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ABSTRACT
Many engineering courses primarily emphasize theoretical instruction, which not only impedes the development of students'

practical skills but also diminishes their engagement. Various educational reforms have been introduced to enhance the real‐
world applicability and interactive nature of the classroom. However, these reforms often impose additional time and cognitive

burdens on students. This study explores an approach to enhance teaching effectiveness and student engagement by combining

extended knowledge with interactive simulation software. Specifically, we incorporate emerging photoacoustic computed

tomography (PACT) technology into a university‐level Signals and Systems course as a research case. The potential of this

educational approach was assessed using Likert scale surveys, which indicated a promising improvement in students' under-

standing of complex concepts when utilizing interactive simulation software. Additionally, positive feedback from students

further supports these findings. This study provides a comprehensive account of the implementation and potential advantages

of these educational innovations, offering valuable insights for future developments.

1 | Introduction

There is a noticeable gap between engineering education and
labor market demands, resulting in several social and educa-
tional challenges. Engineering education at many universities
has not kept pace with the evolving skills required in the
workplace, leaving graduates unprepared for employment
[1–3]. A key factor in these challenges is the traditional edu-
cational model in engineering, which often prioritizes theoret-
ical knowledge and foundational sciences at the expense
of practical application, hands‐on experience, and student
engagement.

Accordingly, numerous educational reforms have been pro-
posed to better connect higher education and market demands,
such as the flipped classroom model [4], laboratory‐based
learning (LBL) [5], problem‐based learning (PBL) [6], and
industry–university collaboration (IUC) [7]. Among these, LBL
has been widely adopted in many universities as an effective
approach, as it allows students to grasp complex theoretical
concepts more intuitively through experiments [5]. Moreover,
advancements in computer technology and the emergence of
simulation software have further facilitated the integration of
classroom learning with laboratory work. Simulation software
addresses significant challenges such as high laboratory setup
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costs, maintenance difficulties, safety risks for students,
and location constraints, making LBL more accessible and
efficient [8, 9]. Simulation tools have been a subject of research
since the 1990s [10], with their widespread application initially
in medical education [11–13]. Over the past two decades, the
use of simulation tools in engineering education has also been
extensively explored. Pejuan, Lévesque, and Luo have employed
simulation tools for audio [14, 15] or biomedical signal pro-
cessing [16], facilitating students' learning of complex course
concepts. Meanwhile, Garcia and Vatansever integrated simu-
lation tools with networking technologies, achieving notable
teaching results in university‐level engineering courses [17, 18].
Corral Abad further advanced these tools by developing mobile‐
accessible simulations, enhancing their portability and accessi-
bility [19, 20]. Zhao, on the other hand, has transformed simu-
lation tools into educational games, effectively increasing student
engagement and interest [21]. Additionally, simulation tools have
proven effective across various engineering disciplines, such as
optics [22], power systems [23], electrical machines [24], and
mechanical engineering [25]. However, some studies have high-
lighted potential downsides, suggesting that simulation tools could
inadvertently increase cognitive load for students [9, 22, 26].
Therefore, the development of simulation tools needs to be care-
fully streamlined to strike a balance between providing useful
content and avoiding overwhelming students [27].

Our study explores the feasibility of using simulation software
to integrate cutting‐edge scientific knowledge into university
classrooms. The primary objectives of the research are twofold:
first, to help students deepen their understanding of classroom
concepts using simulation software; second, to enable students
to explore advanced scientific developments and understand the
application of classroom knowledge in the real world. Our study
features three key characteristics: (1) relevance, ensuring that
the extended content and technologies are directly applicable to
classroom concepts; (2) low burden, simplifying the extended
content to make it manageable; and (3) universality, ensuring
that the approach is accessible to students with diverse educa-
tional backgrounds.

To investigate these objectives, we incorporate the framework
of photoacoustic computed tomography (PACT) technology
into a university‐level Signals and Systems course. Specifically,
we developed simulation software that aligns closely with the
course content, designed to reduce cognitive load and simplify
the learning process. It helps alleviate the burden of complex
concepts by presenting them in a student‐friendly way [28]. The
simulation software uses graphical interfaces to present com-
plex scientific parameters and engineering principles, allowing
students to learn through hands‐on experience [29]. Addition-
ally, the software allows students to work at their own pace,
fostering individual learning.

To explore the potential impact of this educational reform, we
conducted a survey to assess students' experiences with the
interactive software, their willingness to embrace future
teaching reforms, and their learning backgrounds. The results,
analyzed using a Likert scale, showed promising improvements
in students' understanding of complex concepts. Additionally,
students reported high satisfaction with the simulation tools
and the teaching approach. This positive feedback supports the

broader implementation of this method, highlighting its
potential to improve educational outcomes and increase student
engagement. Overall, our research provides both a practical
methodology and illustrative case studies to advance the edu-
cation reform of Signals and Systems.

The remainder of this paper is structured as follows. Section 2
provides a comprehensive review of the Signals and Systems
curriculum, along with an in‐depth description of PACT,
highlighting its relevance to our curriculum. In Section 3, we
elaborate on the design and functionality of our interactive
simulation software from various perspectives. Section 4 intro-
duces our specific research methods, assessment techniques,
and ultimate research outcomes. Section 5 discusses the limi-
tations of this study. Finally, in Section 6, we summarize and
discuss the findings of this study and outline future directions.

2 | Course Framework and PACT System

2.1 | Signals and Systems

Signals and Systems is a foundational and important course for
undergraduates who pursue degrees in information science or
attend related engineering programs. This course helps students
understand the analytical tools used to study signals and linear
time‐invariant systems. The course also connects this theoreti-
cal knowledge to practical applications, such as audio and
image compression, communication systems, and medical sig-
nal analysis. The textbook Signals and Systems, written by ex-
pert Oppenheim, provides mathematical proofs for many of the
abstract concepts in the course, and it is widely used in uni-
versities [30]. In this course, the focus is primarily on teaching
theory through lectures [31]. While this approach is effective for
conveying knowledge, it does not fully engage students or help
them build an intuitive understanding of signal processing.

In this context, educators struggle to develop a teaching model
that incorporates practical experiments into the educational
framework, such as integrating simple mechanical and circuit
models into theoretical and mathematical courses. These ap-
proaches significantly increase students' comprehension of theo-
retical knowledge while simultaneously igniting their enthusiasm
for real‐world applications [32]. In our research, building on our
prior experience, we integrate PACT medical signal processing
technologies as a practical case study within our curriculum. To
further simplify the learning process and enhance the practicality
of the course, we adopt simulation software specifically designed
to align with course content and reduce the cognitive load. This
software will be detailed in Section 3.

2.2 | PACT

PACT is a promising biomedical imaging technique that has
achieved significant advancements and garnered widespread
attention over the past two decades. PACT combines the ad-
vantages of optical and acoustic modalities to offer high‐contrast
imaging and deep tissue penetration of ultrasound [13]. These
advancements make PACT particularly valuable for various
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biomedical applications because it enables the detailed visualiza-
tion of tissue structures and aids in medical diagnoses. The core
principle of PACT is the photoacoustic (PA) effect reported by
Alexander Graham Bell [33]. When a target is illuminated with
narrow pulse laser beams, the energy from the pulses is absorbed
by chromophores in the biological tissues, causing rapid thermal
expansion and subsequent generation of ultrasound waves. These
ultrasound signals are detected and recorded by detectors and then
processed by specific imaging algorithms to generate images that
can depict the energy absorption distribution within the tissues.
The entire PACT process described above is shown in Figure 1.

The process of generating sound waves via the PA effect and
reconstructing a PA image includes several key stages, as shown
in Figure 2. First, an acoustic signal is produced and travels
through space according to the wave equation [34]. This
acoustic signal is subsequently captured by a piezoelectric
detector, which converts it into an analog electrical signal.
Owing to the inherent bandwidth limitations of the detector
and the analog front‐end of the signal transmission system, the
received electrical signal essentially represents an analog‐
filtered version of the original acoustic signal. Second, the
analog electrical signal is subjected to analog‐to‐digital con-
version, transforming it into a digital format that can be pro-
cessed and stored by a computer. The digital signal is then

further filtered through digital filtering to yield a processed
digital signal suitable for the next stage. Finally, this processed
digital signal is used in a reconstruction algorithm to create
the PA image, which may be further refined through post‐
processing. The entire process is illustrated in Figure 2.

2.3 | Connections Between the Course and PACT

As previously mentioned, this course serves as a foundation for
analyzing medical signals and other practical engineering tasks,
thereby rendering the concepts of Signals and Systems theory
highly applicable within PACT. By acknowledging the pivotal
importance of these concepts within PACT, we have integrated
them across various stages. However, considering the potential
for complex knowledge to overwhelm students and reduce their
enthusiasm [35], we adopted a systematic approach by inte-
grating relevant concepts into the corresponding stages of PACT
while presenting unrelated or intricate topics as supplementary
information in a simplified manner.

In PACT, the course has shown significant application value as
follows: (1) spatial propagation of acoustic signals corresponds to
Fourier transform‐solving system problems; (2) transformation from
acoustic signals to electrical signals via a detector corresponds to a
continuous‐time Fourier transform (CTFT) and a continuous‐time
filter (CTF); (3) analog‐to‐digital conversion corresponds to sam-
pling; and (4) signal post‐processing corresponds to a discrete‐time
Fourier transform (DTFT) and a discrete‐time filter (DTF), as
shown in Figure 2. The details of these stages are illustrated in
Section 3. Afterward, students can convert original PA signals into
reconstructed images via filtered back projection (FBP) [36], pro-
viding an opportunity for them to intuitively observe the applica-
tions of Signals and Systems in the field of PACT. These processes
can be completed through interactive simulation software.

3 | Interactive Simulation Software

3.1 | Overview of the Software

To incorporate PACT principles and techniques into the Signals
and Systems course in a student‐friendly manner, we developed a
user‐friendly interactive simulation software called PA Imaging &
Signals and Systems (PAISS). PAISS is specifically designed for
students who have completed or are currently enrolled in the
course. It provides an introduction to PACT, which comprises four
main components, as depicted in Figure 3: signal generation
via PA effect, analog filtering, sampling, and digital filtering. This
introduction aims to provide students with a clear understanding
of the fundamental processes involved in PACT and the specific
challenges they will address throughout the course. Its structure
seamlessly integrates theory with practice, enabling students to
apply their knowledge within a practical context.

3.2 | PA Signal Generation

The first part focuses on the generation of acoustic signals,
emphasizing the PA effect and the propagation of acoustic
signals in space, which constitute the forward process of PA.

FIGURE 1 | Schematic illustrating the imaging process of PACT.

ADC, analog to digital converter; DAQ, data acquisition.
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FIGURE 2 | From left to right are the knowledge points of Signals and Systems that are related to PACT, the signal processing workflow of PACT,

and the signals corresponding to each step in the PACT signal processing workflow. AAF, anti‐aliasing filter; ADC, analog to digital converter.

FIGURE 3 | Homepage of the interactive simulation software PAISS.

4 of 12 Computer Applications in Engineering Education, 2025
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To effectively model this forward process, we solve the wave
equation using Fourier transforms and Green's functions [37].
To simplify the concepts, we begin with the equation for one‐
dimensional string vibration and use animations to help stu-
dents visualize how waves propagate along a string. We then
extend this idea to explain how sound waves propagate in two‐
dimensional space, allowing students to focus on how PA
signals are generated and detected, as shown in Figure 4.

PAISS provides two choices of target sources for PA imaging. By
clicking the “Start Generating Signal” button, students can
observe the generation and propagation of PA signals in a two‐
dimensional space. This process is displayed in the simulation
window, and the simulated signals are recorded. Note that these
signals are based on a highly sampled simulation and do not
represent actual analog signals.

3.3 | Analog Filtering

Analog filtering serves as a focal point of Signals and Systems. In
PACT, this section focuses on the adverse effects of detectors.
The bandwidth of a detector limits its ability to accurately
record voltage signals, causing discrepancies between the
recorded and actual signals [38]. Moreover, the size of the
imaging target determines the center frequency of its PA signal.
On the basis of previous research [39], the center frequency of
the PA signal from a sphere can be estimated as follows:

f
v

a
=
3c (1)

where v is the speed of sound in the medium and a is the radius
of the sphere.

Selecting the right detector is crucial for high‐quality PACT
imaging. The detector's center frequency and bandwidth should

match the size of the imaging target. If the detector's center
frequency is too low, it will miss the high‐frequency compo-
nents of the signal, ultimately leading to blurred image
boundaries as shown in Figure 6a. Conversely, if the detector's
center frequency is too high, it will miss the low‐frequency
components of the signal, which correspond to the main body
of the image, resulting in an image with only edges remaining
and a poor signal‐to‐noise ratio, as shown in Figure 6b [38].

In this section, students will use analog filters to observe how
the filter's center frequency affects both the time‐domain signals
and their corresponding spectra, as shown in Figure 5. Re-
constructed images are provided to help students understand
how analog filters impact final image quality. Students will
need to choose the appropriate filter to achieve the best balance
between time‐domain signals and image quality. This hands‐on
approach helps students understand the vital importance of
analog filtering in PACT.

3.4 | Sampling

Sampling is the process of converting a continuous signal into a
discrete signal. Specifically, it involves measuring the amplitude
of the continuous signal at fixed time intervals to produce a
series of discrete values. These values represent the state of the
original signal at different points in time. Sampling allows us to
use digital systems to process and store these signals. By
choosing an appropriate sampling rate, we can accurately
reconstruct the original signal according to the Nyquist sam-
pling theorem:

≥f f2s max (2)

where fs represents the sampling rate and fmax represents the
maximum component of the signal spectrum. If the signal
contains frequency components higher than half the sampling

FIGURE 4 | Schematic of photoacoustic signal generation. (a) Schematic of one‐dimensional string vibration. (b) Schematic of two‐dimensional

wave propagation. (c) Fourier solution process of the one‐dimensional vibration equation.
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rate, it will cause spectral aliasing and waveform distortion.
This distortion is an irreversible corruption of the spectrum and
is nearly impossible to rectify through post‐processing. How-
ever, to overcome the limitations of traditional sampling theory,
sub‐Nyquist sampling techniques have been introduced [40].
Notable techniques include interleaved sampling [41] and
bandpass sampling [42], which allow for sampling at lower
rates without violating the Nyquist criterion.

In signal transmission and reception instruments, the electrical
signals collected by detectors are processed through an analog
front end before sampling. A key component of the analog front
end is the anti‐aliasing filter, which is inherently a low‐pass
filter whose cutoff frequency is a critically important parameter
in PA signal processing. For simplicity in teaching, we exclude
other functions of the analog front‐end, such as low‐noise am-
plifiers and DC‐blocking filters. However, it is essential that the
anti‐aliasing filter's cutoff frequency be set correctly to avoid
introducing artifacts into the PA image.

For the sampling section, graphical interfaces provide
options for selecting the cutoff frequency and sampling rates,
as shown in Figure 7a. Incorrect settings in these parameters
can result in spectral aliasing and noise‐like artifacts. For
example, as shown in Figure 7b, when both the sampling
frequency and the cutoff frequency of the anti‐aliasing filter
are set at 20 MHz, this configuration violates the Nyquist
sampling theorem, resulting in spectral aliasing. Conversely,
setting the cutoff frequency to 10 MHz avoids this issue.
Consequently, when aliasing is pronounced, ringing artifacts
appear in the PA image, as depicted in Figure 7c,d. This
hands‐on experience helps students realize the importance of
accurate parameter settings in PACT.

3.5 | Digital Filtering

Digital filtering is a key process for manipulating or altering the
characteristics of a digital signal, typically to enhance certain
aspects of the signal or to remove unwanted components. This
is accomplished by passing the digital signal through a mathe-
matical algorithm that selectively modifies its content on the
basis of specific criteria. Current digital filters can be roughly
categorized into four types: low‐pass filter permits the trans-
mission of low‐frequency signals while attenuating high‐
frequency signals. Conversely, the high‐pass filter allows for the
passage of high‐frequency signals while suppressing low‐
frequency signals. Bandpass and band‐rejection filters are em-
ployed to selectively permit or obstruct a specific range of
frequencies.

In PACT, digital filters are essential for processing sampled
signals before image reconstruction [43]. These filters improve
signal quality by removing noise and unwanted interference,
which are inevitably introduced during signal acquisition from
environmental and equipment sources. Additionally, digital
filters help mitigate signal aliasing by isolating specific fre-
quency bands, thus extracting the desired components of the
signal effectively. This preprocessing enhances the clarity and
quality of the reconstructed images, making digital filtering a
crucial step in signal preparation.

In this course, students examine both analog and digital filters,
particularly infinite impulse response (IIR) filters, as detailed in
Section 3. Analog filters are based on physical components such
as resistors and capacitors, which leads to complexity and sus-
ceptibility to environmental factors. In contrast, digital filters
utilize computer algorithms allowing for precise and easy

FIGURE 5 | The analog filtering section of PAISS.
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modifications to filter coefficients. This approach equips stu-
dents with the ability to tailor filters effectively, enhancing their
signal processing capabilities. By delving into these techniques,
the course provides a thorough understanding of optimizing
signal quality across the processing chain.

4 | Student Engagement and Assessment

4.1 | Student Engagement

Between 2022 and 2024, we conducted educational research at
the University of Science and Technology of China and chose
the Signals and Systems at the School of Engineering Science as
the experimental course. During this period, the course was
consistently taught by the same primary instructor, with sup-
port from a regular teaching assistant. In the semester, students
spent the first 8 weeks learning the course Signals and Systems,
including signal‐time frequency analysis and Fourier trans-
forms, as outlined in Section 2.3. In Week 9, a 20–30min sci-
entific lecture was organized to introduce PACT and its
applications. At the conclusion of the lecture, we presented the
PAISS, along with accompanying documentation that explains
its features and usage instructions. Students were informed that
participation in using the simulation software is voluntary, and
they had the option to engage with the tool and provide

feedback through a survey. Throughout this period, we offered
online support to address any questions or issues that arise as
students interacted with the software. This project continued
until Week 15, when the course concluded and the surveys
were collected.

We chose voluntary participation primarily because of the
variation in students' understanding of the course content, en-
abling them to dynamically decide whether to explore these
supplementary materials on the basis of their circumstances.
Moreover, mandatory learning can elicit resistance and anxiety
among certain students, whereas voluntary participation tends
to yield assessment results that more accurately reflect students'
genuine opinions and learning outcomes [44]. To evaluate this
study comprehensively, we incorporated a survey questionnaire
link after the software, which necessitated students' responses
to several survey questions. These questionnaire results served
as the foundation for the assessment.

The students in the project primarily consisted of juniors and
sophomores enrolled in undergraduate programs, predomi-
nantly aged 19–21. Approximately 90% of the students
possessed backgrounds in mechanical engineering and instru-
mentation, whereas 10% hailed from information science, with
a few individuals representing physics and computer science
fields. Throughout the project duration, a total of 57 students

FIGURE 6 | After passing through two filters with different center frequencies, the PA signal undergoes distortions that impact the resulting

image. (a) When the center frequency of the detector is low, the image edges become blurred. (b) When the center frequency is high, the interior of

the image becomes hollow.
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actively participated in the course, 25 of whom voluntarily en-
gaged with supplementary learning materials and completed
the questionnaire.

This study complies with China's Academic Standards for
Humanities and Social Sciences Research in Higher Education
and the Ethical Review Measures for Life Sciences and Medical
Research Involving Humans. Before the commencement of the
project, our research was filed with the Academic Affairs Office
of the school and the Anhui Provincial Department of
Education, receiving official approval. As a minimal‐risk,
non‐interventional survey, all participants provided written in-
formed consent and retained the right to withdraw at any
stage. Moreover, raw data remained accessible only to the
principal investigator and were stored in password‐protected
institutional servers.

4.2 | Assessment Method

We devised a questionnaire survey that required students en-
rolled in software learning programs to complete and provide
feedback on their true assessments. Our questionnaire is de-
veloped based on references [21] and tailored to align with the
objectives and specific characteristics of our teaching research.

As previously mentioned, our aim is to create software that
enables students to more easily grasp the principles of signals
and systems, while also gaining some understanding of PACT.
A preliminary pilot test was conducted with a group of students
to ensure the clarity and validity of the questions. Conse-
quently, the questionnaire encompasses three fundamental as-
pects: interactive software usage experience, willingness for
future teaching reforms, and students' learning background.
The details of this questionnaire are shown in Table 1.

• The aspect of interactive software usage experience aims to
gather direct assessments from students regarding our teach-
ing reform along five key dimensions: interface design, ease of
use, content relevance, and teaching effectiveness.

• The aspect of willingness for future teaching reforms aims
to investigate students' inclination toward continued utili-
zation of similar instructional methods in the Signals and
Systems course, as well as the potential for extending this

FIGURE 7 | The sampling section of PAISS. (a) Interactive inter-

face. (b) Analog signal spectrum, digital signal spectrum (aliased), and

digital signal spectrum (normal). (c) Image reconstructed with spec-

trum aliasing. (d) Image reconstructed without spectrum aliasing.

TABLE 1 | The questionnaire used to assess the effectiveness of the

educational reform.

Questions about user experience of the interactive
software

1. Through the study of simulation software, you have a
preliminary understanding of PACT.

2. Please rate the simulation software: The interface design is
clear and easy to understand.

3. Please rate the simulation software: The difficulty level is
appropriate.

4. Please rate the simulation software: The connection with
Signals and Systems.

5. Please rate the simulation software: Explain PACT to me.

Questions about willingness for future teaching
reforms

6. Do you think it would be beneficial to continue including
the following topics in future Signals and Systems classes:
Medical signal processing?

7. Do you think it would be beneficial to continue including
the following topics in future Signals and Systems classes:
More supplementary and popular science content?

8. How receptive are you to the following types of university
classroom reform models: Expand knowledge?

9. How receptive are you to the following types of university
classroom reform models: Combining theoretical classes
with lab or simulation experiments?

10. How receptive are you to the following types of
university classroom reform models: Problem‐based
learning?

Question about students' learning background

11. Before taking the Signals and Systems course, which of
the following similar learning methods have you
participated in during high school or university? Learning
through software and programming, or learning with
supplementary or only traditional classroom learning?

8 of 12 Computer Applications in Engineering Education, 2025
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pedagogical model to other courses. The outcomes of this
aspect indirectly reflect the effectiveness, acceptance, and
endorsement of students regarding the implemented
teaching reforms.

• The aspect of students' learning background contains a
single question, inquiring whether students had previously
participated in any other educational reform initiatives
before this course. Our objective is to ensure that all stu-
dents can effectively engage in our project, irrespective of
their educational background.

The initial 10 questions are assessed via a Likert scale, while the
final question is presented in a multiple‐choice format. The
Likert scale offers five response options: strongly disagree (SD),
disagree (D), neutral (N), agree (A), and strongly agree (SA). To
facilitate statistical analysis, responses are scored on a scale of
1–5, corresponding to the SD to the SA, respectively. Through
this questionnaire, we aim to obtain comprehensive feedback
from students regarding the instructional methods employed,
thereby facilitating further refinement and enhancement of our
pedagogical strategies.

4.3 | Results of the Assessment

The results of the questionnaire regarding the usage experience
of the interactive simulation software are presented in Figure 8
and Table 2. The data provides important insights into student
perceptions of the software, focusing on its potential to enhance
understanding of PACT, the clarity of the interface, the
appropriateness of its difficulty level, and its relevance to the
Signals and Systems course.

• Q1: A majority of students indicated that the software
contributed positively to their understanding of PACT. The
mean score of 4.16 (STD: 0.90) suggests that most students
found the tool useful for comprehending complex concepts.

Although the results are promising, the absence of a control
group means we cannot definitively claim that the software
had a direct effect on learning outcomes. Nevertheless, the
positive responses from students point to the potential of
the software in supporting the learning of PACT.

• Q2: The clarity and usability of the software interface were
well‐received, with a mean score of 4.36 (STD: 0.81). The
relatively low standard deviation indicates that most stu-
dents found the interface intuitive and easy to use. This
feedback suggests that the interface design is conducive to
student engagement, although further refinements might
be needed to improve usability based on student feedback.

• Q3: The difficulty level of the software was considered
appropriate by the students, with a mean score of 4.40
(STD: 0.82). This finding suggests that the software struck a
suitable balance between being challenging and accessible
to students.

• Q4: The software's relevance to the Signals and Systems
course was highly appreciated, with a mean score of 4.52
(STD: 0.71). This indicates that students felt the software
aligned well with the course content, helping to reinforce
the theoretical concepts taught in class. The low standard
deviation here reflects a strong consensus among students,

FIGURE 8 | Results of the questionnaire concerning user experience of the proposed interactive software.

TABLE 2 | The questionnaire results of interactive software user

experience.

Question no. Meana STD

Q1 4.16 0.90

Q2 4.36 0.81

Q3 4.40 0.82

Q4 4.52 0.71

Q5 4.16 0.99

aThe mean score is between 1 and 5.
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reinforcing the idea that the tool effectively supports the
curriculum.

• Q5: Regarding the impact of the software on students' un-
derstanding of PACT, students provided a positive
response, with a mean score of 4.16 (STD: 0.99). While the
high score suggests that the software was helpful in en-
hancing comprehension, the higher standard deviation
indicates that the degree of improvement may vary between
students. This highlights the need for further investigation
into how different student profiles engage with the
software.

Figure 9 and Table 3 present the results from the section of the
questionnaire concerning students' openness to future teaching
reforms. These findings suggest a promising interest in further
integrating new topics and innovative teaching methods into
the curriculum.

• Q6 and Q7: students expressed strong interest in continuing
the inclusion of topics like medical signal processing
(Mean: 4.68, STD: 0.56) and incorporating more supple-
mentary and popular science content (Mean: 4.52, STD:
0.71). This suggests that students see value in expanding the
scope of the course to include real‐world applications and
interdisciplinary connections, which could enhance the
overall learning experience.

• Q8–Q10: Students demonstrated a positive attitude toward
teaching models that encourage active learning. They fa-
vored approaches that expand knowledge (Mean: 4.60, STD:
0.50) and those that combine theory with hands‐on ex-
periences, such as lab or simulation‐based learning (Mean:
4.44, STD: 0.58). The PBL approach also received favorable
feedback (Mean: 4.64, STD: 0.49), suggesting that students
are interested in more engaging and practical learning
methods. These results indicate that students are open to
innovations in teaching, particularly those that offer prac-
tical applications of theoretical concepts.

As depicted in Figure 10, a significant proportion of students
(36%) have experienced only traditional classroom teaching
thus far. However, a considerable portion (28%) has been ex-
posed to both software‐based learning and supplementary ma-
terials. The findings reveal that even students who have
exclusively encountered traditional classroom teaching exhibit
enthusiasm comparable to that of their peers with diverse
learning experiences. This suggests that our proposed teaching
reforms are well‐received across different student groups.

The results from the questionnaire indicate a promising level of
student satisfaction with the interactive simulation software.
The positive feedback, particularly regarding the software's
effectiveness in supporting learning, its usability, and its
alignment with the course content, suggests that this tool could
be a valuable addition to the curriculum. Furthermore, the
students' interest in future teaching reforms, including the
integration of medical signal processing and more interactive
learning models, points to a growing desire for more dynamic
and applied teaching approaches. However, it is important to
note that these results are exploratory, and further research is
needed to assess the long‐term impact of the software and
teaching reforms. The study lays a foundation for future
investigations into how such tools can be expanded and refined
to improve learning outcomes in engineering education.

FIGURE 9 | Results of the questionnaire concerning willingness for future teaching reforms.

TABLE 3 | The questionnaire results concerning the willingness

for future teaching reforms.

Question no. Meana STD

Q6 4.68 0.56

Q7 4.52 0.71

Q8 4.60 0.50

Q9 4.44 0.58

Q10 4.64 0.49

aThe mean score is between 1 and 5.
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5 | Limitations

Despite the valuable insights provided by this study, several
limitations should be acknowledged. First, the small sample
size (N= 25) may limit the generalizability of the findings, as
the data collected were insufficient to fully capture the diversity
of student responses. This constraint is partly due to the opti-
mizations of the teaching reform over 3 years, which resulted in
limited comparable data from the previous survey. Larger‐scale
implementations involving more students are needed to vali-
date the results.

Second, the absence of a control group, such as parallel classes
not participating in the teaching reform, makes it difficult to
fully isolate the effects of the intervention from other con-
founding factors. Future research could incorporate control
groups and adopt more rigorous survey methods to improve the
validity and reliability of the findings.

Finally, the findings are highly context‐specific, being tied to a
particular course and teaching tool. This may limit their
applicability to other disciplines or instructional methods.
Future studies could consider expanding the scope by designing
similar simulation software for other courses and conducting
comparative evaluations to assess its broader effectiveness.

These limitations should not undermine the value of the study
but rather serve as opportunities for further research to refine
and expand its contributions to teaching innovations.

6 | Conclusion

This study discusses the challenges encountered by current
educational reforms aimed at improving teaching quality and
practical skills, noting that these reforms have significantly
increased the time cost and learning burden on students. In our
research, we propose a solution by leveraging a university‐level
Signals and Systems course as a foundational platform,

integrating the framework of PACT technology. We reformed
the course by incorporating extended knowledge and innovative
pedagogical tools, such as user‐friendly and interactive simu-
lation software. By introducing simulation software, we aimed
to reduce the cognitive load and enhance student engagement,
while making complex scientific concepts and engineering
principles more accessible.

Our findings suggest that the interactive simulation software
helped students better understand complex concepts in PACT,
with positive feedback on its usability, difficulty, and relevance
to the course. While the absence of a control group limits
conclusions about direct effects, the results indicate that the
software is beneficial for most students. Additionally, students
showed strong interest in expanding the course to include more
interdisciplinary topics and favored teaching models that em-
phasize active learning and hands‐on experiences. This points
to the potential of the proposed reforms to enhance both the-
oretical knowledge and practical skills.

The research demonstrates the feasibility and potential benefits
of integrating PACT with simulation software in university
courses, highlighting its potential as a transformative educa-
tional reform approach. This innovative integration creates an
inclusive and engaging learning environment that accom-
modates diverse student backgrounds, making it a potentially
effective model for enhancing both theoretical knowledge
and practical skills. Future research should focus on refining
these methods aimed at reducing cognitive load and exploring
their potential benefits across different disciplines and
educational levels.

Acknowledgments

The authors would like to thank Fugui Fan for proofreading the
manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. L. Wang, “The Gap Between University Studies and Labour Market in
Journalism: Opening Educational Community Example in China,”
Heliyon 8, no. 12 (2022): e11973.

2. Y. Xi, H. Shen, and X. Chen, “Bridging the Gap Between University
Engineering Education and Enterprise Requirements,” Mobile Networks
and Applications 27, no. 3 (2022): 1209–1217.

3. M. Salas‐Velasco, “Mapping the (Mis) Match of University Degrees in
the Graduate Labor Market,” Journal for Labour Market Research 55,
no. 1 (2021): 14.

4. G. Akçayır and M. Akçayır, “The Flipped Classroom: A Review of Its
Advantages and Challenges,” Computers & Education 126 (2018):
334–345.

5. K. S. Aballe, R. F. Tabago, E. J. De Juan, et al., “Computer Based
Learning and Laboratory Based Learning in Electric Circuits: A

FIGURE 10 | Surveys on students' learning experiences.

11 of 12

 10990542, 2025, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cae.70057 by K

aeks D
ijitalin - T

he U
niversity O

f N
ew

castle , W
iley O

nline L
ibrary on [12/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

Buy me a coffee https://ko-fi.com/jurnalin https://dbook.eu.org

https://kxdigital.pages.dev


Literature Review,” International Journal of Multidisciplinary: Applied
Business and Education Research 3, no. 7 (2022): 1349–1358.

6. J. C. Trullàs, C. Blay, E. Sarri, and R. Pujol, “Effectiveness of Problem‐
Based Learning Methodology in Undergraduate Medical Education: A
Scoping Review,” BMC Medical Education 22, no. 1 (2022): 104.

7. S. Ankrah and O. Al‐Tabbaa, “Universities‐Industry Collaboration: A
Systematic Review,” Scandinavian Journal of Management 31, no. 3
(2015): 387–408.

8. V. Potkonjak, M. Gardner, V. Callaghan, et al., “Virtual Laboratories
for Education in Science, Technology, and Engineering: A Review,”
Computers & Education 95 (2016): 309–327.

9. T. de Jong, M. C. Linn, and Z. C. Zacharia, “Physical and Virtual
Laboratories in Science and Engineering Education,” Science 340,
no. 6130 (2013): 305–308.

10. B. Oakley, “A Virtual Classroom Approach to Teaching Circuit
Analysis,” IEEE Transactions on Education 39, no. 3 (1996): 287–296.

11. A. G. Gallagher, E. M. Ritter, H. Champion, et al., “Virtual Reality
Simulation for the Operating Room: Proficiency‐Based Training as a
Paradigm Shift in Surgical Skills Training,” Annals of Surgery 241, no. 2
(2005): 364–372.

12. S. Barry Issenberg, W. C. Mcgaghie, E. R. Petrusa, D. Lee Gordon,
and R. J. Scalese, “Features and Uses of High‐Fidelity Medical Simu-
lations That Lead to Effective Learning: A Beme Systematic Review,”
Medical Teacher 27, no. 1 (2005): 10–28.

13. R. Khan, J. Plahouras, B. C. Johnston, M. A. Scaffidi, S. C. Grover,
and C. M. Walsh, “Virtual Reality Simulation Training for Health
Professions Trainees in Gastrointestinal Endoscopy,” Cochrane
Database of Systematic Reviews 8, no. 8 (2018): CD008237.

14. A. Pejuan and M. Novell, “Audio Processors as a Learning Tool for
Basic Acoustics,” Computer Applications in Engineering Education 17,
no. 4 (2009): 379–388.

15. L. Lévesque, “Nyquist Sampling Theorem: Understanding the Illu-
sion of a Spinning Wheel Captured With a Video Camera,” Physics
Education 49, no. 6 (2014): 697–705.
16. G. Luo, “A Matlab‐Based Biomedical Signal De‐Noising Applied to
Digital Signal Processing Course for Third‐Year Students,” International
Journal of Electrical Engineering & Education 56, no. 1 (2019): 51–61.

17. I. Garcia, E. Guzmán‐Ramírez, and C. Pacheco, “CoLFDImaP: A
Web‐Based Tool for Teaching of FPGA‐Based Digital Image Processing
in Undergraduate Courses,” Computer Applications in Engineering
Education 23, no. 1 (2015): 92–108.

18. F. Vatansever and N. A. Yalcin, “E‐Signals & Systems: A Web‐Based
Educational Tool for Signals and Systems,” Computer Applications in
Engineering Education 25, no. 4 (2017): 625–641.

19. E. Corral Abad, M. J. Gómez García, E. Diez‐Jimenez, P. M. Moreno‐
Marcos, and C. Castejón Sisamon, “Improving the Learning of En-
gineering Students With Interactive Teaching Applications,” Computer
Applications in Engineering Education 29, no. 6 (2021): 1665–1674.

20. E. Corral Abad, M. J. Gómez García, R. Ruiz Blázquez, C. Castejon,
and J. C. García‐Prada, “Effects of an Android App on Mechanical
Engineering Students,” Computer Applications in Engineering Education
26, no. 4 (2018): 1050–1057.

21. D. Zhao, C. H. Muntean, A. E. Chis, G. Rozinaj, and G.‐M. Muntean,
“Game‐Based Learning: Enhancing Student Experience, Knowledge
Gain, and Usability in Higher Education Programming Courses,” IEEE
Transactions on Education 65, no. 4 (2022): 502–513.

22. Y. Guo, N. Hu, J. Liu, Y. Yin, Y. Ding, and Y. An, “Design and
Implementation of Educational Emulation Experiment Systems Based on
Discrete Logic,” IEEE Transactions on Education 65, no. 2 (2022): 132–140.

23. G. G. Parma and V. Dinavahi, “Real‐Time Digital Hardware Simu-
lation of Power Electronics and Drives,” IEEE Transactions on Power
Delivery 22, no. 2 (2007): 1235–1246.

24. O. A. Mohammed, N. Y. Abed, and S. Ganu, Real‐Time Simulations
of Electrical Machine Drives With Hardware‐in‐the‐loop, in 2007 IEEE
Power Engineering Society General Meeting, 2007, 1–6.

25. K. Lipinski, N. Docquier, J.‐C. Samin, and P. Fisette, “Mechanical
Engineering Education via Projects in Multibody Dynamics,” Computer
Applications in Engineering Education 20, no. 3 (2012): 529–539.

26. K. C. Trundle and R. L. Bell, “The Use of a Computer Simulation to
Promote Conceptual Change: A Quasi‐Experimental Study,” Computers
& Education 54, no. 4 (2010): 1078–1088.

27. J. A. di Lanzo, A. Valentine, F. Sohel, A. Y. T. Yapp,
K. C. Muparadzi, and M. Abdelmalek, “A Review of the Uses of Virtual
Reality in Engineering Education,” Computer Applications in
Engineering Education 28, no. 3 (2020): 748–763.

28. S. Cai, X. Wang, and F. K. Chiang, “A Case Study of Augmented
Reality Simulation System Application in a Chemistry Course,”
Computers in Human Behavior 37 (2014): 31–40.

29. P. H. O. Silva, L. G. Nardo, S. A. M. Martins, E. G. Nepomuceno, and
M. Perc, “Graphical Interface as a Teaching Aid for Nonlinear Dynamical
Systems,” European Journal of Physics 39, no. 6 (2018): 065105.

30. A. V. Oppenheim and A. S. Willsky, Signals and Systems (Prentice‐
Hall, 1983).

31. Y. P. Ren, Q. Zhuo, Y. Yang, and C. S. Zhang, An Overview of Signal
Processing Engineering Education in China, in IEEE Frontiers in Edu-
cation Conference (FIE), 2020, 1–8.

32. T. E. Keller and G. Pearson, “A Framework for k‐12 Science Edu-
cation: Increasing Opportunities for Student Learning,” Technology &
Engineering Teacher 71, no. 5 (2012): 12–18.

33. J. Yao, J. Xia, and L. V. Wang, “Multiscale Functional and Molecular
Photoacoustic Tomography,” Ultrasonic Imaging 38, no. 1 (2016): 44–62.

34. B. T. Cox and P. C. Beard, “Fast Calculation of Pulsed Photoacoustic
Fields in Fluids Using k‐Space Methods,” Journal of the Acoustical
Society of America 117, no. 6 (2005): 3616–3627.

35. J. Sweller, “Cognitive Load During Problem Solving: Effects on
Learning,” Cognitive Science 12, no. 2 (1988): 257–285.

36. M. H. Xu and L. V. Wang, Universal Back‐projection Algorithm for
Photoacoustic Computed Tomography, in Proceedings of SPIE, 2005,
251–254.

37. C. Tian, K. Shen, W. Dong, et al., “Image Reconstruction From
Photoacoustic Projections,” Photonics Insights 3, no. 3 (2024): R06.

38. C. Zhang, Z. Tan, and C. Tian, “Point Spread Function Modeling for
Photoacoustic Tomography—I: Three‐Dimensional Detection Geome-
tries,” Optics Express 32, no. 2 (2024): 1063–1087.

39. C. Tian, C. Zhang, H. Zhang, D. Xie, and Y. Jin, “Spatial Resolution
in Photoacoustic Computed Tomography,” Reports on Progress in
Physics 84, no. 3 (2021): 036701.

40. S. Liu, C. Zhang, J. Zhang, X. Liu, B. Zhu, and C. Tian, “Sub‐Nyquist
Sampling‐Based High‐Frequency Photoacoustic Computed Tomogra-
phy,” Optics Letters 49, no. 7 (2024): 1648–1651.

41. L. Fu and J. Jokerst, “Interleave‐Sampled Photoacoustic Imaging: A
Doubled and Equivalent Sampling Rate for High‐Frequency Imaging,”
Optics Letters 47, no. 14 (2022): 3503–3506.

42. J. Kang, H. Yoon, C. Yoon, and S. Y. Emelianov, “High‐Frequency
Ultrasound Imaging With Sub‐Nyquist Sampling,” IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control 69, no. 6 (2022): 2001–2009.

43. K. Tang, S. Zhang, Z. Liang, et al., “Advanced Image Post‐Processing
Methods for Photoacoustic Tomography: A Review,” Photonics 10, no. 7
(2023): 707.

44. R. M. Ryan and E. L. Deci, “Intrinsic and Extrinsic Motivations:
Classic Definitions and New Directions,” Contemporary Educational
Psychology 25, no. 1 (2000): 54–67.

12 of 12 Computer Applications in Engineering Education, 2025

 10990542, 2025, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cae.70057 by K

aeks D
ijitalin - T

he U
niversity O

f N
ew

castle , W
iley O

nline L
ibrary on [12/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

Buy me a coffee https://ko-fi.com/jurnalin https://dbook.eu.org

https://kxdigital.pages.dev

	Incorporating Scientific Applications Into Engineering Education Through Interactive Simulation Software
	1 Introduction
	2 Course Framework and PACT System
	2.1 Signals and Systems
	2.2 PACT
	2.3 Connections Between the Course and PACT

	3 Interactive Simulation Software
	3.1 Overview of the Software
	3.2 PA Signal Generation
	3.3 Analog Filtering
	3.4 Sampling
	3.5 Digital Filtering

	4 Student Engagement and Assessment
	4.1 Student Engagement
	4.2 Assessment Method
	4.3 Results of the Assessment

	5 Limitations
	6 Conclusion
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References




