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ABSTRACT This research analyzed the outcomes of an inquiry-based learning (IBL) activity presented to
electronics engineering students to help them develop their abilities, propose new experiments, and construct
their own knowledge. The IBL activity was led by a carbon nanotubes-based sensor prototype presentation
where 39 engineering students were introduced to the operation of the prototype, followed by a discussion
where the presenters highlighted possible applications of this type of prototype and a ten-minute questions
session. At the end of the presentation, all participants answered a survey analyzing the impact of the
IBL activity on their understanding of electronics engineering concepts and their motivation to design new
experiments to explore and test their knowledge. The qualitative and quantitative data analysis showed that
most of the participants were interested in the IBL activity, reporting that they would like to have more of
this type of presentation in their engineering courses. Participants’ interest in the prototype presentation was
reflected in their understanding of electronics engineering-related topics and their motivation to design new
prototypes. They reported that they learned something new or developed a better understanding of topics they
previously learned in their courses from the examples shown during the IBL activity. This research suggests
that more IBL activities and partnerships with the industry should be included in electronics engineering
courses aimed at developing students’ abilities to design and build technological applications.

INDEX TERMS Learning research, inquiry-based learning, engineering students, electronics engineering,
carbon nanotubes, educational innovation, higher education, experiential learning.

I. INTRODUCTION
Science, Technology, Engineering, andMathematics (STEM)
professionals are fundamental to a country’s development.
They design technological solutions to solve the most rel-
evant problems around the globe, which ultimately helps
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society live better [1]. Hence, the current interest in attracting
more students to STEM careers and designing better teaching
strategies to develop critical thinkers and professionals with
the skills to solve problems using scientific and technological
applications [2], [3].

Many teaching strategies could help STEM educators
develop their students’ understanding of STEM-related topics
and their applications. These teaching strategies are used to
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engage students and promote their interest in science and
technology topics [4], [5]. Inquiry-based learning (IBL) is
a teaching strategy that could help students propose new
hypotheses and develop experiments that could help them
construct their knowledge based on observations [6]. Cur-
rent literature analyzing the effectiveness of IBL as an
instructional approach suggests that strategies such as direct
instruction and unassisted discovery could result in better
student learning experiences [7]. In most cases, learning
outcomes are better for students guided by the IBL than
those taught using traditional instruction methods [8], [9].
Students guided by IBL activities are more likely to develop
skills such as identifying problems, formulating hypotheses,
designing experiments, collecting and analyzing data, and
drawing conclusions [10]. Table 1 shows the main differ-
ences between IBL and traditional laboratory classes and
describes the similitudes between these learning methods.
Additionally, the implementation of IBL activities in class
has become easier than before thanks to the new technologies
in laboratories and classrooms [11]; as well as by teaching
in exciting locations such as hospitals, industry, government
offices, museums, etc. Some examples of these IBL activities
could be seen in the implementation of learning outside the
classroom [12] or adding learning dynamics to the efforts of
various institutions, such as global classrooms of instructors
from different latitudes, to reach standardized content on
academic programs [13], [14].
Learning STEM topics through IBL activities has helped

students to develop essential skills such as using laboratory
equipment and technical language, and exploring newways to
apply their knowledge to solve problems (see Table 1); these
skills usually promote students’ interest in investigating on
their own and integrate all their knowledge to solve real-life
problemswhich ultimately helps them to develop their critical
thinking abilities [15]. IBL activities could also motivate stu-
dents to try to understand complex scientific topics through
their own thinking and reasoning, beneficiating them in dif-
ferent ways that are not commonly obtained following other
learning strategies [16], [17]. The role of professors could be
very important during the IBL activities in STEM education
since they can guide experiments that generate questions from
their students (see Table 1). These questions could motivate
students to search for more information about science topics,
aiming to find the answer, helping them to develop their own
knowledge [18].

Professors could use IBL to promote their students’ active
participation in class activities and to emphasize their respon-
sibility in the knowledge development process [19]. During
this process, students should self-direct their learning by
conducting experiments and building prototypes aiming to
explore relations between different variables and hypoth-
esized outcomes [20]. Experimentation is a key element
in knowledge development, and IBL activities could help
students build their confidence to propose new projects by
observing how experts and scientists design and conduct their

experiments in their daily work. In the end, this connec-
tion between experts and students’ experimentation practices
could facilitate students’ understanding of new concepts and
complex science applications [21] or, to go further, even edu-
cate society to develop citizen science by developing complex
thinking on problems of global interest such as sustainable
development goals [22].

The IBL process could be divided into smaller, logically
connected units that facilitate knowledge development [21].
These units are called in different ways depending on the
inquiry approach that educators choose and how these units
are connected during such approach. For example, the 5E
learning cycle model lists five inquiry phases: Engagement,
Exploration, Explanation, Elaboration, and Evaluation [23].
It is essential to highlight that the inquiry cycle is not a pre-
scribed, uniform linear process, and the connections between
these phases may vary depending on the context of each
learning activity. Additionally, a single inquiry phase could
be directly connected to more than one phase (or all the other
phases) depending on the nature of the IBL activity proposed
by the educator [24], [25].

This paper analyses the benefits and challenges of pre-
senting an IBL activity to electronics engineering students
to motivate them to design new technological devices. The
methods of this research describe the IBL activity design and
how it was presented to a group of electronics engineering
students who reported their experience during the IBL pre-
sentation. The data collected was analyzed using mainly a
qualitative approach, and the discussion of the results offers
insight into how electronics engineering students respond
to IBL activities and what needs to be improved in similar
activities to help students get involved in the design of new
technological solutions for the most relevant problems of
their community.

Specifically, the document is structured as follows:
Section II -Methods describes the design and implementation
of the IBL activity using a carbon nanotubes (CNTs)-based
sensor prototype, including the experimental setup and data
collection procedures. Section III - Results presents the
findings from the survey conducted among electronics engi-
neering students, including both qualitative and quantitative
analyses of their responses. Section IV - Discussion interprets
the results in the context of existing literature and explores the
implications for STEM education, particularly in electronics
engineering. Section V - Conclusion summarizes the key
contributions of the study, highlights the potential for further
research, and discusses the broader impact of incorporating
IBL activities in engineering curricula.

II. PURPOSE
The primary aim of this research is to enhance the application
of IBL strategies within electronics engineering education,
specifically through the use of CNTs. Literature posits that
traditional lecture methods may not fully teach the nec-
essary skills for scientific inquiry due to a lack of direct
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TABLE 1. Attributes, similarities and differences of inquiry-based learning activities and laboratory classes.

engagement and practical application, leading to a signifi-
cant disconnect between theoretical instruction and practical
understanding [34], [35], [36]. Furthermore, students who
experience this disconnection between experimentation and
the knowledge acquired during lecture sessions may strug-
gle to express their conceptual knowledge during practical
work and application designs [37].This gap is particularly
pronounced in the context of rapidly evolving fields like elec-
tronics technology, where hands-on experiences are crucial to
understanding complex concepts and systems.

To address these educational challenges, our research study
proposes an innovative IBL activity designed to integrate
theoretical knowledge with practical experimentation using
a CNT-based sensor prototype. This approach is intended to
provide students with a tangible context to apply their theo-
retical knowledge, thereby enhancing their understanding and
encouraging them to design and develop their own prototypes
and technological solutions.

The study is guided by two fundamental research
questions:

• R.Q. 1 What is the effect of IBL activities on electronics
engineering students’ understanding of electronics tech-
nology topics?

• R.Q. 2 What is the effect of IBL activities on electronics
engineering students’ motivation to design and conduct
experiments and science applications?

To address these questions, an IBL activity using a
CNT-based sensor prototype to elucidate the applications
of nanomaterials in various technological fields such as
medicine, agroindustry, robotics, and electronics, which was,
in this case, introduced to electronics engineering students.
The practical component of this activity was designed to
expand students’ understanding of nanomaterials, specifi-
cally their use in developing innovative sensing devices, thus
providing a robust platform for applying theoretical concepts
learned in classroom settings.

Previous studies have shown that guided inquiry can lead
to superior learning outcomes compared to traditional teach-
ing methods. Students engaged in IBL activities are more
likely to develop crucial skills like problem identification,
hypothesis formulation, experimental design, data collection,
and analysis [7], [8], [9]. Therefore, our research is poised to
build upon this foundation by demonstrating practical appli-
cations in electronics engineering education, fostering a more
intuitive and deeper understanding of complex engineering
concepts.
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III. METHODS
A. NANOTUBES SENSOR PROTOTYPE DESIGN
The IBL activity was led by presenting a sensor prototype that
used nanomaterials to detect substances at the nanoscale [38].
The sensor used in the prototype was developed by grad-
uate students using polyvinyl alcohol, a polymer suitable
for hydrogel manufacturing due to its chemical properties.
The hydrogel conductivity and tenacity were enhanced by
adding CNTs [39]. CNTs are rolled-up graphene sheets [40],
and these materials have been used to take advantage of
their unique properties in different technological applications
such as advanced electronics, thermal, elastic, and chemistry,
their exceptional electron mobility, chemical stability, and the
ability to undergo functionalization [41].
The nanotube sensor prototype was integrated into a circuit

powered by two 9V, 1A power sources in series. The core of
this system was the voltage divider circuit (see schematic in
Figure 1), which incorporated fixed resistances and the resis-
tive film based on CNTs. This design allowed quantifying
the sensor’s deformation, providing a valuable measure of its
response.

The signal generated by the nanotube sensor in the volt-
age divider was amplified using an operational amplifier
(LM321, Texas Instruments), enhancing its precision and
utility. Aiming to interpret the data obtained with the sensor
effectively (example in Figure 2), a program using linear
interpolation was implemented. This numerical technique
allowed a precise estimation of the sensor’s deformation,
contributing to a detailed understanding of its behavior. The
protocol to generate the nanotube sensor material is reported
in supplemental materials.

B. IBL ACTIVITY PRESENTATION DESIGN
A presentation was developed by the two graduate stu-
dents who designed the CNTs-based sensor prototype. This
presentation was designed to enrich electronics engineer-
ing students’ understanding of nanosensors applications and
help them to think in more electronics-related applications
for their future projects; as well as to promote a better
understanding of basic knowledge of instrumentation and
control systems topics. The presentation was designed to
last 20 minutes describing the key characteristics of the
CNTs-based sensor prototype, highlighting the high sen-
sitivity, reduced size, rapid response time, low cost, and
multifunctional capability of this type of material [42]. Dur-
ing the presentation, the two graduate students described the
circuit design, emphasizing the interpretation of the results
through the graphical interface.

This approach aims to provide students with a com-
plete insight into the operation of nanosensors and how the
collected information is translated into meaningful data in
real-time. Additionally, students were allowed to interact
with the developed sensor prototype during the presentation,
aiming to provide an interactive environment (see Figure 3)
where they could test the stretchability and consistency of
the hydrogel nanosensors. The presentation was closed with

FIGURE 1. Schematic of the electrical circuit used to capture the
nanotube sensor prototype´s response.

an explanation of additional applications of the nanosen-
sors in different fields such as medicine, environment, and
agriculture, followed by a 15-minute question session where
participants asked questions to solve their doubts and inter-
change ideas with the presenters (see Figure 4). This IBL
activity was designed following the 5E learning cycle model
due to the inductive (empirical/data-driven) approach that
this cycle proposes in its initial phase [23], focusing on the
engagement and exploration part of the inquiry that facili-
tates learning andmotivates students’ involvement in learning
activities and experimentation.

At the end of the presentation, the participants were noti-
fied that the IBL activity was not part of their course grade and
would not be evaluated. However, the presenters asked the
participants to complete an exit survey to analyze their expe-
rience during the IBL activity, help their professors improve
this kind of activity, and promote the inclusion of more IBL
activities in their electronics engineering courses.

C. DATA COLLECTION AND PARTICIPANTS
The presentation was followed by applying a survey with
12 questions developed by the authors of this paper, with
six yes or no questions and six open-ended questions (see
Tables 2 to 8). The survey was designed using the 5E learn-
ing cycle model [23] as a framework, aiming to develop
questions that would enable a thorough qualitative analy-
sis of the participants’ experience during the IBL activity
presentation. The 12-question goal was to develop a bet-
ter understanding of how electronics engineering students
react to IBL activities in the classroom, focusing on the
engagement and exploration part of the inquiry that could
facilitate students’ understanding of electronics concepts and
their motivation to get involved in more experiments and
new prototype designs. The qualitative nature of this research
made the six open-ended questions the main focus of the
data analysis, and these six questions were specially designed
to create a stress-free environment where participants could
freely express their experience and facilitate the interpreta-
tion of the IBL activity’s impact on their learning. A face
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FIGURE 2. Changes in the graphical interface when deforming the sensor.
Top view (images of the prototype view of the resistance sensor made
with CNT. Bottom view (resistance and length vs distance and time).

validation process [43] was conducted using a focus group
with the two graduate students who designed the IBL activity
and two electronics professors. This focus group analyzed
the questions’ clarity and context, aiming to facilitate par-
ticipants’ understanding of each question. The feedback of
this analysis helped to establish the survey’s trustworthiness
as a tool to collect reliable qualitative data for this research
analysis (Creswell).

Data was collected from the 39 participants at the IBL
presentation, with 35 male and three female participants (one
participant chose not to answer the gender question). These
participants were electronics engineering students enrolled in
one of these two courses: machine learning (20 participants)
or instrumentation (18 participants, with one participant
choosing not to answer this question), aged 20 to 26 years
old. Participants from themachine learning course were in the
9th semester, while the participants from the instrumentation
course were in the 6th semester. Students taking these two
courses were selected for the IBL presentation due to their
understanding of basic electronics concepts and experience
solving problems using engineering applications. Students
from upper-level semesters, such as the 6th semester and
beyond, have completed the basic electronics engineering
courses where they have learned the theory of the most
relevant electronics topics, and they understand the basic
applications of these topics. The machine learning and instru-
mentation courses were designed to help students use their
theoretical knowledge to develop new technological solu-
tions using electronic devices such as sensors, nanomaterials,
control systems, and advanced circuits. Therefore, students
from these two courses were prepared to fully understand and
take advantage of the information presented during the IBL
activity.

FIGURE 3. Experimental setup in class on the deformation of the sensor
made with CNT.

D. QUALITATIVE ANALYSIS
Participants’ answers to the open-ended questions were ana-
lyzed using an open coding philosophy to let the codes
emerge from the data. This qualitative analysis helped to
keep the findings as close as possible to participants’ own
words [44]. The final codes coming from the analysis of
each participant were compared side by side, with the aim of
finding similarities that could be coded together into meaning
units. This coding philosophy was similar to the methodology
proposed by the constructivist grounded theory [45], helping
to draw conclusions that appropriately reflected participants’
experiences during the IBL activity.

E. QUANTITATIVE ANALYSIS
The IBL framework proposed by Pedaste et al. [21] was used
as a lens to analyze and compare these meaning units, aiming
to determine how participants’ knowledge was affected by
this learning activity. In the end, findings were presented
using descriptive statistics and graphics [46], and some of
the most relevant participants’ comments were included to
support such findings. Additionally, the data collected with
the six yes or no questions was analyzed using descriptive
statistics; and the responses of students from the 6th and 9th

semesters were compared using the Chi-square and Fisher’s
exact tests when values were under five subjects aiming to
determine possible differences between students across dif-
ferent academic stages.

IV. RESULTS
Participants’ responses to the open-ended questions are pre-
sented in the following tables.

Participants’ responses to the yes and no questions are
presented in the following table.

V. DISCUSSION
The participants asked questions that reflected a deep interest
in the IBL activity and a good understanding of the electronics
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FIGURE 4. Presenters answering participants’ questions.

TABLE 2. Descriptive statistics of the responses to the yes and no survey
questions.

TABLE 3. Q2. Can you explain what you learned or the reasons why you
did not learn anything new?.

topics used in the sensor prototype presentation. The inter-
action between graduate students and the participants during
the question session was friendly, and all the questions were
responded to and discussed until the participants felt that all
aspects of the sensor prototype were apparent. This interac-
tion between participants and presenters suggests that the IBL

TABLE 4. Q4. What did you like or what did you not like about the
experiment?.

TABLE 5. Q6. Can you explain what electronics topic you understand
better after the experiment, or was missing during the experiment to help
you improve your previous knowledge about electronics topics?.

TABLE 6. Q8. Can you explain what advantages or disadvantages you see
in the usage of this type of experiment to explain electronics-related
topics?.

activity was interesting, and it fulfilled the goal of helping
participants learn new topics and understand how to apply
electronic concepts to develop technological solutions [6].
The success of the IBL activity was confirmed with the
analysis of the survey responses, where 94 % of the partic-
ipants reported that they had learned something new during
the presentation (see Q1 in Table 2). The prototype presen-
tation helped participants learn about different topics [17].
Still, most of them (87 %, see Table 3) reported learning
about novel and updated nanosensors with comments such
as ‘‘[I learned about] the applications that electronics could
have, and the instrumentation for data collection. The impor-
tance of multidisciplinary work to develop projects involving
chemistry, programming, and electronics’’.
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TABLE 7. Q10. How this new experiment would be, or what could be the
reason you cannot think of a new experiment using these
electronics-related topics in a different way?.

TABLE 8. Q12. How would you solve such problem, or what kind of
knowledge would you miss to think of a problem’s solution using
electronics-related topics?.

Although 59% of participants reported having a previ-
ous experience learning electronics topics using experiments
or prototype demonstrations as a teaching tool (see Q3 in
Table 2), this CNTs-based sensor prototype presentation
was especially interesting for participants due to the novel
approach presented for electronics topics applications and
the interactive way that presenters showed the prototype
with real-time results [5]. Most of the positive comments
about the IBL learning activity were about how this presen-
tation showed novel applications for solving daily problems
(36 %, see Table 4), with comments like: ‘‘I liked how they
[the presenters] are applying different subjects as electron-
ics, instrumentation, and programming in a practical way
with the goal of solving a real-life problem’’; and how the
prototype presented applied electronics-related topics with
real-time results (28 %, see Table 4), with comments such as:
‘‘I liked that the presentation wasn’t only about the theory.
They showed how it works, with graphical examples of the
resistance measurements of the sensor deformation, and I was
really surprised to see these values return to their original
value when the sensor recovered its original form’’. Only
a few participants reported negative comments about the
prototype presentation technical failures (18%, see Table 4)
or the hydrogel technical disadvantages (20 %, see Table 4)
shown during the IBL activity with comments like: ‘‘I didn’t
like the colors selection for the presentation display because
it was difficult to understand the measurement’’. These find-
ings suggest that this type of IBL activity could be used to

TABLE 9. Analysis of dichotomous questions with the Chi-square test and
Fisher’s exact test in the sixth and ninth semesters.

help engineering students learn new topics and expand their
knowledge about topics that they have previously learned in
class [16]. As presented in Q5 in Table 1, 65% of participants
reported improving their knowledge about electronics-related
topics that they have previously learned in class, showing
that IBL activities could be helpful in reinforcing students’
understanding of topics taught in regular lectures [47]. Par-
ticipants reported that they developed a better understanding
of topics such as sensor design and applications (33 % see
Table 5) and data measuring and programming (31 % see
Table 5) with positive comments such as: ‘‘I understood how
the sensor works very well, and how it sends data about
the resistance measures and the size changes. I understood
its functionality and applications perfectly’’. On the other
hand, 20 % of participants (see Table 5) expressed that more
examples of applications in different areas were missing
during the presentation to help them develop their previous
knowledge about electronics topics and applications, with
comments like: ‘‘A deeper explanation of applications of this
type of sensors in different fields was missing, as well as its
[the sensor] disadvantages’’.
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Even when some participants commented on some neg-
ative aspects of the IBL activity that could be improved
in future presentations, almost all participants (94 %,
see Q7 in Table 2) reported that they would like more
electronics-related courses to use this type of prototype
presentations as a teaching tool to explain new concepts.
Participants pinpointed that IBL activities could help them
to understand concepts that could be confusing if they are
taught only with theory [10], [20], with 54% of participants
(see Table 6) expressing comments such as: ‘‘the practical
examples are more interesting. I think that seeing the devel-
opment of this type of experiment reinforces the theoretical
knowledge as we understand how it [the sensor] works and
the applications that it might have’’. Furthermore, 26 % of
participants (see Table 6) reported that this prototype demon-
stration motivated them to think about the design of other
technological solutions using electronic applications, with
comments like: ‘‘It [the prototype presentation]motivates you
to imagine new experiments since many of the things we
do in class are very common and repetitive’’. These find-
ings are essential because electronics engineering students’
understanding of basic electronics concepts is fundamental
to the development of new technological solutions and appli-
cations, and improving engineering students’ motivation to
think and develop technological designs is a paramount goal
of STEM educators around the world [1]. Including more
IBL activities in their courses could help electronics engineer-
ing educators get their students involved in more prototype
designs and build a learning environment where students
could develop their own knowledge through experimentation
and self-conducted research [18].

After the IBL activity, 67 % of the participants (see Q9
in Table 2) reported that they would be able to design and
develop a different prototype applying similar concepts to
the ones used in the presentation. Approximately half of the
participants (44 %, see Table 7) reported that their main idea
to design their prototype would be using similar nanosen-
sors and measuring concepts used during the presentation to
design a new application in a different field, with comments
such as: ‘‘it [the new prototype] could be about electronics
applications in screens. In sports aiming to improve the shoes,
measuring its deformation or efficiency’’. These findings
suggest that having more IBL activities in electronics engi-
neering courses could help students develop their interest
in designing more technological solutions to solve global
problems [17], since 65% of participants (see Q11 in Table 2)
stated that they feel confident that they can think of industrial
problems that could be solved by designing new technologies
that apply electronics-related topics. Most of the participants’
ideas to solve industrial issues were based on the topics
presented in the IBL activity, with 28 % of participants (see
Table 8) reporting that they would use sensors’ applications
in different industries; and 20 % of participants (see Table 8)
stating that they would analyze the wear and movement of
industrial materials with comments like: ‘‘It could be an
experiment with different sensors’ sizes to use it in bigger

things, as measurements of metallic structures to evaluate
how these structures are affected by the heat’’.

On the other hand, most of the participants’ negative
responses suggested that the biggest challenge in developing
technological solutions to industrial problems was that they
lacked an understanding of the current problems that indus-
tries are facing [12]. This was a recurrent response, with 26%
of the participants (see Table 8) reporting comments such
as: ‘‘At the beginning, what is missing is facing the industry
problems and the understanding of the industry to seek ways
to use the sensors [in technological solutions]’’. In addition to
the lack of knowledge of the current industry needs, 20 % of
the participants (see Table 7) reported that they feel that they
are missing a better understanding of the theory to be able to
design new technological solutions using electronics applica-
tions, with comments like: ‘‘I don’t have enough knowledge
about these devices [sensors] and the theory to imagine more
applications’’; and 15 % of participants (see Table 6) men-
tioned that the prototype and experimentation process could
be costly and time-consuming as the main reason to avoid this
type of activities in their classes and free time, with comments
such as: ‘‘I could definitively develop a project where chem-
istry and electronics engineering work together, but I would
face the challenge of lacking chemistry materials and lab
resources’’. Electronics engineering professors and educators
should try to facilitate their students’ access to laboratories
where they can practice their theoretical knowledge; this way,
students can design and build prototypes that may develop
into technological solutions for global problems. In addi-
tion, electronics engineering professors need to include more
industrial visits [12] and interactions with industry workers
and owners that may facilitate the connection with real-life
industry examples in their courses’ designs, aiming to help
their students understand the current industrial needs. These
industrial connections would motivate students to think of
solutions using electronic applications, as well as new ideas
to develop prototypes and technological solutions that may
help their society’s development.

The quantitative analysis comparing the data collected
from electronics engineering students in the sixth and ninth
semesters provides insightful feedback on the impact of the
IBL activity implemented through a hands-on experiment
involving CNTs. The data analysis showed high engagement
and perceived educational value among the students in both
semesters, with no statistically significant differences in the
responses between the two groups. This uniformity suggests
that IBL activities, particularly when involving cutting-edge
technologies like CNTs, are equally effective across different
academic stages fostering a deeper understanding of electron-
ics concepts and enhancing student motivation.
Learning New Concepts: Both sixth (94.7%) and ninth

(100%) semester students reported learning something new
through the experiment presentation (see Table 9), indicating
the effectiveness of IBL activities in introducing novel sci-
entific concepts and applications. This outcome aligns with
existing literature advocating for IBL’s role in enhancing
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conceptual understanding and engagement in STEM
education [2].
Prior Experience With Experimental Learning: There was

a noticeable difference, though not statistically significant
(p = 0.07, see Table 9), in prior exposure to experimental
learning tools between the two groups. A higher proportion
of ninth-semester students (37.84%) reported previous expe-
rience compared to sixth-semester students (21.62%). This
variation may reflect curriculum differences or an accumula-
tion of experiences as students progress in their studies.
Enhancement of Knowledge: Both groups reported an

improvement in their understanding of electronics-related
topics, with 36.84% of sixth-semester and 26.32% of
ninth-semester students acknowledging this benefit (see
Table 9). The lack of a statistically significant difference (p=

0.179) underscores the role of IBL activities in reinforcingex-
istingknowledge irrespective of the student’s academic level.
Preference for IBL Methods: The strong preference for

more electronics-related courses using experiments as a
teaching tool (97.4% in the sixth semester and 100% in the
ninth semester, see Table 9) emphasizes the value students
place on practical, hands-on learning approaches. This uni-
versal appeal highlights the potential for broader adoption of
IBL strategies in the curriculum.
Application of Learned Concepts:When asked about their

ability to design and develop new experiments applying
the learned concepts in a different way, about one-third of
students from each group felt capable (see Table 9), demon-
strating the IBL’s effectiveness in fostering creativity and
applied thinking in engineering contexts.
Solving Real-world Problems:Finally, more ninth-semester

students (39.47%) than sixth-semester students (26.32%)
felt confident in applying electronics-related topics to solve
real-world problems (see Table 9), though this difference was
not statistically significant (p = 0.87). This suggests that
as students advance, they might perceive a greater ability
to apply their knowledge practically, potentially due to the
cumulative effect of their education.

The inferential analysis carried out with the dichotomous
questions showed similar conclusions to the ones observed
during the qualitative analysis. These findings suggest that the
IBL activity was an effective educational strategy in electron-
ics engineering across different academic stages. Both sixth
and ninth-semester students benefited from the enhanced
understanding of complex topics, improved engagement,
and increased motivation to apply knowledge to real-world
problems. These outcomes support the continued use and
expansion of IBL methodologies in STEM education [2],
[11], [12], advocating for its integration at various levels
of the curriculum to better prepare students for profes-
sional challenges in the field of electronics engineering. This
research study contributes to the growing body of evidence
that hands-on and inquiry-based educational practices can
significantly enhance the learning experience in engineering
education, promoting deeper learning and greater student
involvement.

VI. CONCLUSION
The IBL activity helped electronics engineering students to
understand new topics and expand their understanding of the
electronics-related topics that they had previously learned in
their classes. These findings suggest that more IBL activities
should be included in electronics engineering courses. This
way, electronics engineering students could observe the func-
tioning of prototypes and interact with experiments and lab-
oratory equipment, aiming to develop their abilities to design
and build technological applications. Additionally, having
more IBL activities in class could motivate students to get
involved in more self-directed prototype designs and experi-
ments, which ultimately would have a positive impact on their
relationship with the industry and its growing need for more
technological solutions to the orb’s most relevant problems.
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