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Abstract 
Although physical computing has been in existence since 2004, research on the educational effect of 
applying physical computing education is still insufficient. One of the reasons for this is that there are a 
lot of students who complain about the difficulty in assembling and constructing the tools, which takes 
more time than the programming using the physical computing tools. However, when instructing 
physical computing in information science, it is necessary to focus on the operation design and 
programming process for control rather than assembly of physical computing devices. 

In this paper, we analyze the effect of the modular physical computing tool and the experimental 
results of the learner’s learning motivation, which can concentrate more on the operation design and 
programming process for the control. In this study, first year middle school students were divided into 
experiment group (25 students) and control group (25 students). As a result, the learning motivation of 
experiment group was 6.7% higher than that of control group. The learning motivation test tool used in 
this study was modified by Keller. The questionnaire items consisted of 28 items, which consisted of 7 
items of attention, 7 items of relatedness, 7 items of self-confidence, and 7 items of satisfaction.  

As a result, it can be seen that the modular physical computing tool which focuses on the operation 
design and programming process for control rather than the physical computing device is effective for 
increasing the learning motivation of the physical computing education. 
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1 INTRODUCTION  
In order to guide the physical computing unit in the information curriculum, there are teaching and 
learning instructions to focus on the operation design and programming process for controlling rather 
than the physical computing device. However, in the recent educational field, it takes more time to 
assemble and construct the parish than to use programming of the physical computing parish, and it is 
easy to see the students who complain in this process [1][2].  

In particular, in a physical computing parish, or a robot-based education, male students are more 
interested in learning motivation and achievement than female students, so it is necessary to select 
appropriate parishes for female students. It is relatively simple to assemble the parish so that it takes 
less time and it guides the students through the programming education using the modular robot 
which can concentrate on the operation design for control and the program writing process, And to 
explore the value of modular robot programming education.  

2 METHODOLOGY 

2.1 Study subjects 
The purpose of this study was to investigate the effects of age and sex on the pre-test and post-test 
on the female students in junior high school in Sejong, Korea. 25 students who take the free elective 
program in the 7th grade of the first semester are divided into experimental group and 25 students 
who do not participate in the subject elective program respectively. 

2.2 Verification of Homogeneity Level between Groups 
In order to confirm the homogeneity of information and subject learning in the experimental group and 
the control group prior to the experiment, the experimental group and the control group were subjected 
to the pre-test and the results were confirmed by the independent sample t-test. 
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2.3 Learning Motivation Test Tool  
The learning motivation test tool used in this study (Keller, 1993) was modified according to the level 
of elementary school students in relation to the social studies class based on the developed ones [3]. 
The questionnaire items consisted of a total of 30 items, 7 items of attention, 9 items of relatedness, 8 
items of self-confidence, and 6 items of satisfaction. The above-mentioned areas were divided into 5-
point scale, and the negative items were converted inversely [4][5][6]. 

Table 1. Learning motivation test tool 

 Item number Number of 
item Confidence 

Attention 1, 4, 10, 14, 19, 22, 24 7 .851 

relatedness 2, 5, 8, 18, 20, 21, 23 7 .830 
self-confidence 3, 6, 9, 11, 16, 25, 27 7 .705 

satisfaction 7, 12, 13, 15, 17, 26, 28 7 .817 
Total 28 items 28 .944 

2.4 Research Procedures  
The learning motivation test tool used in this study (Keller, 1993) was modified according to the level 
of elementary school students in relation to the social studies class based on the developed ones[2]. 
The questionnaire items consisted of a total of 30 items, 7 items of attention, 9 items of relatedness, 8 
items of self-confidence, and 6 items of satisfaction. The above-mentioned areas were divided into 5-
point scale, and the negative items were converted inversely. 

2.4.1 Experimental Design 
The purpose of this study was to investigate the effects of age. We carried out the experiment by 
dividing 25 students who received modular programming education into experiment group and 25 
students who did not participate in topic selection program which we studied. Both subjects performed 
the same lesson using non-modular physical computing paradigm at regular curriculum time. In order 
to verify the effect of modular programming education on the motivation of information subject learning 
in this study, the experimental group that received the modular programming education and the control 
group which was educated by using the non-modular physical computing parish, Post-test. In addition, 
pre-test and post-test were also conducted for the experimental group because the experimental 
group also received the education using the non-modular physical computing parish. The subordinate 
variables for research are information learning motivation, and independent variables are modular 
robot programming education. Table 2 summarizes these result. 

Table 2. Experimental Design 

Group Pre-test Experimental treatment Post-test 
G1 

O1 
X1 

O2 
G2 X2 

G1: Experimental group 
G2: Control group 
O1: Learning motivation (pre-test) 
O2: Learning motivation (post-test) 
X1: Modular programming group 
X2: Non-modular programming group 

2.4.2 Class Design 
The experiment was conducted in 12 semesters of informatics class in the first semester of junior high 
school and in the elective program of the free semesters during 16 semesters of 8 weeks. 
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The lessons in this study were designed as a total of 16 classes as shown in Table 3. A total of 16 
classes were held for two hours in a block-time class, consisting of two to three students. The class 
was designed considering the basic contents of physical computing in regular class time. 

Table 3. Class Design 

Class Time Learning Topics 

1~2 
Concept of IoT 

Understanding Block-style Programming Programs 
3~4 Understanding Modules 
5~6 Making a work using LED 
7~8 Speakers and Displays 
9~10 Using random numbers 
11~12 Using motor module, Bluetooth 
13~14 making IoT inventions 
15~16 making IoT inventions 

2.4.3 Data analysis and method 
SPSS was used to verify the hypothesis after the 16th session. The independent sample t-test was 
conducted to confirm the difference in the motivation of learning and learning of the experimental   
group and the control group, and the corresponding sample t-test was conducted using the motivation 
of the experimental group as the dependent variable. 

3 EXPERIMENT RESULTS 

3.1 Comparison of learning motivations among groups 
In order to confirm the results of the study, we confirmed that the results of prior learning motivation 
test were homogeneous group through independent sample t-test. In order to confirm the significance 
of the change due to the experimental treatment, the result of the post-learning motivation test was 
performed by the independent sample t-test. 

Table 4 shows the results of the independent sample t-test for the results of the post-learning 
motivation test between the experimental group receiving the modular robot programming training and 
the control group without the experimental group. Both groups showed an improvement over the pre-
test. 

As a result of the independent sample t-test on the score of learning motivation group, the average of 
control group was 100.44, the average of experiment group was 109.80, and the average of 
experiment group was 9.36. The results showed that there was a significant difference between the 
two groups with a significance level of 0.05 and a p value of 0.032. 

In other words, it can be seen that the modular physical programming education is effective in 
increasing motivation of informatics subject. 

Table 4. Comparison of learning motivations among groups 

Group Mean Standard 
deviation t Significance 

experimental group 109.08 15.817 
-2.202 .032 control group 100.44 14.189 

3.2 Comparison of learning motivations in experimental group 
In order to confirm the results of the study, we confirmed that the results of prior learning motivation 
test were homogeneous group through independent sample t-test. In order to confirm the significance 

3492



of the change due to the experimental treatment, the result of the post-learning motivation test was 
performed by the independent sample t-test. 

In order to investigate whether there is a significant difference in the difference between the pre-test 
and post-test scores on the motivation of learning motivation in the experimental group with non-
modular physical computing education and modular programming education, a corresponding sample 
t-test was conducted. The results are shown in Table 5. As a result of the t-test, the pre- and post-test 
averages of the experiment group were 94.36 and 109.80, respectively. 

Table 5. Comparison of learning motivations in experimental groups 

Dependent 
variable Time 

Corresponding difference 
t Significance 

Mean Standard deviation 

Learning 
Motivation 

Pre-test 94.36 18.513 
-5.735 .000 

Post-test 109.80 15.817 

3.3 Comparison of learning motivation sub-factors of experimental group 
In order to find out how the modular programming education affects the Keller learning motivation sub-
elements of the experimental group, we confirmed the pre-averages and post-averages of the 
experimental group by the corresponding sample t-test (Table 6). 

Table 6. Comparison of learning motivations sub-factors of experimental groups 

Dependent 
variable Pre/ Post 

Corresponding difference 
t Significance 

Mean Standard deviation 

Attention 
Pre-test 22.88 4.936 

-6.040 .000 
Post-test 27.48 4.417 

relatedness  
Pre-test 23.28 4.971 

-6.022 .000 
Post-test 27.72 4.523 

self-
confidence 

Pre-test 23.76 4.657 
-2.901 .008 

Post-test 26.36 4.122 

satisfaction 
Pre-test 24.44 5.331 

-4.553 .000 
Post-test 28.24 4.085 

As a result, it can be seen that modular robot programming education positively affects all learning 
motivation sub-factors but has a greater influence on attention, relevance, and satisfaction factors. 
The reason for the high attention, relevance, and satisfaction of the sub-factors of learning motivation 
is that the existing non-modular physical computing parish has a complexity and interest due to the 
complexity and inconvenience. However, the modular programming tool can be assembled into a 
magnet without wires, so that the desired work can be easily constructed, and it can be focused on the 
operation design and program creation process, and it is analysed that it is interesting and satisfactory. 

4 CONCLUSIONS 
The purpose of this study is to investigate the effect of modular physical computing education on the 
motivation of learning the informatics curriculum, and to find out whether it is worth guiding the 
physical computing unit. 

First, there was a significant difference in post-test results between control group and experiment 
group, where pre-test results were homogeneous. In other words, modular physical programming 
education has a significant effect on improving motivation of information subject. Also, the results of 
the pre-test and post-test of the motivation of the information curriculum in the experimental group 
show a significant difference, and the modular physical programming education influences the 
motivation of the informatics curriculum learning. 
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Second, the pre-test and post-test scores of the learning motivation sub-factors of experimental group 
showed significant difference in all factors. Modular physical programming education has a significant 
impact on the improvement of all sub-factors of information subject, and especially the attention, 
relevance, and satisfaction factor. 

However, it is necessary to study what factors will be more intensively trained to improve the modular 
physical computing education instead of the cumbersome task of connecting the lines. That is, there is 
a need for API learning between modules. It is also necessary to conduct research in a group that 
includes boys and girls and check the results. 
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