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Article Info Abstract

Keywords: Because of their traditional programming structures that have user-hostile interfaces and
complicated syntax, programming languages education doesn’t catch students’ attention

Ifsrt)l)gorzr(:r]slning Education and mqst of them find programmin.g. difﬁcult and. consider it as a job that only
LEGO® Mindstorms professionals can do. In o.rder t(.) minimalize the dlfﬁcul.ty and drawback and hejlp
Problem Solving Skills st.udents acquire programming skills, programmmg.educatuon must be su.pported Wlth
Academic Success visual and tangible tqols. In this study, effect qf robqtlcs assmted.pro.grammmg education
Motivation on student§’ achemlc s.uccess,.problem sqlvmg. skills and motivation was analyzed. In
the study, in which quasi-experimental design with pretest-posttest control group, one of
the quantitative methods of research was used and the study was carried out on 50
students split into experimental and control groups. Robotics assisted ROBOTC
programming education with LEGO® Mindstorms EV3 was carried out with the students
of experimental group and for the control group basic C programming education was
given. As a result of the data obtained within the scope of the study that lasted for 8
weeks, it was found that academic success, problem solving skills and motivation of
students who received robotics assisted programming education were higher than who
Research Article received robotics unassisted programming education.

1. Introduction

Nowadays, changes occurring in the learning approaches have led to the development and changing of
instructional technologies. Along with the constructivist learning approach, learning environments where
learners can construct the information themselves have come up. For these brand new learning
environments, new and improvable instructional technologies are required. One of these technologies that
is used nowadays is Lego which plays a significant role in terms of development of children’s metacognitive
skills. Learners can design a set of robots and can program them.

Legos are significant for children’s development of intelligence (Whitebread et al., 2017). They stand out
as substantial and efficient tools as they have the positive effect of developing children’s intelligence and
individual skills. Legos are colorful modules that are formed by plastic components and also, they can be
detached anytime wanted. Space of a block is completed with another block and new structures are formed.
Legos offer children interaction with the real world (Resnick et al., 1996). Children using these blocks can
construct the objects or structures they see in the real world and while constructing they can find answers
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to many questions on their own. Therefore, user participation in robot design processes is considered to
make a valuable contribution to the acceptance of social robots in everyday life (Reich-Stiebert et al., 2019).

Earliest forms of Lego first appeared in 1949 and took its final form in 1958. In 1955, in Nurnburg Toy
Fair, System of Play was introduced and this was a turning point in the future of Lego. Pieces of bricks
which later on led to Lego were patented in 1961 (Doénmez, 2007). In our time, Legos are programmable
structures. Various software was developed to program these structures. Logo programming is one of these.
Papert and his team developed the Logo software in 1960s in the Laboratories of Massachusetts Institute
of Technology. (Resnick, 1993). After the emergence of software, a number of pieces have been added to
Legos. They have become more functional with such pieces as engines, sensors and wheels. A number of
new designs were seen thanks to Lego® Mindstorm NXT sets that appeared firstly in 1998 and were later
developed in 2006. Lego® Mindstorm NXT series which offers richer options with its flexibility and various
pieces is a preferred set in instructional processes especially in terms of its usability and applicability.

Lego® Mindstorms NXT robot kit, which was designed by the scientists of Massachusetts Institute of
Technology, is a technology enabling students to develop robots on their own. In Lego® Mindstorms NXT
sets, there are Lego bricks, an integrated system which enables controlling by computer, sensors (sound,
light etc.) and engines for motion. Classical robot designing process requires high level of experience in
such fields as mechanics, electronics and computer. However, mechanical structure of the robot designed
by Lego bricks and programming of the robot with pre-integrated system and sensors can be performed at
an easier level (Cavas et al., 2012).

By means of robots created by Legos, students can construct, program and design and they can also engage
in entertaining, instructional, creative and collaborative activities. Robots created by Legos are efficient
tools for students to learn several basic concepts of such fields as engineering and technology. Moreover,
they make up instructional activities which help students develop their individual skills in the fields of
engineering and technology. These robots develop students’ mathematical thinking skills, collaborative
learning skills, problem solving skills (Sdez-Lopez, Sevillano-Garcia & Vazquez-Cano, 2019) and teach
them scientific thinking, the logic behind programming and engineering processes (Sullivan, Bers & Mihm,
2017).

Use of robots in education can be carried out either individually or by groups. The robot-student relation
gains importance in terms of creative thinking in these processes. Students are expected to find creative
solutions for the problems and to produce robotic products. Robot competitions can be quite efficient for
students and student groups. As they are used in robotic instruction, they increase searching skills,
willingness for exploring and group work skills (Sabanovi¢ & Yannier, 2003). Use of robotic processes in
education has been increasing day by day (Scherer et al., 2020). Researches reveal that robotic processes
have positive effects in fields of Science, Mathematics, and Engineering (Benitti, 2012; Eguchi, 2010). It
is possible to say that robotic practices increase work motivation as learners create indiviual learning
environments and produce their own products (Lin et al., 2009; Lin, Liu & Huang, 2012)

Kapa (1999) looked into effects of logo assisted learning environments on problem solving skills, group
interaction and individual learning. 15 of the students were randomly grouped as pairs and 15 of them were
grouped individually. There were meaningful differences between the logo group and other students in
terms of problem solving. Logo support had positive effects in learning on both of the groups. Lindh and
Holgersson (2007) carried out a research on 5™ grade students. In this research, effects of robotic toys (lego)
on students’ mathematic and problem-solving skills were searched. It was carried out in the form of pretest
and posttest. Data from different age groups, classes and schools were gathered. As a result of the analysis,
there was no meaningful difference between control group and experimental group, yet it was identified
that students who enjoyed problem solving activities were more successful and also that ones who received
lego-logo instruction were a lot more successful the following year.

Beisser (2006) emphasized the effect of lego-logo assisted instruction on female students’ use of technology
skills. According to the research, it was seen that female students couldn’t make use of technology
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effectively and that they generally avoided using technology in problem solving processes. With computer
assisted classes there was a rise in technology use of female students. They had more self-confidence after
engaging in technology assisted classes. In the research carried out by Atmatzidou et al. (2008), primary
and secondary school students’ use of Lego® Mindstorms for programming subjects in learning
environments was focused on. In the study, cooperation and competition of students were emphasized. With
two problem sets, students were asked to identify robots’ sensor using conditions. With this robotic study,
students developed problem solving and programming skills and this increased the sense of competition in
groups and thus they were prevented from losing their motivation.

McWorther (2008), in his study, aimed at identifying the learning and teaching connections between self-
setting learning and Lego® Mindstorms robotic activities in his computer programming course in the
university. For this purpose, student motivation, learning strategies, and students’ achieving the goals of
the course were analyzed. No meaningful difference was found between the groups at the end of the study.
The reason for this was seen inadequate number of lego pieces and robots. However, according to the
survey, it was concluded that students had fun in lego practices and that by using lego, a number of learning
tools or activities could be used in learning environments in many ways. Besides, it was understood that
instruction with lego was an effective learning method in computer programming at university level.

In the master thesis written by Cayir (2010), whether lego-logo assisted learning environments had any
effects on 8th grade students’ scientific process skills and self-perception was analyzed. With the obtained
data, it was concluded that lego-logo assisted learning environments had positive effects on students’ self-
perception. It was identified that in control and experimental groups, there was no meaningful difference
in scientific process skills in the results of posttest scores and also it was determined that there was an
increase in pre and post experimental processing skill levels of the students in the experimental group. It
was revealed that lego-logo assisted learning processes had positive effects on self-perception and scientific
process skills which are significant for the development of the students.

Sartori et al. (2012) studied the robotic learning processes of university students aged between 13 and 19
with Ingenium project for the purpose of developing curriculum. In the study, they identified that robotic
environments improved the general school performance of the students. The study was carried out to
identify the efficiency of learning through such learning approaches as peer learning, deductive learning,
experiential learning, initiative learning and observational learning. How learning processes can more
understandable or simplified was analyzed in order to improve instructional environments. At the end of
the study, it was seen that robotic environments and peer learning had positive instructional effects on
learners. Researchers suggested that learners should participate in the activities actively as they needed to
increase their internal motivation.

In the study of Gandy et al. (2010), in order to test the basic level programming knowledge of the students
who were studying in the departments of Computer, Engineering and Technology in Sunderland University,
a project focusing on the use of Lego® Mindstorms NXT was designed. At the end of the project, it was
seen that programming skills of the students had improved. On the other hand, in a study that was carried
by Resinovic (2015) on a small group, it was seen that game programming and computer programming
skills could be thought easily using humanoid robot and visual programming languages. Furthermore, it
was emphasized that such practices would probably help students acquire robotic knowledge and skills and
motivate them and improve their Computational Thinking skills.

In a research carried out by Saleiro et al. (2013), it is stated that by using low cost, classroom based,
instructional robots, problem-based learning activities and mathematical reasoning education could be more
successful and motivating. It is also indicated that these robot systems (PIC microcontroller, Arduino or
Raspberry Pi based and programmed by Blockly), which do not require the installation of any additional
software, can be used successfully even for 3™ and 4" grades. A Robot, developed by Yadagiri et al. (2015)
to teach basic concepts of programming by robot programming, a labyrinth based instructional game and
results of another study in which block based visual robot programming tool was used, showed that use of
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such learning environments in programming education for 12" grades facilitated fast, simple and
entertaining learning.

Depending on the results obtained from the literature; it can be asserted that robotics assisted programming
and instructional robots are used commonly in classroom environments. Also, it can be stated that use of
such tools helps students learn programming skills quickly, easily and entertainingly, increases their success
and willingness and improve their motivation, creative thinking and problem-solving skills. In
programming education, many concepts and processes remain abstract for students, and students have some
difficulties in embodying the learned information. Concepts learned with traditional programming
education are difficult and complex for students (Kunduracioglu, 2018). With these difficulties, students
cannot be motivated to programming lessons; depending on the decrease in motivation, problem solving
skills decline and students' success decreases (Jenkins, 2001). It is thought that students' difficulties in
understanding the concepts related to programming and their inability to structure them in their minds are
due to the abstractness of the operations (Bosse & Gerosa, 2016; Yukselturk & Altiok, 2017). The problem
status of this study is to provide robotic-assisted programming education with LEGO® Mindstorms training
kits in order to increase motivation for the lesson, develop problem-solving skills and increase the success
of the lesson. The aim of this research is to specify the effects of robotics assisted programming education
on students’ academic success, motivation and problem-solving skills.

2. Methodology

In this research, quasi-experimental design with pre-test and post-test control groups was used in order to
identify the effects of robotics assisted programming language education on students’ problem-solving
skills, academic success and motivation levels. In this model, the groups were selected objectively as
experimental and control groups. Experimental design are the ones that are used to explore the reason and
result relation in the variables (Biiytlikoztiirk, 2009). There are pre experimental and post experimental
evaluation in both groups. The existence of pre-test in the model helps us to know pre-test similarity degrees
of the groups and arrange the results of post-tests accordingly. Experimental design was performed only
for the experimental group. In the beginning and final part of research evaluations were carried out in both
groups using the same evaluation tools.

In the research, scores of the students receiving robotics assisted programming education and the scores of
the ones who do not receive this kind of education, and whether there was a significant difference in
students’ problem-solving skills or not were analyzed. Of these student groups, students receiving robotics
assisted programming education were separated as “experimental group” and; students receiving robotics
unassisted programming education were separated as “control group”. Besides, motivation levels of
experimental and control groups were observed. In this part, post-test control group model was preferred
in order to identify motivation levels of students.

2.1. Participants

The participants of the research are constituted by 50 university students who are studying in the Computer
Education and Instructional Technologies department in College of Education of Gaziosmanpasa
University and taking Programming Languages I course in the fall semester of 2016-2017 academic year.
Participants were divided into two different groups so that 25 of the students were in the experimental group
and 25 of them were in control group by doing objective assignment. Participants were assigned with equal
probability and equal random selection by assigning them randomly in experimental and control groups. In
the processing of the assignment, in terms of programming experience equal distribution of students
according to kind of the high school from which they have graduated was focused on. Participants were
also ranked according to success pre-test scores by forming equal pairs. Assignment in the groups were
performed through objective assignment among from those equal pairs. The demographic characteristics
of the participants are given Table 1.
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Table 1.
Demographics of the participants

General Vocational Classroom

Groups Group Female Male High Hi
igh School Arrangement
School
%352 %48 %064 %36 Four teams of 6
Robotics Assisted Programming 25 (f=13) (f=12) (f=16) (=9) and 7 people
Education Environment
(Experimental Group)
25 %56 %44 %72 %28 Normal

Robotics Unassisted Programming (t=14) (=11  (f=18) (=7) Classroom
Education Environment Arrangement
(Experimental Group)

According to the demographic data in Table 1, 52% (f = 13) of the participants in the experimental group
(f=25) were female and 48% (f= 12) were male. Moreover, 64% (f=16) of the students in the experimental
group graduated from general high schools, and 36% (f = 9) of them graduated from a vocational high
school. On the other hand, 56% (f = 14) of the participants in the control group (f = 25) were female and
44% (f = 11) were male. In addition, it is seen that 72% (f = 18) of the students in the control group
graduated from general high schools and 28% (f = 7) graduated from a vocational high school. Therefore,
experimental and control groups were formed in two groups of 25 each. Education in the control group was
continued with normal classroom arrangement. In the experimental group, the students were divided into
four groups consisting of 6 and 7 students and education was continued. The reason it is divided to groups
is because there are four sets of LEGO® Mindstorms EV3 sets that will be used as robotics tools.

2.2. Data Collecting Tools

For the purpose of the study, the data were obtained by achievement test, problem solving inventory and
motivation scale.

2.2.1. Academic Achievement Test

Academic achievement test was developed by the researcher to measure students' academic achievement.
This achievement test is a test that includes multiple choice questions including Basic Programming
Structures (Input, Output, Variable Declaration, Decision Making and Control, Function, Loop, Array).

In order to create an achievement test with multiple choice questions, a pool of items consisting of
comprehension and application level questions was created. For the content and face validity of the test, a
measurement and evaluation expert and four experts in the field of programming, computer education and
instructional technology were consulted. In line with the experts' opinions, some of the questions were
reorganized and options or questions were changed. The first draft form of the achievement test included
39 questions.

The reliability of the 39-question test form, which was prepared and finalized after the pilot application,
was checked and it was applied to 79 students who took the Programming Languages I course and passed
it successfully. Item discrimination (r) and item difficulty indices (p) were calculated for each item by item
analysis after the application, and the values obtained are given. Test items with a low item difficulty indices
and negative item discrimination indices were excluded from the test. As a result of the analysis, the
discrimination indices of twelve question items was excluded from the test because it was below .20. Six
items with item discrimination indices between .20 and .30 were rearranged in line with expert opinion.
After the items with low discrimination indices were excluded from the test, the average discrimination
index of the 20-item test was found to be r = .27.
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When the difficulty indices of the items in the test is examined, the difficulty indices of the 39 items varies
between .04 and .89. The average difficulty indices was calculated as .50. According to results, it can be
said that the test is a medium difficulty test. However, the KR20 internal consistency coefficients was
calculated to measure the reliability of the test. The KR20 test is a reliability test that measures the internal
consistency between the test scores obtained and is especially used in achievement tests. The KR20
reliability coefficient of the developed achievement test was calculated as .661. This coefficient shows that
the test is a reliable measurement tool (Biiytlikoztiirk, 2009).

2.2.2. Instructional Materials Motivation Survey (IMMS)

The Instructional Materials Motivation Survey (IMMS) developed by Keller (1993) and adapted into
Turkish by Acar (2009) was used in order to measure the effect of robotics assisted programming education
material used in the study on university students' motivation. The scale is a Likert type scale whose validity
and reliability have been tested in many experimental studies (Keller, 1993; Gabrielle, 2003; Huett, 2006;
Huang et al., 2004; Huang et al., 2006). The IMMS consists of 36 items. Students answered each item in
the scale by scoring from 1 (Not Correct) to 5 (Very Correct). Accordingly, the lowest score on the scale is
36, the highest score is 180 and the average score is 108. Reliability coefficient of the IMMS was calculated
as 0.96.

2.2.3. Problem Solving Inventory (PSI)

In the study, Problem Solving Inventory (PSI) was used as a data collection tool to determine students'
problem solving skills. The Problem Solving Inventory was developed by Heppner & Peterson (1982) and
adapted to Turkish by Sahin et al. (1993). PSI is a self-assessment measurement tool that measures an
individual's perception of himself/ herself about problem solving skills. The scale is a Likert-type scale that
is suitable for adolescents and adults, consists of 35 items and is scored between 1 and 6. Items 9, 22 and
29 are excluded in the process of scoring with respect to the measurement tool. The 1, 2, 3, 4, 11, 13, 14,
15,17, 21, 25, 26, 30 and 34. items in the scale are the reverse items. The score of the measurement tool is
range between 32 and 192. The highest score that can be obtained from PSI is 192, and the lowest score is
32.

In the literature, there are informations about the reliability coefficients of the scale. Adaptation study to
Turkish was done by Sahin et al. (1993) and its reliability was found to be .88. The Cronbach Alpha
reliability coefficient is .93 according to Diizgiin (2011), .74 according to Kardas et al. (2014), .83 according
to Kuloglu & Ar1(2014), .79 according to Kaya (2019), and .76 according to Yildiz & Besoluk (2019).

2.3. Data Collection and Practice Process

This research is a 9-week-study, 8 weeks of which took place in the scope of Programming Languages |
course in 2016-2017 academic year fall term and 1 week of which consisted the processes of data collection.
Within the scope of the course what this research aim is teaching the logic of programming and structures
related to programming. In the course content, there are basic concepts essential for grasping the logic of
programming such as Input, Output, Variable Declaration, Decision Making and Control (Conditions),
Function, Loop, Arrays.

The purpose behind the selection of Programming Languages I is that it is serves as an introduction course
for programming education. In this study, analyzing the effect of robotics assisted programming education
on learners’ problem solving skills, academic success and motivation was aimed. In line with this purpose,
Programming Languages I is an appropriate course in terms of course content, objective and process. Thus,
main problems (Becker 2016; Denny et al., 2014; de Raadt 2008; Fisler et al., 2016; Ginat & Scmalo, 2013;
Muller, 2005; Robins et al., 2006; Sajaniemi & Kuittinen 2005; Schulte & Bennedsen, 2006) in teaching
the logic of programming in the literature can be solved, and success, motivation and problem solving skills
in the course of programming languages can be enhanced.

In the scope of the course, for the teaching of basic concepts, structures and logic of programming, we
studied with 50 students who had registered in the course of Programming Languages I. Robotics assisted
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programming education group was chosen as the experimental group (EG) and the education was carried
out with 25 students. In this group, ROBOTC activities with LEGO® Mindstorms EV3 education set were
planned in order for the students to grasp the logic of programming structures. Robotics unassisted
programming education group was chosen as the control group (CG) with 25 students. In this group,
traditional programming education was carried out with C programming language.

Course contents were specified according to the course content guide of Computer Education and
Instructional Technologies undergraduate program that takes place in teacher training programs in
experimental and control groups. Content of the education in CG consisted of the activities which were
carried out by Bloodshed Dev-C++ C programming language. EG consists of LEGO® Mindstorms EV3
activities carried out by ROBOTC programming language.

9 weeks of practice process was carried out including 8 weeks of lesson plans and 1 week of data collection.
In the beginning and at the end of the practice process, Academic Achievement Test, PSI and IMMS were
implemented to identify the effect of the practice on students’ academic success, problem solving skills and
motivation (Table 2).

Experimental practice process of the research lasted for 8 weeks within the scope of Programming
Languages I course in 2016-2017 Academic Year Fall Term.

Table 2.

Research Practice Process

Weeks Groups Practice Process, Topics Data Collection Process
1. Information About the Practice Process
2. Academic Achievement Pre-Test Practice
3. Determination of Groups by Non-Random Assignment
e  Experimental Group - 25 Students
e Control Group - 25 Students

. ——
Introducing the LEGO® Mindstorms Problem Solving Inventory Pre-

EG EV3 Set and the ROBOTC Application .
. Test Practice
Week 1 and Programming
cG Introducing the Dev-C++ Application Problem Solving Inventory Pre-
and the C Programming Test Practice
EG Motion and Advanced Motion
Week 2 Introduction to Input, Output and
CG .
Variables
EG Detection with Loops (Touch and
Week 3 Ultrasonic)
CG Loops
Weck 4 EG Conditions (Movement Until Darkness)
CG Conditions (if-else)
EG Conditions 2 (Line Following)
Week S “6G " Conditions (Switch-Case)
EG Variables
Week6 6 Variables
EG Functions
Week 7 CG Functions
EG Remote Control (Arrays)
Week 8 CG Arrays
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Academic Achievement Post-
Test Practice

Problem Solving Inventory Post-
EG .
Test Practice

Instructional Materials
Motivation Survey Practice
Academic Achievement Post-
Test Practice

Week 9  — Data Collection Process

Problem Solving Inventory Post-
CG .
Test Practice

Instructional Materials
Motivation Survey Practice

In regard to academic success preliminary test data and type of the high schools students had studied, EG
and CG were identified. Hereunder, experimental process was initiated by assigning EG and CG 25 students
each. In the first week, PSI was implemented in order to measure whether the students’ problem solving
skills in EG and CG changed or not at the beginning and end of the course. Besides, IMMS was
implemented to measure the motivation of EG and CG at the end of 8-weeks process. It was aimed to
identify students’ academic achievement levels by repeating the Academic Achievement Test as posttest at
the end of the course, which is implemented to identify EG and CG and to evaluate students’ programming
levels at the beginning of the course.

2.4. Data Analysis

SPSS 22.0 package program was used for the analysis of quantitative data. The normality assumptions of
the measurement tools to be used to determine the problem solving skills, academic achievements and
motivations of the students in the study were examined. The normality assumptions of the measurement
tools to be used to determine the problem solving skills, academic achievements and motivations of the
students in the study were examined. The Mann — Whitney U, Wilcoxon Signed Ranks Test, significance
test of two mean differences (t-test) and Covariance Analysis (ANCOVA) statistical tests to be used in the
analysis of the data was determined according to the conditions of meeting the normality assumptions.

3. Findings
3.1. Findings Regarding Students' Problem Solving Skills in Experimental and Control Groups

The findings related to the analysis of the data obtained from the Problem Solving Inventory in order to
determine whether there is a statistically significant difference between the problem solving skills of the
students in the experimental and control groups during the education process.

The results of the Mann-Whitney U test conducted to determine the problem solving skills levels according
to the pre-test scores of the experimental and control groups are given in Table 3.

Table 3.
Mann-Whitney U Test Results on Problem Solving Skills According to Pre-Test Scores of Experimental and Control Groups

Mean Rank
Group N U p .
Rank Sum
Experimental 25 27,50 687,50
Pre-test 262,50 ,332 ,14
25 23,50 587,50
Control
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When Table 3 was examined, it was seen that there is no significant difference between the experimental
and control groups in the problem solving skills of the students participating in the study (U=262,50, p>,05).
It was seen that the effect size calculated as a result of the analysis was low level. (r =, 14).

The results of the Mann-Whitney U test conducted to determine the problem solving skills levels according
to the post-test scores of the experimental and control groups are given in Table 4.

Table 4.

Mann-Whitney U Test Results on Problem Solving Skills According to Post-Test Scores of Experimental and Control Groups

Mean Rank
Group N U R ]
Rank Sum
Experimental 25 29,76 744,00
Post-test 206,00  ,039 ,29
Control 25 21,24 531,00

When Table 4 was examined, it was found that there is a significant difference between the experimental
and control groups in the level of problem solving skills related to the post-test scores (U=206,00, p<,05).
Considering the mean ranks, it was understood that the students participating in robotics assisted
programming education have higher problem solving skills than the students participating in the robotics
unassisted programming education. This finding shows that robotics assisted programming education is
effective in increasing students' problem solving skills. The effect size calculated as a result of the analysis
showed that this significant difference was medium level (r =, 29).

The results of the Wilcoxon Signed Ranks test conducted to determine the difference between the level of

problem solving skills according to the pre-test and post-test scores of the experimental group are given in
Table 5.

Table 5.

Wilcoxon Signed Ranks Test Results on Problem Solving Skills According to the Experimental Group Pre-test and Post-Test
Scores

Pre-test — Post- Mean Rank
N 7 p .
test Rank Sum
Experimental Negative Ranks 6 12,25 73,50
2,19% 029 31
Grou > , s
P Positive Ranks 18 12,58 226,50
Equal 1

* Based on Negative Ranks

When Table 5 was examined, it was determined that there is a significant difference between the pre-
experiment and post-experiment scores of the experimental group students participating in the study, which
they got from the problem solving inventory depending on the studies (Z=2,19, p<,05). Considering the
mean ranks and rank totals of the difference scores, it is seen that the observed difference is in favor of the
positive ranks, that is, the posttest scores. According to the results, it can be said that robotics assisted
programming education have an important contribution in improving students' problem solving skills. The
effect size calculated as a result of the analysis showed that this significant difference was medium level (r
=, 31).
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The results of the Wilcoxon Signed Ranks test conducted to determine the difference between the level of
problem solving skills according to the pre-test and post-test scores of the control group are given in Table
6.

Table 6.
Wilcoxon Signed Ranks Test Results on Problem Solving Skills According to the Control Group Pre-test and Post-Test Scores

Pre-test — Mean Rank
N V4 p r

Post-test Rank Sum

Negative Ranks 9 15,28 137,50
,673% ,501 ,10
Positive Ranks 16 11,72 187,50
Control Group
Equal 0

* Based on Negative Ranks

When Table 6 was examined, it was determined that there is no significant difference between the pre-
experiment and post-experiment scores of the control group students participating in the study from the
problem-solving inventory depending on the studies (Z=0,673, p>,05). It was seen that the effect size
calculated as a result of the analysis was low level (r =, 10).

3.2. Findings Regarding Students' Achievement Levels in Experimental and Control Groups

The findings related to the analysis of the data obtained from the Academic Achievement Test in order to
determine whether there is a statistically significant difference between the academic achievement level of
the students in the experimental and control groups during the education process.

The results of the t-test conducted to determine the academic achievement levels of the experimental group
regarding the pre-test and post-test scores are given in Table 7.

Table 7.

t-test Results on Academic Achievement Levels According to Experimental Group's Pre-Test and Post-Test Scores

N X S sd t p r
. Pre-test 25 41,04 12,44
Experimental
48 5129 000 .60
Group Post-test 25 62,88 14,50

When Table 7 was examined, it was seen that there is a significant difference in the academic achievement
levels of the experimental group students participating in the study regarding the pre-test and post-test
scores (t=-5,129, p<,05). It was determined that the academic achievement levels of the experimental group
students according to their post-test scores (X =62,88) were significantly higher than their academic
achievement levels based on their pre-test scores ( X =41,04). This finding shows that there is a significant
increase in students' learning during the course. The effect size calculated as a result of the analysis showed
that this significant difference was at a high level (r=,60).

The results of the t-test conducted to determine the academic achievement levels of the control group
regarding the pre-test and post-test scores are given in Table 8.
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Table 8.

t-test Results on Academic Achievement Levels According to Control Group's Pre-Test and Post-Test Scores

N X S sd t p r
Pre-test 25 41,28 10,40
Control Group 48 -5,687 ,000 ,63
P 25 59,12 11,08
ost-test

When Table 8 was examined, it was seen that there is a significant difference in the academic achievement
levels of the control group students participating in the study regarding the pre-test and post-test scores (t=
-5,687, p<,05). It was determined that the academic achievement levels of the control group students

according to their post-test scores ( X =59,12) were significantly higher than their academic achievement

levels based on their pre-test scores ( X =41,28). This finding shows that there is a significant increase in
students' learning during the course. The effect size calculated as a result of the analysis showed that this
significant difference was at a high level (r=,63).

In order to determine the academic achievement levels of the experimental and control groups according to
the pretest scores, the significance test (t-test) values of the two mean differences are given in Table 9.

Table 9.

t-test Results Related to Academic Achievement Levels of Experimental and Control Groups According to Pre-Test Scores

Group N X S sd . " .
Experimental 25 41,04 12,44
Pre-test 48 -0,049 961 ,01
25 4128 10,40
Control

When Table 9 was examined, it was seen that there is no significant difference between the experimental
and control groups in the academic achievement levels of the students participating in the study (t=-0,049,
p>,05). According to the pre-test, the academic achievement levels of robotics assisted programming

education students participating in the study were found to be * =41,04, and the academic achievement

levels of robotics unassisted programming education students to be X =41,28. It was seen that the effect
size calculated as a result of the analysis was low (1=,01).

In order to examine the effect of experimental and control group’s post-test academic achievement,
covariance analysis (ANCOVA) was performed by controlling the pre-test scores of the students. As a
result of the analysis, the post-test mean scores adjusted according to the pre-test scores of the experimental
and control groups are given in Table 10.

Table 10.

Descriptive Statistics of Post-Test Scores of Experimental and Control Groups

Groups N Mean Adjusted Mean
Experimental Group 25 62,88 62,93
Control Group 25 59,12 59,07

According to the adjusted post-test scores, it was observed that the mean score of the experimental group
increased and the mean score of the control group decreased. The results of the covariance analysis
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(ANCOVA) performed to test the significance of the difference between the adjusted academic
achievement post-test scores of the groups are given in Table 11.

Table 11.
ANCOVA Results of Post-Test Scores According to Academic Achievement Levels

Source of Variance Sum of Squares sd Mean of Squares F  Significance Level (p) N2

Pre-test score (reg.) 443,264 1 443264 9,80 ,003 173
Group 185,802 1 185,802 4,11 048 ,080
Error 2126016 47 45,234
Total 2746,000 49

When Table 11. was examined, according to the results of the analysis of covariance, a significant
difference was observed between the post-test scores adjusted according to the pre-test scores of the
experimental and control groups (F(1-47)=4,11, p=,048, 1p2=,080). The adjusted post-test scores of the

control group (X =59,07) are significantly lower than the adjusted post-test scores of the experimental

group (X =62,93). As a result of the analysis, the effect size (,2) value was found ,080. The effect size
calculated as a result of the analysis showed that this significant difference was medium level (,06> n,?
>.14).

3.3. Findings Regarding the Motivation Levels of the Experimental and Control Groups

The findings related to the analysis of the data obtained from the IMMS in order to determine whether there
is a statistically significant difference between the motivation levels of the students in the experimental and
control groups regarding the educational process.

In order to determine the motivation levels of the experimental and control groups, the significance test
values of the two mean differences (t-test) are given in Table 12.

Table 12.

t-test Results Related to the Motivation Levels of the Experimental and Control Groups

Group N X S < : . -
Experimental 25 3,35 Al
Motivation i . » N
25 31 32
Control

When Table 12 was examined, it was seen that there is a significant difference between the experimental
and control groups regarding the motivation levels of the students participating in the study (t= 2,070,
p<,05). It was found that the motivation levels of robotics assisted programming education students ( X
=3,35) participating in the study were significantly higher than the motivation levels of robotics unassisted
programming education students (X =3,14). Accordingly, it was seen that students who receive robotics
assisted programming education are more motivated to course of Programming Languages I than students
who receive robotics unassisted programming education. The effect size calculated as a result of the
analysis showed that this significant difference was medium level (r=,29).
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4. Conclusion and Suggestions

Within the scope of the research, it was aimed to examine the effect of robotics assisted programming
education on students' problem solving skills, academic achievement and motivation towards the lesson.
According to the results obtained in line with this purpose, it was found that there was no significant
difference between the experimental and control groups before the study, but this situation changed after
the study. After the experimental process, a significant difference was found between the experimental and
control groups. With this significant difference, which has a medium level effect, the problem solving skills
of the robotics assisted programming education group are higher than the robotics unassisted programming
education group. According to this result, it was believed that robotics assisted programming education
with LEGO® Mindstorms is a more effective and efficient tool for improving students' problem solving
skills compared to traditional programming education. Another finding supporting this result is that the
experimental group had a significant difference between pre-experiment and post-experiment problem-
solving skills. The calculated effect size showed that this significant difference was medium level. It was
found that problem solving skills of the experimental group students who received robotics assisted
programming with LEGO® Mindstorms increased after the experiment compared to the pre-experiment.
However, there was no difference between control group students' problem solving skills before and after
the experiment. This result supports again that robotics assisted programming education with LEGO®
Mindstorms is a process that develops students' problem-solving skills. As a result of the obtained data, it
was seen that the robotics assisted education process with LEGO® Mindstorms increases students' problem
solving skills. This result shows similarities to other research results in the literature (Alimisis & Kynigos,
2009; Atmatzidou et al., 2008; Atmatzidou et al., 2018; Avci & Sahin, 2019; Castledine & Chalmers, 2011;
Chaudhary et al., 2016; Nourbakhsh et al, 2005; Cavas et al., 2012; Danahy et al., 2013; Lin et al., 2009;
Mioduser et al., 2009). Barak & Zadok (2009) found that students participating in robotics activities
frequently used heuristic findings in the classroom (the processes in which problem solvers determine their
solution methods) based on their own life experiences. The heuristics used by students can be activated to
strengthen and extend students' real-life problem solving abilities.

It was observed that there was a significant difference in the academic achievement levels of the
experimental group students participating in the study regarding the pre-study and post-study scores. The
effect size calculated as a result of the analysis showed that this significant difference was high level. This
result showed that robotics assisted programming education with LEGO® Mindstorms increased the
academic success of students. In addition, it was determined that there was a significant difference in the
academic achievement levels of the control group students participating in the study regarding their pre and
post scores. The effect size calculated as a result of the analysis showed that this significant difference was
high level. This result shows that there is a significant increase in students' learning during the traditional
lesson. It was found that there was no significant difference between the academic achievement levels
between the experimental and control groups before the study, but there was a significant difference
between the post-test scores of the experimental and control groups after the study. The effect size
calculated as a result of the analysis showed that this significant difference was medium level. According
to this result, the academic success scores of the robotics assisted programming education group were
significantly higher than the academic achievement scores of the robotics unassisted programming
education group. With this result, it is believed that robotics assisted programming education is an effective
and successful method for learning programming. This result shows similarities to the Barker & Ansorge
(2007), Cukurbas1 (2016), Garcia & Patterson-McNeill (2002), Korkmaz (2016), Lawhead et all., (2002),
Ozdogru (2013) and Strawhacker & Bers (2015) research results in the literature.

According to the study, it was found that there was a significant difference between the experimental and
control groups regarding the motivation levels of the participants. The motivation levels of robotics assisted
programming education students participating in the study were found to be significantly higher than the
robotics unassisted programming education students. The effect size calculated as a result of the analysis
showed that this significant difference was at a medium level. This result can be interpreted as that students

59



JETOL 2022, Volume 5, Issue 1, 47-65 Cam, E. & Kiyici, M.

who receive robotics assisted programming education are more motivated to course of Program Languages
I than students who receive robotics unassisted programming education. This result shows similarities
research results of Cukurbasi & Kiyici (2017), Lykke et all., (2014), McWhorter & O’Connor (2009),
Nugent et all., (2009) and Piteira & Haddad (2011) in the literature. Martinez Ortiz (2015) was found that
LEGO® Mindstorms practices increase students' motivation to learn. Buckler (2015) stated that, according
to his research, student motivation is among the in-class factors that contribute to student success. In this
study, it was believe that as students are motivated for the lesson and there is increase in their motivation
levels, robotics assisted programming education process with lego mindstorms increases their academic
achievement.

According to this research, the use of robotic tools in programming education increases motivation, success
and problem-solving skills. For this reason, it is recommended that students should be given programming
education using robotics tools instead of traditional programming education. In order to develop students'
cognitive high-level skills and psychomotor skills, it is recommended that programming education be taught
with robotic tools from the primary education level and robotics assisted programming education should be
added to the curriculum of relevant educational institutions.
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