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Abstract: The integration of the Arduino board into educational settings has penetrated across
various educational levels. The teaching of this subject can be accomplished by (a) using real
components in breadboards, (b) prefabricated modular boards that snap together, and (c) utilizing
computer simulations. Yet, it is unknown which interface offers a more effective learning experience.
Therefore, this experimental study aims to compare the effectiveness of these interfaces in a series of
three laboratory exercises involving 110 university students, who were divided into three groups:
(a) the first group used a tangible user interface, implementing circuits on breadboards, (b) the
second group also used a tangible interface but with modular boards, and (c) the third group used a
graphical user interface to simulate circuits using Tinkercad. For each laboratory exercise, students
completed both pretests and posttests. Also, they provided feedback through five Likert-type attitude
questions regarding their experiences. In terms of data analysis, t-tests, ANOVA, and ANCOVA,
along with bootstrapping, and principal component analysis were employed. The results suggest that
among the participants, those who used a graphical user interface stated that their understanding of
the interconnection of components in microcontroller circuits was enhanced, while students with
previous experience in microcontroller labs found the circuit creation process easier than students
without experience.

Keywords: TUI; GUI; electronic circuit; Arduino; educational intervention

1. Introduction

Science teaching and learning are linked to implementing laboratory exercises [1,2].
Laboratories provide a safe, controlled learning environment in which students are encour-
aged to conduct experiments, witnessing firsthand the practical application of theoretical
concepts [3,4]. Studies show that this learning process through labs can have a positive
impact on the student’s academic performance, providing a deeper understanding of the
studied subject [5,6]. The implementation of exercises in laboratory settings can be divided
into two categories: students can experiment using either real components and modular
boards with a tangible user interface (TUI) or computer simulations with a graphical user
interface (GUI) [7]. According to [8], “TUIs may be considered as physical objects whose
manipulation may trigger various digital effects, providing ways for innovative play and
learning”. Specifically, in microcontroller circuits, pressing a button, changing the value, or
adjusting the position of a real component can directly influence the digital output. Hence,
throughout this article, the term TUI is adopted when real components in breadboards or
modular boards are used to create a circuit.

Regarding a real laboratory, the equipment is tangible including measuring instru-
ments and complex devices. Furthermore, engagement with the physical world may
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have a beneficial impact on students, as it stimulates multiple senses, appears to in-
crease children’s performance, and may positively influence users’ attitudes [9,10]. How-
ever, long-term operation can be expensive due to frequent component damage and
failures [11–13]. Additionally, in certain cases, students may find it hard to perceive
some aspects of the experiment, such as the interaction of sub-atomic particles, with their
senses [14,15].

Related to virtual laboratories, the students require access to a device, such as a computer,
to run a virtual simulation of the experiment they wish to conduct [16,17]. Within the digital
environment, they can perform measurements while benefiting from a richer and more detailed
visual representation of the phenomenon under study [18–20]. Moreover, virtual laboratories
are considered safer and more cost-effective since experiments can be modified and repeated
countless times without risking damaging physical components [21,22]. Yet, it is important to
note that simulations sometimes involve conventions and simplifications, which may result in
outcomes that could overlook certain aspects of reality.

In the field of microcontroller electronic circuits, Arduino development boards [23]
have found widespread use in educational settings across various academic levels, from
primary school to university [24–26]. These boards can be programmed easily, while the
extensive Arduino community provides a wealth of online resources and suggestions
for implementing circuits, catering to beginners and those working on more advanced
projects [27–29]. In addition, Arduino shields have become widely popular—these are
modular boards that can be mounted on top of the Arduino, providing pre-built circuits for
a wide range of applications. Examples include motor shields, prototype shields, Ethernet
shields, GSM shields, Wi-Fi shields, and LCD shields [30].

Moreover, studies have demonstrated the potential benefits of using Arduino in the
educational process. For example, Tselegkaridis and Sapounidis [31] claim that modular
boards may enhance code learning for Arduino. Based on them, there is a positive correla-
tion between perceived usability and students’ performance. However, it remains uncertain
which interface supports students more effectively in achieving a higher performance, and
what kind of attitudes students hold toward the different interfaces. Therefore, this paper
presents an empirical study involving 110 university students exploring their performance
and attitude toward microcontroller circuits using different interfaces. In addition, this
paper assesses whether students’ prior experience with microcontroller circuits on Arduino
boards might influence their performance and attitude. Consequently, this article deepens
our understanding of the impact of interfaces in this field by comparing the performance
and opinions of three groups of students: (a) those who used breadboards, (b) those who
used modular boards, and (c) those who used simulations.

1.1. Arduino in Education

Teaching science can have a positive impact on students, particularly when conducted
within the framework of inquiry-based learning, ensuring active participation rather than
passive observation [32–34]. The utilization of Arduino in this context has become increas-
ingly prevalent in recent times. Moreover, the teaching of Arduino circuits can be divided
into three parts: (a) microcontroller—students need to learn about the functions of the
microcontroller itself, including, for example, special function registers, (b) coding—they
should write code that the microcontroller will execute, and (c) circuit—they should gain
an understanding of how the code affects the circuit and how various peripherals are
connected to the microcontroller.

Educators and researchers use Arduino boards as an educational and prototyping tool,
integrating them into diverse research fields [35–37]. For example, Papadimitropoulos et al. [38]
conducted chemistry experiments for middle school students, incorporating Arduino as a
pH-meter. In the field of educational robotics, Arduino has been used as a “central processing
unit” [39]. Also, in the field of electronic circuits, Ntourou et al. conducted a study [40], involving
33 fifth-grade primary school students, and found that the use of Arduino for teaching circuits
did not significantly affect motivation but did influence computational thinking. Similarly,
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Fidai et al. [41] conducted a meta-analysis focused on K-12 students, examining the development
of computational thinking through Arduino applications. The results of this study demonstrated
that students who engaged in engineering activities using Arduino and Scratch might enhance
their problem-solving skills and computational understanding. In addition, according to García-
Tudela and Marín-Marín [42], researchers in primary education mostly focus on developing
students’ programming skills rather than improving electronic circuits learning.

Furthermore, Kırıkkaya and Başaran [43] investigated the attitudes toward technology
of 50 university students and found that using Arduino can have a positive impact on them.
However, a similar investigation conducted by Hadiati et al. [44] with 77 university students
showed that the use of Arduino did not positively affect attitudes toward technology. Hence,
it is important to continue the inquiry into students’ attitudes toward the utilization of
Arduino to deepen our understanding and draw more concrete conclusions.

1.2. Prior Comparison in Electronic Circuits

In this paragraph, we examine studies that have assessed user interfaces in the context
of learning electronic circuits.

Kapici et al. [45] compared graphical and hands-on experiments in a middle school
involving 116 students. The study lasted four hours per week for four weeks. According
to the findings, there were no statistically significant differences in the students’ perfor-
mance in the two experimental groups (GUI, TUI). In addition, Kapici et al. [46] compared
TUI and GUI in a middle school with the participation of 143 students, and the interven-
tion lasted four hours per week for four weeks. The results revealed that students who
utilized a combination of TUI and GUI outperformed those who used only GUI. Addi-
tionally, the two interfaces demonstrated a similar effect on skills development. Moreover,
Manunure et al. [47] compared real components and GUI in a middle school involving
49 participants. The study lasted 90 min per week for three weeks. The findings indicated
that the combination of TUI and GUI contributed to students’ better performance compared
to the use of TUI alone.

Kollöffel and de Jong’s [48] research took place in a secondary vocational engineering
school, with the participation of 43 students, comparing hands-on and graphical experi-
ments, and lasted 45 min per week for nine weeks. The results showed that students using
GUI outperformed students using TUI. Also, Finkelstein et al. conducted a study [49] at a
university with 231 participants. The study lasted one semester, and the results revealed
that students who utilized GUI achieved a higher performance than those who used real
components. Moreover, Zacharia’s [50] study was conducted at a university, involving
90 students, and lasted one semester. The students were divided into two groups: one
using TUI and the other utilizing a combination of TUI and GUI. The findings revealed that
the group employing both interfaces achieved higher performance scores than the group
using only TUI.

Zacharia and de Jong’s [51] study was conducted at a university, involving 194 stu-
dents, and the study lasted 90 min per week for 15 weeks. The findings indicated that when
implementing simple circuits, TUI and GUI had an equal influence on students’ perfor-
mance. However, in the case of more complex circuits, students using GUI outperformed
those using real components. Moreover, Başer and Durmus’s [52] study was conducted
at a university, involving 80 participants. The study lasted four hours per week for three
weeks. The results indicated that both interfaces, TUI and GUI, had a comparable effect
on the students. Also, Amida et al. conducted a study [53] for one semester investigating
14 university students’ performance. The findings indicated that both interfaces, TUI and
GUI, had a similar impact on the students.

In conclusion, the existing literature primarily focuses on electronic circuits using basic
components like resistors and examines Kirchhoff’s rules. Also, there is a considerable
shortage of studies that compare user interfaces in the context of learning circuits, particu-
larly with Arduino boards, and some aspects of the educational process are often limitedly
examined. For instance, the influence of students’ prior knowledge on their performance is
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rarely considered, and the potential effects of students’ positive or negative perceptions of
the educational process remain quite unexplored.

1.3. Research Questions

According to the above, it has not yet been established which interface offers a more
effective learning experience. Additionally, it can be assumed that the most effective inter-
ventions in the field of electronic circuits are observed among higher education students [5].
Hence, this paper aims to investigate microcontroller circuits teaching with an Arduino
board among 110 university students, comparing interfaces. Furthermore, this study in-
vestigates the students’ performance in three distinct sub-domains: (a) microcontroller,
(b) coding, and (c) circuits. To meet the above goals, we addressed the following research
questions (RQs):

• RQ1. Does students’ performance vary based on the user interface?
• RQ2. Does prior attendance at a microcontroller lab affect students’ performance?
• RQ3. Do students’ attitudes differ based on the interface they use or their prior

experience in a microcontroller lab?

2. Materials and Methods
2.1. Participants and Procedure

This study involved 110 engineering students (94 male, 16 female) enrolled in the
“Organization and Architecture of Computer Systems” course at the Department of In-
formation and Electronic Engineering, International Hellenic University (IHU), Sindos
campus, Thessaloniki. The average age was 22.06 years old (Std. Deviation = 3.803). Related
to the participants, 50 had prior experience in a microcontroller lab, while 60 were first-time
participants. Moreover, the study lasted two semesters. All the participants were informed
about the objective of the study, and they were assured that their personal information
would be kept confidential. Additionally, the study and its methods had been approved by
the research and ethics committee of IHU.

To address the research questions, we decided to split the sample into three groups,
based on how the students performed the exercises:

• TUIbr group (36 students)—implemented circuits using breadboards.
• TUIboard group (38 students)—implemented circuits using modular boards.
• GUI group (36 students)—implemented circuits using Tinkercad.

No mixed groups/interfaces were established, as the main aim of the intervention was
to explore the influence and efficacy of each interface on the learning process.

For the TUIboard group, we designed custom modular boards in the form of Arduino
shields, incorporating fundamental components such as LEDs, RGB LEDs, push buttons,
LCD 2x16, and dip switches. Figure 1 shows the PCB layouts for the two modular boards,
and how they were mounted on an Arduino Uno. To accompany the circuit diagrams,
students received a summary table that mapped Arduino pins to their corresponding
components.

Figure 1. Modular boards for Arduino Uno.



Information 2024, 15, 245 5 of 16

In detail, this study involved students participating in three exercises, designed for
beginners, each one lasting two hours and conducted once a week. Exercises followed
a pretest and posttest design. Before commencing the activities, students received a ten-
minute guidance, as shown in Figure 2.

Figure 2. Intervention procedure.

Throughout the exercises, students worked individually to complete the activities.
The three exercises in detail were as follows:

• Exercise 1—pins as outputs. The purpose of this exercise was to use the Arduino UNO
to control LED, buzzer, and RGB LED.

• Exercise 2—digital pins. The purpose of this exercise was to use the Arduino UNO to
read digital input signals from switches and buttons, and as a response to activate and
deactivate (RGB) LEDs.

• Exercise 3—analog pins and serial communication. The purpose of this exercise was to
use the Arduino UNO to read analog input signals from a potentiometer and establish
bidirectional communication with the serial port.

Figure 3 illustrates some of the activities during which students built circuits and
programmed the Arduino. To succeed in these activities, the participant had to correctly
align the circuit connections with the corresponding pins defined in the code. Any mismatch
resulted in malfunctions during the activities. These circuits involved the following: (a)
controlling a buzzer and LED through output pins, (b) reading input states from two
switches to manipulate an RGB LED, and (c) managing an analog signal by converting it
to digital, sending it via serial communication, and controlling the output pin states. In
other words, high performance in the activities presupposed students’ writing suitable
code and programing the Arduino. This required knowledge of how and where to connect
components like LEDs to activate them using specific commands. By engaging in these
activities, students gained practical experience in basic circuit design and better understood
the essential link between components and their corresponding coding control.

Figure 3. Exercise circuits.

After completing all the exercises, the students provided feedback on their overall
experience during the intervention responding to attitude questions.

2.2. Instruments

To conduct the study, we utilized the activities and tests that were originally developed
as part of the European Union’s Erasmus+ project “Engine” (accessible at https://study.

https://study.engined.eu/
https://study.engined.eu/


Information 2024, 15, 245 6 of 16

engined.eu/ accessed on 10 March 2022—Course: Embedded System—Grant Number:
2020-1-PL01-KA226-HE-095653).

The tests, specially adapted to assess beginners’ knowledge, were in true/false format.
Each question was awarded 1 point for a correct answer and 0 for an incorrect one. In detail,
the pretest and posttest were identical and consisted of 21 questions, assessing 3 distinct
knowledge sub-domains, each comprising 7 questions. The sub-domains of the knowledge
questionnaire were as follows:

• Microcontrollers—these questions focused on topics related to I/O, and microcon-
troller functions, such as the use of special function registers.

• Coding—questions in this sub-domain centered on microcontroller programming
instructions, assessing syntax and logic errors for a text-based language (Wiring).

• Circuits—these questions focused on the operation of microcontroller circuits, looking
at connectivity issues such as connecting LEDs, dip switches, and potentiometers.

The students provided feedback responding to five attitude questions (Qs):

• Q1. The process of creating an electronic circuit was easy.
• Q2. I am satisfied with the time it took me to complete the activities.
• Q3. The activities motivated me to seek additional information about microcontrollers.
• Q4. The activities enhanced my understanding of interconnecting components in

microcontroller circuits.
• Q5. The activities improved my knowledge of microcontroller programming.

Students used a 7-point Likert scale ranging from “1. Strongly Disagree” to “7. Strongly
Agree”. This scale was chosen because it is believed that it can effectively capture respon-
dents’ ideas and feelings [54,55].

2.3. Data Analysis

A principal component analysis (PCA) was used for data validation of knowledge
questionnaires [56–59]. Also, Cronbach’s alpha was computed to assess the reliability of
all questionnaires (knowledge, attitude). This is a measure of internal consistency and
indicates how closely related the items in a questionnaire are to each other [60].

Additionally, paired/independent-samples t-tests, ANOVA, and ANCOVA tests with
bootstrapping were conducted for data analysis using IBM SPSS Statistics 26. To enhance
the statistical analysis, bootstrapping methods were employed, involving the estimation of
95% confidence intervals (CIs) based on 1000 samples. Bootstrapping assumes no specific
underlying distribution of the data and treats non-normally distributed data as if they
were normal. It achieves this by drawing random subsamples from the original data
samples [61–63].

3. Results
3.1. Reliability

The reliability of the microcontroller sub-domain test was assessed and found to be
acceptable, with a Cronbach’s alpha of 0.663 and inter-item correlations of 0.393. In addition,
the reliability of the coding sub-domain test was assessed and found to be acceptable, with
a Cronbach’s alpha of 0.65 and inter-item correlations of 0.385. Also, the reliability of the
circuits sub-domain test was assessed and found to be acceptable, with a Cronbach’s alpha
of 0.784 and inter-item correlations of 0.55. These alpha values are considered acceptable
given the small number of items (less than 10) [64].

To assess performance differences between pretests and posttests, paired-sample
t-tests based on 1000 bootstrap samples were employed. Table 1 shows that, in all cases,
there was a statistically significant difference in students’ performance between the posttests
and the pretests.

https://study.engined.eu/
https://study.engined.eu/
https://study.engined.eu/
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Table 1. Paired-sample t-tests based on 1000 bootstrap samples for pretest–posttest.

Exercise (Sub) Domain Mean Std. Deviation t Degree of Freedom (df) Sig. (2-Tailed)

1

Total −3.375 2.622 −11.794 109 0.001
Microcontroller −2.766 3.399 −7.458 109 0.001

Coding −4.503 3.158 −13.089 109 0.001
Circuit −3.046 3.047 −9.162 109 0.001

2

Total −2.821 2.322 −11.132 109 0.001
Microcontroller −2.881 2.922 −9.035 109 0.001

Coding −3.134 3.085 −9.311 109 0.001
Circuit −2.382 2.741 −7.967 109 0.001

3

Total −4.156 2.366 −16.100 109 0.001
Microcontroller −4.615 2.806 −15.071 109 0.001

Coding −4.132 3.087 −12.265 109 0.001
Circuit −3.742 2.885 −11.889 109 0.001

3.2. Principal Component Analysis

A principal component analysis with varimax (orthogonal) rotation was conducted
on the 12 items: Posttest1, Posttest2, and Posttest3 with the sub-domain’s posttest for each
exercise (microcontroller, coding, and circuits). The Kaiser–Meyer–Olkin measure did not
confirm the sampling adequacy for the analysis, KMO = 0.147. However, Bartlett’s test of
sphericity [χ2 (78) = 2035.937, p = 0.000] showed that correlations between the items were
sufficiently substantial for PCA.

An analysis was carried out to derive three components from the data. These com-
ponents, when considered together, accounted for 61.44% of the variance. Table 2 shows
the factor loadings after rotation. The items that cluster on the same components suggest
that Component 1 represents the third exercise, Component 2 the second exercise, and
Component 3 the first exercise.

Table 2. Summary of exploratory factor analysis results (N = 110).

Item
Rotated Factor Loadings

1 2 3

Ex
er

ci
se

3 Posttest3 0.873 0.370 0.164
Posttest3Microcontroller 0.701 0.218 −0.019

Posttest3Coding 0.646 0.082 0.198
Posttest3Circuit 0.586 0.450 0.128

Ex
er

ci
se

2 Posttest2 0.205 0.920 0.291
Posttest2Microcontroller 0.116 0.744 0.099

Posttest2Coding 0.358 0.639 0.059
Posttest2Circuit 0.014 0.599 0.407

Ex
er

ci
se

1 Posttest1 0.346 0.224 0.895
Posttest1Circuit −0.031 0.235 0.785

Posttest1Microcontroller 0.546 0.166 0.590
Posttest1Coding 0.180 0.078 0.563

Eigenvalues 5.312 1.424 1.252
% of variance 40.864 10.951 9.629
Cronbach’s α 0.770 0.784 0.784

The reliability of Component 1 was assessed and found to be acceptable, with a
Cronbach’s alpha of 0.770. In addition, the reliability of Component 2 was assessed and
found to be acceptable, with a Cronbach’s alpha of 0.784. Also, the reliability of Component
3 was assessed and found to be acceptable, with a Cronbach’s alpha of 0.784.
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3.3. Students’ Performance Based on Interface

Table 3 shows the pretest and posttest results for the three exercises, per group (TUIbr,
TUIboard, GUI).

Table 3. Pretests–posttest results for interfaces.

Group Test (Sub) Domain
Exercise 1 Exercise 2 Exercise 3

Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation

TUIbr

Pretest

Total 4.941 2.702 5.804 2.715 2.725 2.164
Microcontroller 4.862 3.473 6.276 3.222 2.631 2.394

Coding 4.408 3.119 5.532 3.557 2.619 2.562
Circuit 4.869 2.949 5.544 3.200 2.924 2.816

Posttest

Total 7.947 1.407 8.226 1.079 6.936 1.553
Microcontroller 7.198 2.688 8.338 1.347 7.096 1.455

Coding 8.862 1.362 8.337 1.882 6.966 1.809
Circuit 7.726 1.752 8.004 1.746 6.922 1.961

TUIboard

Pretest

Total 3.942 2.384 5.230 2.381 2.806 2.270
Microcontroller 4.178 2.770 5.476 2.734 2.670 2.782

Coding 3.537 2.736 5.368 2.867 2.738 2.763
Circuit 4.110 2.940 4.845 3.125 3.007 2.459

Posttest

Total 7.899 1.446 7.853 1.400 6.767 1.291
Microcontroller 7.672 2.029 8.304 1.514 7.300 1.619

Coding 8.422 1.587 8.832 1.834 6.799 1.767
Circuit 7.607 2.156 7.027 2.185 6.204 2.334

GUI

Pretest

Total 5.271 2.442 4.621 2.763 2.744 2.418
Microcontroller 5.862 2.853 4.484 3.296 2.450 2.714

Coding 4.636 2.556 4.345 3.177 2.853 2.597
Circuit 5.314 2.760 5.103 2.732 2.792 2.697

Posttest

Total 8.033 1.102 8.276 1.305 7.189 0.890
Microcontroller 7.825 1.780 8.434 1.744 7.220 1.716

Coding 8.506 1.720 8.368 1.881 6.860 1.735
Circuit 7.770 1.395 7.758 1.658 7.221 1.307

In each exercise, an ANOVA test with bootstrap was used to compare the results
from the pretests to determine if the three groups (TUIbr, TUIboard, GUI) are equivalent,
as shown in Table 4. The results indicate no statistically significant differences in the
pretest scores among the three experimental groups, suggesting their equivalence before
the intervention.

Table 4. ANOVA test for pretest based on 1000 bootstrap samples.

Exercise Pretest df Mean Square F Sig.

1

Total 2 14.937 2.475 0.090
Microcontroller 2 19.763 2.238 0.113

Coding 2 11.115 1.430 0.245
Circuit 2 11.890 1.451 0.240

2

Total 2 6.138 0.939 0.395
Microcontroller 2 11.993 1.262 0.288

Coding 2 12.659 1.300 0.278
Circuit 2 1.645 0.177 0.838

3

Total 2 0.376 0.074 0.929
Microcontroller 2 0.291 0.042 0.959

Coding 2 0.674 0.097 0.907
Circuit 2 0.579 0.085 0.918

In each exercise, an ANCOVA test was used to compare the results from the posttests,
with the respective pretests taken as a covariate, as shown in Table 5.
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Table 5. ANCOVA tests for posttests based on 1000 bootstrap samples.

Exercise Posttest df Mean Square F Sig.

1

Total 2 0.005 0.003 0.997
Microcontroller 2 2.078 0.452 0.638

Coding 2 1.587 0.644 0.528
Circuit 2 0.173 0.056 0.946

2

Total 2 0.186 0.112 0.894
Microcontroller 2 0.394 0.177 0.838

Coding 2 0.589 0.135 0.873
Circuit 2 3.405 0.975 0.381

3

Total 2 0.729 0.418 0.660
Microcontroller 2 0.692 0.275 0.760

Coding 2 0.605 0.179 0.836
Circuit 2 5.231 1.384 0.255

The results indicate no statistically significant differences in the posttest scores among
the three experimental groups, suggesting their equivalence after the intervention.

3.4. Students’ Performance Based on Prior Experience

To address RQ2, we divided the students into two groups: those with prior expe-
rience in the microcontroller lab and those without such experience. In each exercise,
an independent-sample t-test was used to compare the results from the pretests and to
determine if the two groups were equivalent, as shown in Table 6.

Table 6. Independent-sample t-tests for pretest and prior experience based on 1000 bootstrap samples.

Exercise Pretest (Sub) Domain Mean Std. Error Difference t df Sig. (2-Tailed)

1

Total −1.624 0.513 −3.160 108 0.002
Microcontroller −2.243 0.608 −3.688 108 0.000

Coding −1.117 0.597 −1.871 108 0.065
Circuit −1.058 0.615 −1.721 108 0.089

2

Total −0.918 0.546 −1.680 108 0.097
Microcontroller −0.705 0.667 −1.056 108 0.294

Coding −1.218 0.667 −1.824 108 0.072
Circuit −0.831 0.649 −1.279 108 0.204

3

Total −0.177 0.485 −0.366 108 0.715
Microcontroller −0.157 0.565 −0.279 108 0.781

Coding −0.395 0.564 −0.700 108 0.486
Circuit 0.095 0.560 0.171 108 0.864

The results indicate statistically significant differences in the pretest scores among the
two groups, for pretest 1 (total) and the microcontroller sub-domain in the first exercise.

In each exercise, an ANCOVA test was used to compare the results from the posttests,
with the respective pretests taken as a covariate, as shown in Table 7.

The results indicate no statistically significant differences in the posttest scores among
the two groups, suggesting that experienced and non-experienced students achieved a
similar performance after the intervention.
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Table 7. ANCOVA tests for posttests and prior experience based on 1000 bootstrap samples.

Exercise Posttest df Mean Square F Sig.

1

Total 1 0.006 0.003 0.954
Microcontroller 1 10.424 2.325 0.131

Coding 1 4.767 1.968 0.164
Circuit 1 0.123 0.040 0.842

2

Total 1 0.013 0.008 0.929
Microcontroller 1 2.424 1.106 0.295

Coding 1 0.260 0.060 0.807
Circuit 1 0.348 0.099 0.754

3

Total 1 2.554 1.488 0.225
Microcontroller 1 0.315 0.126 0.723

Coding 1 7.322 2.281 0.107
Circuit 1 0.286 0.075 0.785

3.5. Students’ Attitude

Table 8 shows the results of the five Likert-type attitude questions. To assess the
attitude of the groups toward different interfaces, ANOVA tests (with bootstrap) were used
to compare the results and to determine if the three groups (TUIbr, TUIboard, GUI) are
equivalent, as shown in Table 9.

Table 8. Students’ opinion statistics.

Question Mean Std.
Deviation

Skewness Kurtosis
Statistic Std. Error Statistic Std. Error

Q1 5.14 1.123 −0.452 0.240 1.105 0.476
Q2 5.44 1.252 −0.755 0.240 0.046 0.476
Q3 4.76 1.477 −0.490 0.240 −0.039 0.476
Q4 5.56 1.236 −1.317 0.240 2.696 0.476
Q5 5.44 1.228 −0.955 0.240 1.430 0.476

Table 9. ANOVA test for students’ opinion.

Question df Mean Square F Sig.

Q1 2 5.600 4.778 0.010
Q2 2 2.124 1.364 0.260
Q3 2 0.085 0.038 0.963
Q4 2 4.653 3.177 0.046
Q5 2 4.025 2.763 0.068

The results indicate statistically significant differences in Q1 and Q4. In detail, students
who utilized modular boards found them harder to use in the circuit creation process. Con-
versely, students who used GUI thought that the activities enhanced their understanding
of the interconnection of components in microcontroller circuits, as shown in Figure 4.

To assess the attitude of groups with different prior experiences, independent-sample
t-tests (with bootstrap) were used to compare the results and to determine if the two groups
are equivalent, as shown in Table 10. The results indicate differences in Q1 and Q2. In
detail, students without prior experience found the circuit creation process harder. On
the other hand, students with prior microcontroller lab experience were more satisfied
with the time it took them to complete the exercises, than the ones without microcontroller
lab experience.
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Figure 4. Students’ opinions varied by interfaces.

Table 10. Independent-sample t-tests based on 1000 bootstrap samples for students’ attitudes and
prior experience.

(Sub) Domain Mean Std. Error Difference t df Sig. (2-Tailed)

Q1 −0.624 0.217 −2.880 109 0.005
Q2 −0.477 0.247 −1.946 109 0.052
Q3 0.242 0.296 0.819 109 0.415
Q4 0.078 0.248 0.315 109 0.753
Q5 0.161 0.246 0.655 109 0.514

4. Discussion

According to the existing literature, there are a limited number of articles that investi-
gate students’ performance using real components in breadboards, prefabricated modular
boards, and computer simulations in learning microcontroller electronic circuits. This
article, therefore, focuses on university students, aiming to compare the performance of
groups utilizing different user interfaces for learning microcontroller, coding, and circuits
with Arduino, in a series of three exercises.

The main purpose of the exercises was to facilitate the implementation of circuits,
connecting components with the Arduino using three different methods: (a) breadboard,
(b) modular board, and (c) Tinkercad. Additionally, students were tasked with program-
ming the Arduino to ensure the proper operation of the circuits in each activity. The
exercises encompassed a variety of tasks, including the following: (a) configuring outputs
and connecting with RGB LED, LED, and buzzer, (b) handling inputs and connecting with
dip switches and push buttons, and (c) converting analog signals to digital and connecting
analog voltage via a potentiometer to the Arduino. Students improved their understanding
of the fundamental connection between components and their respective programming
control through active participation in these activities, gaining practical experience in basic
circuit design in the process. Therefore, our approach went beyond the study of the basic
principles of digital circuits to include analog electronic circuits, providing students with
a broader understanding of the Arduino’s capabilities. Additionally, we gathered partici-
pants’ feedback on their learning experiences during the intervention, to provide further
insights into the field. Furthermore, we examined students’ performance and attitudes,
considering whether they had previous experience in a microcontroller lab. Initially, the
intervention can be considered successful, as the statistical analysis revealed significant
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differences in student performance between the pretests and posttests. Similarly, statis-
tically significant differences were also detected in the pretest–posttest results across the
sub-domains: microcontroller, coding, and circuit.

Moreover, the PCA results, despite explaining approximately 60% of the variance, offer
valuable insights into the underlying structure of our data and provide evidence supporting
the validity of our experimental design. Notably, Table 2 illustrates that the three exercises
formed distinct factors. Future research could explore alternative dimensionality reduction
techniques or incorporate supplementary data to further elucidate these underlying factors
and enhance our understanding of microcontroller education.

In order to explore sufficiently whether students’ performance varies based on the
user interface (RQ1), we divided the students into three groups. Given the widespread use
of Arduino shields, we decided to introduce another group alongside the breadboard users,
with TUI. This additional group used modular boards for their experiments, as shown in
Figure 1. According to the results of the statistical analyses, it can be concluded that the
three groups did not show significant differences in their performance. In other words,
no matter whether students utilized TUIs or GUI, they achieved comparable scores. This
finding aligns with the results of previous studies [45,51–53]. Nevertheless, studies [48,49]
demonstrate that students using GUI achieved better results compared to those using TUI.
Conversely, studies [46,47,50] revealed that a combination of TUI and GUI contributed to
students’ higher performance. However, these studies focused on simple electronic circuits,
not microcontroller circuits.

According to previous attendance at a microcontroller lab (RQ2), one might assume
that prior knowledge and experience with microcontroller circuits could benefit students.
Indeed, in the pretest of the first exercise, students with prior experience achieved statis-
tically significantly higher scores than those without prior experience, specifically in the
microcontroller sub-domain. Yet, while considering the posttests of these two groups, no
statistically significant difference was observed. Thus, prior knowledge provided an initial
advantage, but after completing the first exercise, both groups of students achieved similar
scores. Consequently, this intervention can be considered a success, since at the end of the
exercises, all students had reached the same level of knowledge.

To investigate the students’ attitudes (RQ3), a Likert-type questionnaire consisting of
five questions was administered to them. The statistical analysis revealed that among the
groups that used different interfaces, students who utilized GUI expressed the strongest
belief that their understanding of the interconnection of components in microcontroller
circuits was enhanced. This might appear paradoxical since this group did not utilize
physical components. However, through the Tinkercad, they were able to swiftly and
conveniently experiment with circuit connections. As a result, the students using GUI be-
came more confident, although they did not achieve a better knowledge score. Conversely,
students who worked with our modular shield found the circuit connection process harder.
This could be attributed to the fact that simply ”snapping” one board onto another may
have deprived them of the opportunity to experiment with connections, thus limiting their
confidence in this specific domain, that is, the approach of implementing circuits through a
graphical environment was not found to be inferior to using real components. Nevertheless,
ongoing research in this field is imperative in order to draw stronger conclusions.

In terms of the groups with and without previous experience, the statistical analysis
indicated that students with prior experience were more satisfied with the time required
to complete the circuits. This outcome aligns with our expectations, so although prior
experience did not provide students with a knowledge advantage at the end, it enhanced
their confidence by familiarizing them with the learning content. Furthermore, students
encountering microcontroller circuits for the first time found the circuit creation process
harder. Thus, in the field of teaching electronic circuits, before designing the exercises, the
time required should be considered.

Our findings suggest that by using real components on a breadboard, or modular
boards, or simulations, they can all achieve a comparable student performance in terms
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of understanding microcontrollers and developing coding skills. However, for scenarios
where the primary focus is on circuit learning, modular boards may not be the most suitable
choice. In such cases, using a Tinkercad simulation environment can be more effective
as it reinforces students’ comprehension and engagement with interfacing individual
electronic components. Finally, as future work, it would be interesting to investigate the
transfer of knowledge from a Tinkercad simulation environment to a physical environment
by studying how effectively students’ engagement and time to complete the task differ
between the two settings.

5. Conclusions

This article explores teaching circuits with Arduino using TUI and GUI through a series
of three exercises for 110 students. In this study, two TUI groups were formed as follows:
one utilizing a breadboard and the other employing an Arduino modular board designed
for this study. The research design was validated through principal component analysis.
The results of the intervention indicated that none of the three groups exhibited statistically
significant differences in posttest performance, thus establishing their equivalence after
completing the exercises. Additionally, the division of students into two groups based
on their prior experience with microcontroller circuits revealed that although statistically
significant differences were initially observed in the pretest of the first exercise, no such
difference remained at the end of the exercises, rendering the two groups’ performance
equivalent. Furthermore, based on the students’ feedback, the group that used GUI believed
that their understanding of connecting components in microcontroller circuits had been
improved. Conversely, students who used the modular board and those without prior
microcontroller lab experience found circuit connections more difficult. Looking ahead,
future research in this field should continue to investigate and compare TUI and GUI
interfaces, possibly by including groups of students working with mixed interfaces.

6. Limitations

The present study focuses on university students, which may pose limitations regard-
ing the effect of interfaces on Arduino learning related to individuals at other educational
levels or professionals. Additionally, the sample size might not have been large enough to
detect significant changes in performance among the three different groups. Finally, long-
term studies involving interviews could potentially provide further insight into this field.
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