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Abstract—Professors who have integrated computer 
programing into their college courses have faced a complex 
challenge as students often have had difficulties learning the 
fundamental concepts of coding due to a lack of prior knowledge 
and interest. There are few existing studies in which researchers 
have investigated how to prepare 6th-12th grade students for 
coding-oriented college level STEM courses using physical 
computing materials. The purpose of this study was to first 
design and implement a microcontroller coding course during a 
two week STEM summer camp for middle and high school 
students (N=86) in order to prepare such students for coding-
oriented STEM courses in college. The results from the 
quantitative data (surveys) and qualitative data (interviews and 
observations) indicated that students, after taking the course, felt 
that they were more likely to be successful in courses requiring 
coding tasks because they had developed an initial understanding 
of coding. Most students showed an increased interest (p < .05) in 
majoring in computer and electric engineering after engaging in 
the microcontroller course includes coding. Incorporating coding 
into middle and high school STEM courses may have far 
reaching implications for student preparation in programming 
and interest in computer and electrical engineering.  

Keywords—informal STEM learning, coding, engineering 
interest, and microcontroller. 

I. INTRODUCTION

A. Coding Needs for STEM majors
The ever-growing shortage of students who are interested

in pursuing engineering and technology related college majors 
has been a major concern for both educators and policy 
makers [1]. A myriad of strategies and modifications have 
been implemented in existing science, technology, 
engineering, and mathematics (STEM) programs and 
curriculum in an attempt to increase middle and high school 
students’ interest in engineering and technology related career 
paths [2]. For example, today’s formal STEM programs in 
schools often include engineering-focused curriculum (e.g., 
Project Lead the Way), engineering-based clubs (e.g., robotics 
club), and opportunities for students to meet and, on occasion, 
work alongside professional engineers. In addition, recently 
(developed/modified) informal STEM programs frequently 

include engineering- and technology-focused STEM camps, 
trips to STEM museums, and opportunities for students to 
participate in engineering fairs [1]. Researchers have already 
noted that attending such STEM programs has the potential to 
increase students’ motivation toward engineering disciplines, 
which in turn influences the likelihood that those students will 
pursue engineering-related majors [2]. 

The positive effects of such STEM programs in motivating 
students to pursue post-secondary academic and career 
pathways in STEM fields has a critical influence in the U.S.’s 
ability to maintain its status as a global economic power and 
scientific leader. However, there is further cause for concern 
in the retention rate for students in STEM majors. Researchers 
have found that 62% of students who initially major in STEM 
disciplines during college eventually change their major to a 
non-STEM discipline. One significant factor that may 
influence the low retention rate in STEM majors is students’ 
lack of coding knowledge and skills. Most college freshman 
have expressed discomfort and insecurity when first 
introduced to coding in their college courses [3]. In fact, 
professors whose courses require coding skills encounter a 
significant challenge as a number of students, due to a lack of 
prior knowledge and interest, enroll in their courses believing 
that the class content will be unrelated to coding [4]. 
Unfortunately, this lack of prior experience and understanding 
of coding has caused many students who have initially 
majored in STEM fields to struggle with learning basic coding 
concepts, which in turn has led some of them to believe that 
engineering is not one of their core interests [5]. Thus, there is 
a dire need for innovative teaching and learning practices in 
secondary school classrooms that will better prepare students 
for the coding material they will encounter in college. 

B. The Importance of Creativity & Problem Solving in the
21st century
It is equally critical that innovative coding-oriented

practices and curriculum in middle and high school foster 
students’ abilities to derive creative solutions for contemporary 
issues. In the 21st century, engineers and scientists are expected 
to both effectively employ available cutting-edge technology 
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and to produce innovative technology that will advance that 
which already exists. To meet these expectations, the current 
and future STEM workforce requires exceptional problem-
solving skills and creative abilities. In fact, most employers in 
the STEM sector now seek to hire divergent thinkers with the 
ability to produce creative and innovative thought and solve 
problems [6]. Divergent thinking has been defined as a 
collective process that includes the different ways that a person 
suggests a solution, the originality of the person’s thought, and 
the various ways that the person solves the problem [7]. 
Creativity within this context has been defined as a “set of 
rules and practices that must be transmitted from the domain to 
the individual. The individual must then produce a novel 
variation in the content of the domain, and this variation must 
be selected by the field from inclusion in the domain” [8] 
Researchers have found that students recognize the relevance 
of creativity in their learning process and its relation to STEM 
fields. They determined that high school students believed 
using creativity was necessary for a career in STEM and that it 
helped to enhance their problem-solving skills [9]. Proficient 
problem-solving skills are equally important as such skills help 
to develop students’ critical-thinking skills, which are also 
equally essential for success in the 21st century [10]. Critical-
thinking skills develop over time to assist with solving a 
variety of problems, from academic work and research one 
may engage in while pursuing a STEM degree, to those found 
in STEM occupations, to more general problems encountered 
in one’s personal life. The ability to harness problem-solving 
and critical-thinking skills to creatively approach a problem 
from a wide variety of perspectives within any discipline 
allows for the development of more well-rounded and 
comprehensive solutions. Students who have opportunities to 
develop such abilities within a STEM context prior to college 
will be equipped with essential skills required to excel in 
engineering-related post-secondary academic and career 
pathways.  

C. Coding in middle and high school (6th-12th grade) 
Several scholars have proposed new teaching and learning 

practices targeting 6th-12th grade students to mitigate the 
difficulties college students have experienced in coding and to 
improve students’ creative abilities and problem-solving skills 
[11-12]. Incorporating robotics classes in STEM programs for 
secondary students, for example, is one method that may build 
students’ creativity and problem-solving skills and enable 
them to understand programming concepts prior to college 
[13]. For the United States (U.S.) to maintain its status as a 
global leader, researchers have noted a need for innovative 
instructional practices that aim to prepare K-12 students with 
the knowledge and skills to 1) become future innovators 2) 
enable them to adopt and create new technological 
developments [14]. Findings from prior research indicated that 
the innovative STEM experiences of secondary students 
positively affected their STEM-related learning and interest in 
STEM careers [15]. Therefore, making changes to the 
education system in ways that integrate computers along with 
cutting-edge technology and the tools to harness and 
manipulate such technology, like coding, into classrooms to 
generate a technologically literate society is vitally important.  

 
Many countries have already updated their computer 

science curriculum to create both a technologically literate 
society and producers of future technologies [16]. As being 
born into digital age requires today’s children to be more 
dynamic, flexible, and innovative, having and updating 6th-
12th computer science curriculum based on new technological 
developments is beneficial in order to produce a creative, 
higher-order thinking, and problem-solving generation 
equipped to generate creative solutions for a given problem by 
adopting and producing new technologies. Researchers have 
suggested creating formal and informal learning opportunities 
for middle and high school students that include the use of 
computer and engineering applications (e.g., robotics, 3D 
printers, and an unmanned aerial vehicle (UAV) in order to 
improve their coding proficiency [17]. However, the process 
of teaching and learning coding might also pose a challenge 
for 6th-12th grade teachers similar to that faced by college 
students as a number of teachers may have no prior coding 
knowledge and skills [5]. Once coding is introduced to 
students in middle and high school, issues such as such as 
algorithmic rules of logic and syntax of programming 
languages may arise [4]. Therefore, due to the complex nature 
of coding, it is essential to develop innovative instructional 
models that are comprehensible for teachers and that enable 
those teachers to coherently and thoroughly teach 6th-12th 
grade students how a computer [17] and electronic function 
through engaging engineering activities.  
 

Effective instructional models that incorporate coding into 
engineering activities should consist of extensive multi-
sensory and self-guided learning opportunities. Research has 
shown that students felt more comfortable when they learned 
coding through visual representations (videos, animations, and 
figures), verbal explanations, and discovering codes by 
themselves [18]. Receiving computer science related 
intervention improved students’ programming skills, higher 
order thinking, and algorithmic problem-solving skills [19]. 
Findings from another study indicated that K-12 students 
statistically significantly developed their geometric thinking 
and metacognitive tasks after receiving computer science 
related intervention [20]. Additionally, middle and high school 
students who applied the trial-error method to solve issues 
related to programming developed their analytical reasoning 
and became better problem solvers [21]. Although the positive 
effects of coding intervention on K-12 students’ 
metacognition, problem-solving skills, and creativity have 
been reported, researchers have yet to address how students’ 
perceptions of their own problem-solving skills, creativity, 
and aspirations to major in computer and electrical 
engineering have changed after they received coding-focused 
microcontroller intervention. Moreover, none have examined 
the experiences of students who have engaged with coding 
and electricity concepts through the use of microcontrollers in 
a project-based learning class. Therefore, we developed a 
course that incorporated the use of Arduino-Uno, a collection 
of microcontroller physical computing materials, and then 



implemented this course during a two-week STEM summer 
camp for middle and high school students. This study 
investigated the effects of participating in the coding-focused 
microcontroller course on middle and high school students’ 
perception about their creativity and problem-solving skills 
along with their experiences and attitudes toward coding tasks 
and majoring in computer and electrical engineering.  

II. PURPOSE AND RESEARCH QUESTIONS 
The purpose of this study was to determine the influences of 
coding-focused microcontroller intervention on students’ 
perceptions of their creativity, problem solving, and attitudes 
toward pursuing computer/electrical engineering degrees. 
Based on this objective, we posed the following research 
questions: 

1. How do students’ self-perceptions about their 
creativity in STEM disciplines change after receiving 
coding-focused microcontroller intervention? 

2. How do students’ self-perceptions about their 
problem-solving skills in STEM disciplines change 
after receiving coding-focused microcontroller 
intervention? 

3. How do students’ self-perceptions about majoring in 
computer and electrical engineering disciplines 
change after receiving coding-focused 
microcontroller intervention?  

III. METHODOLOGY 
Middle and high school students (N=86) enrolled in a two-

week STEM camp held on a university campus in central 
Texas during the summer of 2017. Students were accepted on 
a first come first served basis regardless of their demographic 
and academic backgrounds; however, a diverse student body 
was served in terms of their gender and ethnicity. The camp 
consisted of students who would be entering grades 8 to 12 in 
the upcoming Fall 2017 Semester.  

A. Intervention 
We designed the microcontroller lesson for the present 

study to provide an extensive, hands-on learning experience 
addressing advanced high-school level coding concepts. The 
lessons were taught on a daily basis over the course of 10 
days, during which time the students received guided 
assistance in utilizing Arduino Uno, which is a 
microcontroller tool, and Arduino IDE, which is a coding 
program employed to run Arduino Uno. The lesson activities 
provided students with continuous opportunities to practice 
and better understand coding and its practical application in 
the programming of a microcontroller. Moreover, we designed 
the activities to encourage students to self-construct their 
knowledge and refine their approaches to thinking about 
coding and engineering processes in direct relation to other 
subject areas such as mathematics, music, and science (see 
Table 1 for interdisciplinary activities). At the start of the 10-
day intervention, students learned the basic concepts of how 
code and electricity function in a microcontroller and then 
gradually learned more advanced concepts of coding and 

programing as the intervention continued. For instance, during 
the first four days of intervention, the students first learned 
about basic electrical knowledge involved in engaging with 
microcontrollers by creating a simple circuit with a LED. 
After acquiring this basic electrical knowledge, they then 
learned how to control various features of the LED circuit to 
adjust the brightness and change the color of the LED. The 
students then progressed to using several LEDs to form 
integrated LED circuits, which required them to consider the 
possible ways of creating various LED color sequences. They 
tried various sequence combinations of coding they had 
created, and connected this idea with physics (e.g., electricity 
and circuits) and mathematics concept (e.g., permutation and 
combination). In addition, at this advanced level in the 
activities, students had the opportunity to use other materials 
such as a temperature sensor, a servo, a motor, a buzzer, and a 
liquid crystal display (LCD), allowing them to approach 
diverse types of electronical products and learn how to make 
these products work. During the intervention, each activity 
was progressively more advanced and required knowledge of 
more complex electronical concepts than the previous activity. 
Through engaging in these activities, we expected that the 
students would have an opportunity to grasp the engineering 
knowledge and skills necessary to execute basic coding and 
programming, as well as to increase their creativity.  An 
outline of each lesson’s content is listed in Table 1. 

 
Table 1. Coding-Focused Microcontroller Lesson Contents 

Day 1 Task: Create a simple circuit with LED to make it blink 
Learning: Students understand basic electrical knowledge. 

Day 2 Task: Control the brightness of an LED using a potentiometer 
Learning: Students learn that a potentiometer, which is known as a 

variable resistor, demonstrates a variable voltage 
divider circuit. 

Day 3 Task: Change colors with one LED 
Learning: Students understand how to use a RGB LED to create 

unique color combinations and to think about the 
number of possible sequences of those combinations 
(the concept of permutation, combination).  

Day 4 Task: Change colors with multiple LEDs 
Learning: Along with controlling the RGB LEDs, students learn 

about several programming tricks that keep the code 
neat and tidy and the larger number of color 
combination sequences (more complex concept of 
permutation, combination). 

Day 5 Task: Measure temperature with a linear temperature sensor 
Learning: Students learn how to use the breadboard to measure 

temperature and use the Arduino IDE’s serial monitor 
to display the temperature. 

Day 6 Task: Move a servo to various positions at several speeds 
Learning: Students learn how to use pulse width modulation to 

control and rotate a servo. 
Day 7 Task: Make a motor spin 

Learning: Students assemble the motor circuit’s components and 
create a code to spin the motor. 

Day 8 Task: Connect integrated LED circuits 
Learning: Students practice using a shift register, which is called a 

serial-parallel converter, to control eight LEDs. They 
understand the concept of integrated circuits and how 
predefined codes works in output.  

Day 9 Task: Compose music 
Learning: Students create their own functions using more codes to 

create and play the music.  



Day 10 Task: Display commands on a LCD 
Learning: Students learn how to use a LCD that can display 

commands or information depending on how students 
program their breadboard. They can formulate their 
own program to display their commands on a LCD. 

 

B. Assessment 
We employed a triangulation method and design 

when conducting the present study in order to utilize a 
qualitative paradigm to support our quantitative findings. 
“This design is used when a researcher wants to directly 
compare and contrast quantitative findings or to validate 
or expand quantitative results with qualitative data” [22]. 
(Creswell & Clark, 2007, p. 62). The quantitative portion 
of the study, which consisted of comparing students’ 
responses to a pre-post Qualtrics survey, was quasi-
experimental in design. The survey questions consisted of 
Likert-scale items on a scale from 1 to 5 or from strongly 
disagree to strongly agree. Students took the pre-survey a 
week before the intervention started and took the post-
survey immediately after the intervention concluded. 
Three items were employed to measure differences in 
students’ perceptions of their own creativity, problem-
solving skills, and majoring in computer/electrical 
engineering. The pre-post survey consisted of the 
following questions: 1) I believe I can come up with 
divergent ideas when I am working within STEM 
disciplines; 2) I believe I can solve problems in STEM 
disciplines; and 3) I want to major in computer/electrical 
engineering fields. SPSS 24 was used for statistical 
analyses. To determine pre-to-post differences on survey 
items, a paired-sample t-test was applied. Hedge’s g 
effect sizes and confidence intervals were reported.  

IV. RESULTS 
Results from the present study revealed that students’ 

perception about their own creativity in STEM fields 
underwent a statistically significant (p < .05, see Figure 1) 
change after students engaged with a 
coding/microcontroller intervention. The Hedge’s g effect 
size for this difference was 0.60, and the confidence 
interval associated with this effect size was (0.48, 0.72). 
These results indicated an improvement in the students’ 
perceptions of their creativity after the intervention. 

 

 
Fig. 1. Perceptions about the need for creativity in STEM fields 

 

The quantitative results, when supplemented with 
qualitative data gathered from the students, further 
suggested that the students were better able to 
conceptualize and articulate the ways in which creativity 
may be expressed in STEM disciplines after the 
intervention. For example, one student said “We did have 
an option to use our creativity in coding and 
microcontroller classes. While we were working on our 
Arduino project, we were free to choose and utilize the 
patterns we liked to follow. For example, I created a linear 
model when coding to make four LEDs on meaning the 
LEDs on as it is ordered. I mean first LED turns on and 
off, and the second, the third, and the fourth. However, my 
friend did her coding in a way that that the first and last 
LED turned on and off, and then the second and the third 
one turned on and off. Since we had freedom to choose any 
sequential patterns to do on our coding, we challenged 
ourselves with each of us trying to be more creative to 
produce something different than the other”. This student’s 
response suggested that the course allowed him freedom of 
creative expression in an engineering context, which 
helped to develop his existing creativity. Other students 
expressed that their understanding of the relationship 
between creativity and STEM disciplines had both 
broadened and deepened. One student noted that there are 
multiples ways that creativity and artistic expression can 
be incorporated in a coding and microcontroller context, 
providing the following observation: “After taking the 
coding and microcontroller class, I understand that 
creativity doesn’t mean solely that I got to draw, but it 
means I did something that required my brain to think 
divergently, like using my knowledge of coding and 
electric circuits to create something new, like new coding 
sequences that produced LED new color combinations. So, 
I would say definitely the in coding and microcontroller 
class, I got use my brain in artistic ways in all of the 
activities”. While student in the previous response 



described the use of creativity in the coding and 
microcontroller course as an artistic process, another 
student felt creativity in this course was not as related to art 
as it was to divergent thinking. This student shared the 
following perspective after the intervention, “After taking 
the coding and microcontroller class, creativity to me isn’t 
about being artistic in STEM but more about thinking 
outside the box; except on a dramatic level. The world 
couldn’t have advanced without daring risks and that to me 
is creative. So, during the course, I would try to think of 
the best and fastest way to go about creating a product in a 
coding and microcontroller project while also giving it the 
most unique aspects I could”. This response suggests that 
the student was able to define creativity’s relation to 
STEM within the course, but more importantly, it also 
suggests that the course helped the student to conceptualize 
the innovations throughout the history of mankind with the 
ability to take intellectual risks and harness the ability 
think creatively to create solutions. Despite the slight 
variation in responses, for example, on the question of how 
related creativity is to artistic expression, the students 
provided considerably articulate, insightful, and broad 
perspectives on the relation between creativity and STEM 
disciplines.  

 
Results for students’ self-perceptions about their 

problem-solving skills in STEM disciplines statistically 
significantly (p < .05, See Figure 2) changed from pre-
survey to post-survey. After receiving coding-focused 
microcontroller intervention, a majority of the students 
identified themselves better problem solvers in STEM 
disciplines. The Hedge’s g effect size associated with the 
pre- and post-difference of students’ perception about their 
own problem-solving skills in STEM disciplines was 0.68, 
and the confidence interval associated with this effect size 
was (0.56, 0.8).  

 

 
Fig. 2. Students’ self-perception about their problem-solving skills  

Qualitative findings again supported the quantitative 
results. Students felt that they became better problem solvers 
after participating in the coding-focused microcontroller class, 
and most of them attributed this change with the nature of the 
coding/microcontroller class itself. They expressed that 
learning coding through the trial-and-error method, visual 
representations, verbal explanation, and discovering the codes 
by themselves enabled them to understand that a problem can 
be creatively solved in more than one way. For example, one 
student said, “While coding, we were repeatedly guessing and 
checking to create the codes, and this makes me think that if 
you spend enough time and effort, there is no problem you 
cannot solve, and with this method, I think it’s a lot easier to 
create code on my own. It did help though to have some 
guidance, like instructional videos that show demonstrations 
to help me get the basic idea”. Another student shared his 
experiences by saying, “Staying with problems during our 
coding/microcontroller projects and applying trial-and-error 
strategy helped to have a better awareness of my mistakes and 
how to fix those mistakes by myself. I feel that I am now 
better in finding creative solutions to problems through trial-
and error strategy in coding.” Hearing these experiences from 
students lead us to conclude that students felt that they were 
more likely to be successful in courses requiring coding tasks 
because they had developed an initial understanding of 
coding. 

 
Students’ perceptions of majoring in computer and electric 

engineering also changed after they received 
coding/microcontroller intervention. Results indicated that 
their interest in majoring in computer and electrical 
engineering statistically significantly increased (p < .05). The 
Hedge’s g effect size associated with this increase was 0.45, 
and the confidence interval associated with this effect size was 
(0.32, 0.58). 

 

 
Fig. 3. Students’ interest in pursuing computer and electrical engineering 

degrees 
 

 



After participating in the coding/microcontroller course, 
students appeared to be more interested in pursuing academic 
and career opportunities in the fields of computer and 
electrical engineering. For example, one student wanted to 
pursue a computer science degree after realizing the great 
utility of computers when one has the tools and knowledge to 
use them to their full potential. He said,  “After I took the 
class, I realized how many things I could do by using 
computers. I definitely think I will be majoring in computer 
engineering.” Another student also emphasized the idea that 
simply learning about the coding and microcontroller 
materials and how to use them heighted her interest in 
pursuing a related academic and career path. She said, “The 
microcontroller course did help me to see the application of 
my coding as Arduino visualized the code I created on 
breadboard. Arduino also helped me to observe the basic 
foundational concepts and uses of electricity and electronics 
such as loop concepts, circuits, sensors, servo motor, and 
LEDs. I think I am much more interested in pursuing an 
electronic engineering degree after having opportunity to 
engage with these materials.” Likewise, one student 
mentioned that “I was always hearing about materials such as 
breadboard and sensors but had never physically touched 
them. Taking the microcontroller class gave me opportunities 
to engage with these materials. Before the class, I was more 
interested in the theory of physics, but now I am also more 
interested in application of the coding and electronics.” This 
student expressed a similar sentiment to the other two, 
namely, that exposure to and engaging with the materials was 
key to his interest in further investigation into the many 
applications of both coding and electronics. Hands-on 
experience with the materials in the coding/microcontroller 
course was a key factor in their heightened interest in further 
pursuing computer and electrical engineering.   
 

V. CONCLUSIONS 
The primary purpose of this study was to explore the 

effects of Arduino-based coding/microcontroller intervention 
on middle and high school students’ major and career interest 
in computer and electronic engineering and their self-
perceptions about their creativity and problem-solving skills. 
The findings indicated that using the Arduino-based 
microcontroller/coding activities improved students’ self-
perceptions about their creative ability and problem-solving 
skills. The intervention also increased students’ major and 
career interest in computer and electronic engineering. 
Students perceived their time spent engaged in the 
coding/microcontroller class as a valuable learning experience 
that afforded them the opportunity to create code which was 
then used to program tangible objects, thereby providing 
students allowing students to see the practical application of 
coding.  
 

The results of the present study are consistent with 
previous research findings, in which researchers advocated 
teaching abstract problems by using tangible objects [2, 23, 
24, 5]. One possible explanation for the improvement found in 

students’ self-perception about their problem-solving skills 
and creativity might be engagement with hands-on activities 
while coding. Working with tangible objects to solve 
problems related to coding may enable students to 
meaningfully understand the function of each command in 
syntax. Furthermore, working with hands-on activities such 
wiring wires or placing LEDs or sensors on breadboard may 
have helped students understand the roles of each material for 
successful data transmission from computer to 
microcontroller. After students meaningfully understand the 
foundation of abstract concepts such as coding, they may be 
better prepared to generate more creative solutions for given 
problems. In addition, it appears that the creative potential 
inherent within the coding process may have prompted 
students to consistently attempt to solve problems related to 
the coding/microcontroller activities during the intervention in 
a creative way. This persistent effort to find creative solutions 
and codes may be one of the reasons why we observed an 
improvement in students’ self-perceptions about their 
creativity and problem-solving skills after the intervention. 
This explanation can be supported by one of the most popular 
quotes of Albert Einstein; “It’s not that I am so smart. It’s just 
that I stay with problems longer”. Since staying with problems 
longer, or demonstrating dedication to finding solutions for 
given problems, can lead students be more productive in terms 
of finding creatively divergent solutions, they may also have 
fun while learning. As Albert Einstein said “Creativity is 
intelligence having fun”.  

 
The present study also noted that students became more 

interested in pursuing computer and electronic engineering 
degrees and career paths. This finding can be explained by 
Lent, Brown, and Hacket’s socio cognitive career theory [25], 
in which they posit that a person’s career interest is shaped by 
the practices he/she experienced. The underlying concept of 
this theory is that students’ increased self-efficacy and interest 
in a particular subject through early experiences can predict 
their future career interest. For example, a student who was 
exposed to computer and electronic related activities at an 
early age is more likely to plan to seek out computer and 
electronic engineering-related activities to engage in, like a 
robotics club or computer AP class. In sum, the implications 
of implementing coding-focused microcontroller activities 
within middle and high school level curriculum consist of 
preparing a technologically literate and advanced group of 
future STEM leaders in the fields of computer and electrical 
engineering who have the skills and knowledge to successfully 
pursue academic and vocational pathways in STEM using 
creative and innovative problem-solving methods. 
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