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ABSTRACT

Improving student engagement and comprehension of complex theoretical concepts re-mains a
persistent challenge in biomedical engineering education. This study proposes a smartphone-based
augmented reality (AR) framework for simulating medical devices and evaluates its impact on
student learning, interaction, and engagement. Unlike conventional approaches, the proposed method
integrates low-cost, accessible AR models of key biomedical equipment—MRI, centrifuge, and
defibrillator—developed using SolidWorks, Blender, and Unity, enabling real-time visualization in
classroom settings. A cross-sectional study involving 77 biomedical engineering students at King
Saud University was conducted using a structured questionnaire following an AR-based instructional
session. The results demonstrate high levels of student acceptance and perceived effectiveness, with
88% of participants reporting improved understanding and motivation, 80% indicating enhanced
comprehension of complex devices, and 90% supporting the larger adoption of AR across curricula.
The findings highlight the potential of AR to bridge the gap between theoretical knowledge and
practical visualization, particularly in resource-limited educational environments where access to
physical equipment is constrained. Despite these promising outcomes, challenges related to
infrastructure, accessibility, and instructor readiness re-main critical considerations. This study
contributes to the growing body of research on immersive learning technologies by presenting a
scalable and cost-effective AR-based educational approach, while emphasizing the need for further
investigation using objective performance metrics and larger populations to validate its long-term
educational impact.

I{eyWOI‘dS: Active learning, AR-based learning, Augmented reality, Creative education, Medical devices, Simulation, Smart phone
education.

61

URL: www.onlinesciencepublishing.com | June, 2026


https://orcid.org/0000-0003-3638-7916
https://orcid.org/0009-0007-1690-2702
https://orcid.org/0000-0002-4848-3051
https://orcid.org/0000-0002-1448-4072
https://www.doi.org/10.55284/ajce.v9i1.1859

American Journal of Creative Education, 2026, 9(1): 61-72

DOI: 10.55284/ ajce.v9il1.1859

Citation | Aleid, A., Altwijri, O., Alqahtani, M., ALmijalli, M., Shahbel, M., Alkhulayfi, S., Javed, R., & Saad, A. (2026). A smartphone-based
augmented reality framework for bio-medical device simulation: Enhancing student learning and engagement. American Journal of Creative
Education, 9(1), 61-72.

Copyright: © 2026 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Funding: This research was funded by the Ongoing Researchers Funding program (ORF-2026-1678), King Saud University, Riyadh, Saudi
Arabia.

Institutional Review Board Statement: The study involved minimal risk and followed ethical guidelines for social science fieldwork. Formal
approval from an Institutional Review Board was not required under the policies of Institute for Research Ethics Committee of the King Saud
University, Riyadh, Saudi Arabia. Informed verbal consent was obtained from all participants, and all data were anonymized to protect
participant confidentiality

Transparency: The authors confirm that the manuscript is an honest, accurate, and transparent account of the study; that no vital
features of the study have been omitted; and that any discrepancies from the study as planned have been explained. This study followed all
ethical practices during writing.

Competing Interests: The authors declare that they have no competing interests.

Authors’ Contributions: All authors contributed equally to the conception and design of the study. All authors have read and agreed to the
published version of the manuscript.

History: Received: 17 April 2026/ Revised: 20 May 2026/ Accepted: 6 June 2026/ Published: 18 June 2026

Publisher: Online Science Publishing

" Highlights of this paper T

e This study proposes a cost-effective, smartphone-based augmented reality (AR) framework that

simulates complex medical devices—such as MRIs and defibrillators—to enhance biomedical
engineering education.

e An evaluation involving 77 students demonstrated high acceptance, with 80% to 90% of
participants reporting improved comprehension of theoretical concepts, increased motivation,
and strong support for integrating AR into broader curricula.

e These findings highlight AR's potential to bridge the gap between theoretical knowledge and
practical visualization in resource-limited settings, though challenges regarding infrastructure
and the need for long-term objective assessments remain.

1. INTRODUCTION

Augmented reality (AR) is a technology that integrates virtual elements with the re-al-world environment in
real time, enabling users to interact with computer-generated content overlaid on physical surroundings
(Carmigniani & TFurht, 2011; Julie Carmigniani et al., 2011). Unlike virtual reality, which replaces the real
environment, AR enhances it by combining digital and physical components, as conceptualized in Milgram’s
Reality—Virtuality continuum (Milgram & Kishino, 1994). Advances in hardware and software have enabled AR
applications to deliver interactive three-dimensional (8D) visualizations across multiple modalities, including text,
audio, and video, thereby sup-porting more immersive and engaging user experiences.

In recent years, AR has gained increasing attention across various domains, including healthcare, engineering,
and education (Alzahrani, 2020; Byrick, Naik, & Wynands, 2009; Scott et al., 2008). In medical contexts, AR has
been applied to surgical navigation, visualization, and training, improving precision and decision-making (Liu et al.,
2020; Nicolau, Soler, Mutter, & Marescaux, 2011; Shuhaiber, 2004). Similarly, in educational settings, AR has been
shown to enhance student engagement, motivation, and conceptual understanding by enabling interactive and
visual learning experiences (Jerry & Aaron, 2010; Osadchyi, Valko, & Kuzmich, 2021; Tarng & Ou, 2012). These
capabilities are particularly valuable in disciplines that involve complex systems and abstract concepts, such as
biomedical engineering.

Despite these advantages, the integration of AR into higher education remains limited. Practical constraints
including the high cost of medical equipment, limited laboratory access, and insufficient technical infrastructure,
continue to hinder effective hands-on learning, especially in resource-constrained environments (Akungu, 2014
Fjeld & Voegtli, 2002; Glewwe & Jacoby, 1994). While AR offers a promising alternative by providing virtual
simulations of real-world systems, existing studies report mixed results regarding its effectiveness in improving

learning outcomes, particularly in specialized domains such as medical device education.
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Moreover, most prior research has focused on general educational contexts or specific AR applications, with
limited attention given to the use of accessible, smartphone-based AR systems for biomedical engineering training.
There is also a lack of empirical studies examining how students perceive and interact with AR simulations of
complex medical devices in real classroom settings. Addressing this gap is essential to understanding the practical
value and scalability of AR as an educational tool.

Therefore, this study proposes and evaluates a low-cost, smartphone-based AR framework for simulating key
biomedical devices, including MRI, centrifuge, and defibrillator systems. The developed models created using
SolidWorks, Blender, and Unity, enable students to visualize and explore device structures and functions through
interactive AR applications. A questionnaire-based evaluation was conducted to assess the impact of this approach
on student engagement, understanding, and learning experience.

The main contributions of this study are threefold: (1) the development of an accessible AR-based simulation
framework for biomedical device education; (2) the empirical evaluation of student perceptions and engagement in a
real classroom environment; and (8) the demonstration of AR’s potential to enhance learning in contexts where
access to physical equipment is limited. By addressing both technological and educational aspects, this work
contributes to the growing field of immersive learning technologies and supports the integration of AR into higher

education.

2. MATERIALS AND METHODS
2.1. Study Design and Participants

This study adopted a quasi-experimental pretest—post-test design to evaluate the impact of augmented reality
(AR)-based learning on biomedical engineering students. The study was conducted at the Biomedical Technology
Department, College of Applied Medical Sciences, King Saud University, Riyadh, Saudi Arabia.

A total of 77 undergraduate students participated voluntarily. Inclusion criteria required enrolment in the
biomedical technology program and attendance at both instructional sessions. Participation was anonymous, and
informed consent was obtained prior to data collection.

To strengthen internal validity, participants were exposed to both:

Traditional instruction (baseline condition)

AR-based learning (intervention condition)

This within-subject comparison enabled evaluation of perceived differences in learning effectiveness.

2.2. AR System Development and Device Selection

Three biomedical devices were selected to represent distinct application domains: in centrifuge (laboratory
systems, Figure 1), MRI (diagnostic imaging, see Figure 2), and defibrillator (emergency care, see Figure 3). These
devices were chosen due to their complexity and limited availability in conventional teaching laboratories.

The AR framework was developed using a three-stage pipeline.

3D Modelling: SolidWorks (Dassault Systémes, USA).

Animation: Blender (open source).

AR Deployment: Unity with Vuforia SDK for marker-based tracking.

Each device was linked to a unique visual marker, enabling real-time interaction via smartphone-based AR.
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Figure 1. (A) Blocks/buckets to hold samples, (B) Rotator for holding
blocks/buckets, (C) Combined blocks/buckets and rotator inside chamber, (D)
Moving blocks/bucket while holding samples and (E), Centrifuge Machine Barcode.
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Figure 2. (A) Defibrillator front view, (B) Defibrillator with moving peddles
and (C) Dehbrlllatm Machine Barc ode
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Figure 3. (A) Display of MRI machine using AR technology and (B) MRI machine barcode.

2.3. Experimental Procedure

The study was conducted in three phases.

Baseline (Traditional Learning): Students received conventional instruction using standard teaching materials
(e.g., slides, verbal explanation).

AR Intervention: Students interacted with AR models using smartphones, enabling visualization and
exploration of device structures and functions.

Post-Intervention Assessment: A structured questionnaire was administered to evaluate perceived

improvements in understanding, engagement, and usability.

2.4.. Questionnaire Design, Validity, and Reliability

A structured questionnaire consisting of eight items was developed, including demographic variables and six
evaluation items measuring.

*  Educational effectiveness.

*  Conceptual understanding.

* Engagement.

*  Usability and ease of use.

*  Accessibility of otherwise unavailable equipment.

*  Overall learning preference.

Responses were recorded on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).

Content Validity: The questionnaire items were developed based on prior AR education studies (Braun, Clarke,
Boulton, Davey, & McEvoy, 2021; Osadchyi et al.,, 2021; Tarng & Ou, 2012) and reviewed by two subject-matter
experts in biomedical engineering and educational technology to ensure relevance, clarity, and coverage of key
constructs.

Construct Validity: Construct validity was assessed by examining the logical alignment between questionnaire
items and study objectives (learning effectiveness, usability, engagement), ensuring that each item measured the

intended dimension.
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Reliability Analysis: Internal consistency reliability was evaluated using Cronbach’s alpha coefficient. A
threshold of a@ > 0.70 was considered acceptable for reliability. The questionnaire demonstrated good internal

consistency (& = 0.84), indicating that the items reliably measure the underlying constructs.

2.5. Statistical Analysis
Statistical analysis was conducted using SPSS version 28 (IBM Corp., USA).
Descriptive statistics: Frequencies, percentages, and mean + standard deviation.
Reliability analysis: Cronbach’s alpha.
Comparative analysis: Paired comparisons between traditional and AR-based learning responses.
Chi-square tests for categorical associations.
One-way ANOVA to assess differences across demographic variables.

A significance level of p < 0.05 was used.

3. RESULTS

A total of 77 students volunteered for the present study (see Figure 4), 47 male and 30 female, with a mean age
of 21.08 £ 1.70, which can be seen in Table 1. A strong and positive statistically significant association was
witnessed for most of the responses using the chi-square method in Table 2. Additionally, the study variables also

showed a significant level of differences for a few of the responses received from the participants, which can be seen

in Table 3.

OMale

OFemale

Figure 4. Gender distribution of responding in number and percentage.
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Table 1. Summary of the participants and their responses.

Question No.

0 I O O

Responses
Gender
Age
Semester
Respondents
77
77
77
77
77

Male

47

21.03 &+ 1.70 Years
18t 1

ik 4

grd: 4,

4th: 88

Strongly Disagree

O [— |O [ |=

Disagree
0

S (W =

Table 2. Chi-Square Test for finding level of association within the question.

Question No.

Approximate Chi-Square

df
Asymp. Sig.
(p-Value)

3 Ed
147.812 47.416
7 3
<.001 <.001

Note: * Presence of statistical significance association for all p-values.

52.506

<.001

Table 3. Statistical Analysis between the study variables and the responses to each question.

Question
No.

[©)BENC RN

~J

Independent Variables

Gender

ANOVA (p-Value)

0.709
0.084 *
0.017 *

0.477

0.386

Note: * Presence of statistical significance association for all p-values.

Age

0.623
0.857
0.110 *
0.391
0.750

Female
30
5th: 1
6th: 2
7th;
8th; 96
Neutral Agree Strongly Agree
8 37 31
7 26 42
26 29 21
12 39 22
8 34 35
6 7 8
24.766 63.195 18.260
3 4 2
<.001 <.001 <.001
Semester
0.385
0.007 *
0.260
0.361
0.144

In Figure 5, a highly statistically significant association (p<0.001) was found between responses regarding

whether AR has educational benefits and facilitates access to educational content. Many of the participating

volunteers expressed agreement; specifically, 88% agreed, while 11% were neutral, 0% disagreed, and only 1%

strongly disagreed.
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B Strongly Agree
OAgree
ONeutral
ODisagree

B Strongly
Disagree

Figure 5. Students’ response for question number 3.

When asked if the AR program is included in teaching, will it help students to understand more about the
medical device mechanism and working? The replies displayed a highly statistically significant association
(p<0.001) between the responses. More than 88% of students agreed with the idea; however, 7% and 2% of students
were neutral and disa-greed with the question, respectively. Most participants agreed with the question, as seen in

Figure 6.

OStrongly Agree

OAgree

ONeutral

ODisagree

26,34% 42,54%
B Strongly Disagree

Figure 6. Participating students’ response for question number 4.

As seen in Figure 7 a highly significant association (p<0.001) was measured for the response to question,
whether the application was simple and easy to use. Here 65% of the students' response agreed, and neutral 34%
were neutral. However, 1% of the students did not agree with the question asked, also zero response was recorded

for strong disagreement.
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@ Strongly
Agree
DOAgree
ONeutral
ODisagree

BStrongly
Disagree

Figure 7. Students’ response for question number 5.

Figure 8 displays a high statistically significant association (p<0.001) when asked, "Does the application make
it easy to view medical devices that we couldn’t see in real life?" 84% of the students agreed with question 7;
whereas 15% of students selected neutral. However, 4% and 1% of students disagreed and strongly disagreed with

the idea, respectively.

OStrongly Agree
OAgree
ONeutral
ODisagree

B Strongly
Disagree

Figure 8. Students’ response for question number 6.

In Figure 9 we observe a highly statistically significant association (p < 0.001) regarding whether students
believe this application should be implemented in other sub-jects. 90% of the students agreed with this statement,

and only 10% selected a neutral response. Notably, no students disagreed or strongly disagreed with the statement.
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@ Strongly
Agree

O Agree

ONeutral

ODisagree

@ Strongly
Disagree

Figure 9. Participating students’ response for question number 7.

4. DISCUSSION

This study explored the impact of augmented reality (AR)-based simulation on biomedical engineering
students’ learning experience, with particular emphasis on conceptual understanding, engagement, and accessibility
to complex medical devices. The findings indicate that AR can serve as an effective complementary educational tool,
supporting prior evidence that immersive and interactive technologies enhance student learning through
multimodal engagement (Elmqgaddem, 2019; Huang et al., 2019). A large proportion of participants (88%) reported
that AR improved their understanding of medical device mechanisms and facilitated access to educational content.
These findings are consistent with earlier studies demonstrating that AR enhances visualization and supports the
comprehension of abstract or complex concepts (Jerry & Aaron, 2010; Osadchyi et al.,, 2021; Tarng & Ou, 2012).
However, it is important to note that the present study relies primarily on self-reported perceptions, which may
introduce response bias. Moreover, the absence of a control group limits the ability to establish causal relationships
between AR usage and learning outcomes. Future research employing experimental or quasi-experimental designs
is therefore warranted. The usability of the AR application was positively evaluated, with approximately 90% of
students indicating that the system was easy to use. This suggests that smartphone-based AR platforms can be
effectively integrated into classroom environments without imposing substantial technical barriers. Nevertheless, a
minority of participants reported usability challenges, which may be attributed to differences in device
specifications, user familiarity with digital tools, or varying levels of technological adaptability. Similar concerns
have been highlighted in previous studies, emphasizing the need for user-centred design and technical support
(Niedlich, Kallfa3, Pohle, & Bormann, 2021; Tschannen-Moran, 2017). An important contribution to this work lies
in its applicability to resource-constrained educational settings. The results suggest that AR can mitigate
limitations associated with the lack of physical access to expensive medical equipment, a challenge commonly re-
ported in low- and middle-income contexts (Akungu, 2014; Fjeld & Voegtli, 2002; Glewwe & Jacoby, 1994). By
providing interactive simulations, AR enables students to explore device structures and functions in a cost-effective
manner. However, AR should not be considered a replacement for hands-on training but rather a supplementary

tool that enhances traditional laboratory-based learning. Despite the promising findings, several challenges remain.
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The implementation of AR in education requires not only adequate technological infrastructure but also sufficient
instructor training and institutional support. Previous literature has identified a lack of technical proficiency among
educators as a significant barrier to effective adoption (Billinghurst & Duenser, 2012). Additionally, the time and
effort required to develop AR-based educational content may limit its scalability. Addressing these challenges will
be critical for the sustainable integration of AR into academic curricula. The current findings also align with
broader research indicating that AR can improve student motivation and engagement; however, evidence regarding
its impact on measurable academic performance remains inconclusive (Dhaas, 2024; Rodriguez-Saavedra et al.,
2025). While this study demonstrates strong student acceptance and perceived benefits, further investigation is
needed to evaluate long-term learning outcomes, knowledge retention, and skill acquisition. Incorporating objective
assessment metrics and larger, more diverse samples would strengthen the generalizability of future studies. In
summary, AR technology offers significant potential to enhance biomedical engineering education by bridging the
gap between theoretical knowledge and practical application. Its effectiveness is particularly evident in improving
visualization, engagement, and accessibility. Nonetheless, its successful implementation depends on careful
pedagogical integration, technological readiness, and ongoing evaluation. Future research should focus on
longitudinal studies, comparative analyses with traditional methods, and the development of standardized

frameworks for AR-based learning in higher education.

5. CONCLUSIONS

This study examined the use of augmented reality (AR) for simulating biomedical devices, including MRI,
centrifuge, and defibrillator systems, using SolidWorks, Blender, and Uni-ty. The results indicate that AR enhances
student engagement, understanding, and access to complex equipment, supporting its role as an effective
complementary educational tool.

Despite these positive findings, limitations include the small sample size, reliance on self-reported data, and
lack of objective performance measures. Future studies should adopt larger, more diverse samples and experimental

designs to better assess learning outcomes and generalizability.
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