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Abstract—This article presents the results of a pedagogical experiment 

when teaching microcontroller programming. The pedagogical experiment was 

conducted at the Faculty of Information Technology of the L.N. Gumilyov Eur-

asian National University in the form of project-based seminars on the Arduino 

platform (2017-2020). The experiment was attended by 88 first-year IT stu-

dents. Our goal in this study is to verify the proposed hypothesis on the use of 

the project-based learning method in teaching microcontroller programming. In 

the process of conducting a pedagogical experiment, we divided our students in-

to 2 groups: control and experimental. The training of both groups was carried 

out according to one curriculum, but using different methods. In the control 

group, traditional teaching methods and learning tools were used, and in the ex-

perimental group, we used the technology of project-based learning. As assess-

ment criteria, we took the test tasks “pre-test” and “post-test” that we developed 

and conducted a survey for the control and experimental groups. We used statis-

tical methods to confirm or refute the proposed hypothesis of our research, that 

is, at the end of the pedagogical experiment to get an informed decision about 

the difference and coincidence of the obtained data. 

Keywords—Project-based learning, Arduino microcontroller, projects, pro-

gramming microcontrollers  

1 Introduction 

Modern technology is developing with great speed and is being implemented in 

almost all areas of our lives. At the same time, the requirements of employers are 

growing to keep up with the times, students need to study diligently, develop them-

selves, especially in the field of computer science and engineering. Over the past few 

years, most of the world's universities have been actively using the project method for 

training relevant personnel in information technology with the aim of increasing stu-

dents' motivation to study, develop teamwork skills and apply knowledge in practice 

[1-6]. 

When studying the disciplines of information technology (programming, pro-

gramming of microcontroller, educational robotics, etc.) it is necessary to use a pro-
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ject-based learning method, since the basis of the development of information sys-

tems, automated devices, robots are “design” [7]. 

During the study, we developed a project-based learning technology for the course 

"Microcontroller Programming". Working on projects using microcontrollers enables 

a teacher to implement educational goals by attracting knowledge from other areas 

(programming, physics, mathematics, mechatronics, electronics and others), to intro-

duce creativity into the educational process, and also contributes to the formation of 

key competencies among students [8-14]. 

Our goal in this study is to verify the proposed hypothesis on the use of the project-

based learning method in teaching Microcontroller Programming: 

H1: if Microcontroller Programming teaching is based on the application of project-

based learning technology, it will provide quality training and increase the motivation 

of students to study. 

2 Methods 

The pedagogical experiment was carried out during the educational practice of stu-

dents of the Faculty of Information Technology of the L.N. Gumilyov Eurasian Na-

tional University (2017-2020). The experiment was attended by first-year students of 

IT specialities. 

In the process of conducting a pedagogical experiment, we divided our students in-

to two groups: control and experimental. The training of both groups was carried out 

according to one curriculum, but using different methods. In the control group (CG), 

traditional teaching methods and learning tools were used, and in the experimental 

group (EG), we used the technology of project-based learning for the course “Micro-

controller Programming”.  

As assessment criteria, we took the test tasks “pre-test” and “post-test” that we 

developed and conducted a survey for the control and experimental groups. Test tasks 

“pre-test” were designed to determine the initial state of students' knowledge of the 

discipline: the basics of "Programming and Algorithmization". Test tasks “post-test” 

were selected based on the key points of the training program of the Microcontroller 

Programming [15]. Rating scale - from 0 to 100%. 

The technology of project-based learning was developed based on the analysis of 

the following scientific, methodological and regulatory documents [16-25]. 

The technology of project training in Microcontroller Programming consists of 

three main blocks: “Project Organization”, “Project Implementation” and “Project 

Evaluation”. 

According to the first block “Project Organization”, initially the project group was 

formed taking into account interpersonal relations and interests of students. When 

forming a project group, depending on the specifics of the project, the composition of 

the project groups was determined: project manager, engineer and programmer. It 

should be noted that one of the main features of the design work is that each student 

gets the opportunity to analyze the problem, propose their solutions, and perform cer-

tain functions. 
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Next, a selection of training projects was carried out taking into account the fea-

tures of the basic components of microcontrollers. As the training platform, we chose 

the Arduino microcontroller. The distinctive features of the Arduino microcontroller 

are the simple and understandable programming environment Arduino IDE, cross-

platform and open-source software [26-28]. Consequently, projects based on the Ar-

duino microcontroller were proposed: “Smart light”, “Smart traffic light”, “Smart 

window”, “Smart fan”, “Smart parking”, “Smart home”. Projects were developed on 

the principle of “from simple to more complex” (figure 1) [8]. 

 

Fig. 1. Training projects 

Consider the second block of the structural model of the organization of project-

based learning of microcontrollers programming named “Project Implementation”. 

Project participants study the capabilities of the Arduino microcontroller and select 

the necessary details for the implementation of the project. Testing and debugging of 

software and hardware were carried out in this block.  

“Project Evaluation” is the final block of work of the structural model for organiz-

ing the project-based learning instruction in programming microcontrollers. The pre-

paratory stages of project protection include: creating a passport and project presenta-

tions. Students together with the teacher prepared a project passport. This document 

contains the main characteristics of the project. The key requirement in preparing the 

project passport is a detailed description of the work performed by each student in the 

project team. Upon completion of the preparation of the project passport, the project 

teams went on to develop project presentations for protection before the public. 
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Fig. 2. Fragment of the presentation project by students 

Especially for the jury (teachers) before the defense of the project, checklists were 

issued “Project Evaluation”. During the defense, the checklists were filled out and 

after that the arithmetic mean was calculated from the calculation of the points given 

for each position. Based on the setpoints, a general assessment of the design work of 

students is formed [29]. 

3 Results and Discussions 

The main goal of the experiment was to check the scientific hypothesis of the study 

in practice and evaluate the applied methodology. 

We used statistical methods to confirm or refute the proposed hypothesis of our re-

search, that is, at the end of the pedagogical experiment to get an informed decision 

about the difference and coincidence of the obtained data. 

Our work on the confirmation or refutations of the proposed research hypothesis 

consisted of the following stages: 

1. Calculation of the empirical value of the criterion, based on the results of “pre-

test” and “post-test” of the experimental and control groups; 

2. The empirical value of the criterion is compared with the critical value of the crite-

rion (0.05 significance level). The reliability of differences in the characteristics of 

the experimental and control group members will be equal to 95% if the obtained 

empirical value of the criterion is greater than the critical value [30]. 
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In our situation, we chose Pearson's uniformity criterion 𝜒2, since the number of 

gradations in the ordinal scale (different points) is more than three (L=4) and the  

sample size includes 88 students. 

We systematized the results of “pre-test” and “post-test” tasks on an ordinal scale 

(table 1). The obtained students' scores were divided by levels of knowledge into  

percentage terms: L=4 (100-90%, 89-75%, 74-50%, 49-0%). 

Table 1.  The results of measurements of the level of knowledge in the control and 

experimental groups before and after the experiment 

Point 

(%) 

CG pre-test  

(students)  

EG pre-test 

(students) 

CG post-test 

(students) 

EG post-test 

(students)  

100 – 90 1 0 2 7 

89 – 75 9 3 4 17 

74 – 50 19 19 27 17 

49 – 0 15 22 11 3 

Total: 44 44 44 44 

 

During the research, a web application was developed (in the Python Programming 

language and Django framework) for statistical analysis. Using the web application, 

we calculated the empirical values of the 𝜒2 criterion for all compared samples of the 

𝜒2emp experimental and control groups (table 2).  

 

Fig. 3. Program code of the developed web application 
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Fig. 4. Web application interface 

Table 2.  The empirical values of the criterion χ2 for all compared samples χemp
2  of the 

experimental and control groups 

 CG pre-test EG pre-test CG post-test EG post-test 

CG pre-test 0 4,64 4,26 15,07 

EG pre-test 4,64 0 7,20 31,35 

CG post-test 4,26 7,20 0 17,66 

EG post-test 15,07 31,35 17,66 0 

 

Table 3 shows the critical values of the 𝜒2 criterion for the significance level 𝛼 =
0.05. Our critical value of the criterion 𝜒2 is 𝜒0.05

2 =7,82 (L=4, L-1, therefore, L=3). 

Table 3.  The critical value of the criterion χ2 for the significance level α = 0.05 

L-1 1 2 3 4 5 6 7 

𝜒0,05
2  3,84 5,99 7,82 9,49 11,07 12,59 14,07 

 

The comparison of data showed that before the pedagogical experiment, the char-

acteristics of all compared samples coincide with the level of 0.05 (table 2), the null 

hypothesis (H0) was confirmed, and all empirical values of χ2 were less than the criti-

cal value, except the results of “post-test”. 

Since 𝜒2emp = 17,66>7,82=𝜒0.05
2 , then “reliability of differences of the characteris-

tics of the experimental and control groups after the end of the experiment is 95%”. 

Table 4.  Descriptive statistics of the number of correctly solved problems in the control group 

and the experimental group after the pedagogical experiment 

№ Statistical data CG EG 

1 Arithmetic mean 7,9 10,5 

2 Median 8 10,5 

3 Mode 9 10 

4 Sample variance 8 4,3 

5 Standard deviation 2,8 2,1 

6 Sample size 44 44 
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Table 4 shows the results of the descriptive statistics of the conducted pedagogical 

experiment. Based on the data in table 4, it can be seen that the results of the experi-

mental group are considerably higher than the results of the control group, namely, 

the arithmetic mean value of the experimental group is higher by 2.6 points, mode and 

median by 2.5 points and 1, respectively. The considerable difference between the 

experimental and control group was in the amount of data dispersion around the 

arithmetic mean value, the sample variance of the experimental group was halved 

compared to the control group. 

On the bases of statistical processing of the pedagogical experiment data, it is 

proved that the project-based learning technology of Microcontroller Programming 

provides high-quality training and increases students' motivation to learn. 

To further test our H1 hypothesis, we conducted a correlation analysis of students' 

performance. 

Our pedagogical experiments were conducted in the interim of the first and second 

year of the Faculty of Information Technology. Following the results of the pedagogi-

cal experiment, we decided to study the academic performance of our students, name-

ly, the results of assessments of disciplines in the area of “Programming Fundamen-

tals” of the first (pre-requisite) and second (post-requisite) courses, in order to under-

stand how our pedagogical influences had affected the further training of students in 

the given direction (figures 5-6). 

As it is seen from the figures below, we have the following indicators: “pre-

requisite” assessment of disciplines in the area of “Program Fundamentals” for the 

first year; “pre-test” assessment of entrance testing before pedagogical research; 

“post-test” assessment of output testing after pedagogical research; “post requisite” 

assessment of disciplines in the area of “Programming Fundamentals”, “Object-

oriented programming languages” for the second year. 

Generally, the dynamics of students' assessment who took part in our pedagogical 

experiments are positive. For example, students' performance in the speciality of 

“Computer technology” (CT) in the experimental and control group increased by 7 

points. At the same time, the results of the “post-test” assessment of the output testing 

of the students of experimental group after the pedagogical research increased by 50 

points. 
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Fig. 5. The results of assessments in the control group 

 

Fig. 6. The results of assessments in the experimental group 

Also, the indicators of students of the experimental and control groups of the  

speciality “Computer Science and Information Security” (CSIS) increased by 11 and 

4.7 points, accordingly. In this group, a similar situation is as in the first one, the re-

sults of the “post-test” assessment of the output testing of pedagogical research have 

increased significantly. 

Positive dynamics of the experiment results are observed among students of the 

experimental and control group of the speciality of “Computer Science in Education” 
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(CSE). It should be noted that in these groups there is no estimated data for the first 

year, since students of this speciality did not have disciplines in the area of 

“Programming” in freshman year. 

Based on this, it is logical to assume that the use of the project-based learning 

method in teaching Microcontroller Programming has a positive impact on the 

cognitive level of students' motivation, and on further training in this area. 

4 Conclusion 

Summing up the results of the research, on the bases of statistical processing of the 

pedagogical experiment data, it is proved that the technology of project-based 

learning for the course "Microcontroller Programming" provides students' high-

quality training. The proposed hypothesis was confirmed. 

Moreover, students were more motivated to study IT disciplines, in particular on 

“Microcontroller Programming”, despite the fact that they had a low initial level of 

knowledge in the area of “Programming and Algorithmization”. 

In the process of applying the given technology, conditions are created that are ful-

ly correspond to the situations of real professional activity. Students have gained ex-

tensive experience and skills in solving complex problems with the design of the im-

plementation of the plan, as well as distributing functions among the members of the 

project team. 

 

Fig. 7. Training projects developed as part of our seminars 
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