5 said “I prefer the coding education given with robots because I learned 

more easily when tested it on robots”, while another student, S1, said “I prefer the coding 

education with robots not only it is entertaining but also because it contributes to our 
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concentration”. In the study, most of the students stated that the education they had taken 

contributed to their learning programming, while two of the students reported that the education 

did not make any related contribution. In relation to this, S5 said “I don’t think it made any 

contribution to my learning. As it mainly has a structure similar to the coding language, I think 

we will be able to write codes much more easily if we learn the coding language”. All these 

findings are consistent with those obtained in a number of studies examined by Patterson 

(2011), who reviewed the related literature. As a response to the question directed to examine 

the influence of programming education with robots on the students’ motivations, all the 

students stated that it increased their motivation and that the education increased their interest 

in programming. In relation to this, one of the students, S6, said “I was already interested in 

coding, but with this education, my interest in coding increased more”. Another student, S9, 

said “… of course, it increased my motivation. Also, my interest in coding increased as well”. 

All these findings are supported by those obtained in other related studies which revealed that 

programming with robots contributes to students’ motivation (Álvarez & Larrañaga, 2015; 

Kurebayashi et al., 2009; Liu et al., 2013; Major et al., 2012; Patterson, 2011). Lastly, the 

students were asked to report their views about the spread of programming education with 

robots in future, and all the students reported that such educations should be spread. In addition, 

most of the students suggested giving such educations at earlier ages. In relation to this, one of 

the students, S4, said “It should be spread because it is both entertaining and productive. I 

really would like to go on taking such education”, while S5, another student, added “Also, it 

should be given throughout Turkey”.  

 

 

Conclusion and Suggestions 

 

The present study, which aimed to determine the views of students taking programming 

education with robots about the method, was limited to a total of nine students attending a 

secondary school in the city of Balıkesir. In the research process, where qualitative and 

quantitative methods were used together, the education given could be said to lead to positive 

results. It was seen that the students who had not taken any programming education before had 

a high achievement mean score in the evaluation done at the end of a one-week education. The 

results revealed a moderate level of relationship between the students’ creative problem-solving 

skills and their post-education performance evaluation scores. Therefore, students with a high 
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level of creative problem-solving skills could be said to be more successful in programming 

education.  

 

In addition, the students reported that they found the given education entertaining and that it 

increased their motivation. Considering the fact that all the students preferred programming 

education with robots to traditional programming education, it could be stated that the spread 

of such applied education should be spread. Depending on the findings obtained in the study, 

the following suggestions could be put forward:  

 Experimental studies could be conducted to reveal the differences between traditional 

programming education and programming education with robots. 

 Attitude scale development studies could be designed regarding programming 

education with robots. In this way, students’ attitudes could be examined with respect 

to several variables.  

 In line with the positive findings, it is important to use robots in programming education 

especially at K-12 level and to include programming education more in curricula.  
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