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Methods: A quasi-experimental single-group pre-test post-test design was employed. A
total of 250 nursing students were recruited from two nursing colleges (Siddiq Institute of
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catheterization, endotracheal suctioning, and medication administration. Data were
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analyzed using SPSS version 26.0, employing descriptive statistics and paired t-test.
Results: The mean pre-test knowledge score was 13.28 * 4.12, which significantly
increased to 26.94 * 3.87 at post-test (t = 28.46, p < 0.001). Similarly, the mean clinical
procedure accuracy score improved from 16.42 + 5.23 pre-intervention to 33.58 + 4.14
post-intervention (t = 26.73, p < 0.001). The AR-based training intervention demonstrated
a highly statistically significant improvement in both knowledge and clinical procedure
accuracy among the study participants.

Conclusion: Augmented reality-based training significantly enhances nursing students'
knowledge and accuracy in performing clinical procedures. Integrating structured AR-
based training programs into nursing curricula is recommended to bridge the gap between
theoretical knowledge and clinical competence, particularly in resource-constrained
settings like Pakistan.
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INTRODUCTION

Clinical procedural competence is a fundamental component of
nursing practice and requires the integration of theoretical
knowledge, psychomotor performance, clinical judgment, and
adherence to patient-safety principles. Procedures such as
medication administration, injections, wound care, urinary
catheterization, suctioning, and other bedside interventions must
be performed accurately and consistently because deficiencies in
procedural competence may compromise the quality and safety
of patient care. Consequently, nursing education must provide
students with sufficient opportunities to acquire, practice, and
refine clinical skills before they assume independent
responsibilities in clinical settings. *>?

Traditional approaches to clinical skills education generally
combine classroom instruction, faculty demonstration,
mannequin-based practice, and supervised clinical experience.

Although these methods remain essential, they may be
constrained by limited practice time, variable access to clinical
placements, faculty workload, and opportunities for
individualized feedback. These limitations are particularly
important when students require repeated practice to achieve
procedural proficiency. Increasing recognition of these challenges
has encouraged nursing educators to incorporate simulation and
technology-enhanced approaches that can provide structured,
interactive, and relatively low-risk learning environments. 3-*

Augmented reality (AR) has emerged as one such technology with
potential applications in health-professions education. AR
integrates computer-generated information, including three-
dimensional objects, visual cues, animations, and other digital
content, with the learner's physical environment. Unlike virtual
reality, which replaces the real environment with a fully
simulated digital setting, AR preserves interaction with physical
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objects while superimposing contextual digital information. This
characteristic is particularly relevant to nursing skills education
because students can continue to manipulate mannequins,
instruments, and other clinical equipment while receiving
digitally mediated instructions or visual guidance. 5-°

The educational value of AR extends beyond the presentation of
information. AR-based environments can support visualization of
anatomical  structures, procedural sequences, spatial
relationships, and clinical cues that may be difficult to appreciate
through conventional two-dimensional teaching materials.
Recent evidence suggests that AR and related immersive
technologies can enhance engagement, knowledge acquisition,
clinical reasoning, and selected aspects of practical skill
development. 7> In addition, AR can provide learners with
opportunities for self-directed and repetitive practice, potentially
allowing students to progress through procedural steps at an
individualized pace while reducing dependence on continuous
faculty supervision. °

The growing literature on AR in nursing and health-professions
education provides encouraging, although not uniformly
consistent, evidence. Studies involving immersive and mixed-
reality approaches have reported improvements in nursing
students' knowledge, confidence, satisfaction, and selected
clinical competencies. %' A systematic review and meta-
analysis of mixed reality in undergraduate nursing education
further identified benefits related to knowledge and skill
acquisition, while also emphasizing implementation challenges
and variability between educational interventions. *2

These findings indicate that AR should not be considered a
universally effective intervention; rather, its educational impact
may depend on the type of procedure, instructional design,
degree of learner interaction, technological usability, and the
extent to which digital guidance is integrated with hands-on
practice.

Evidence from specific procedural applications further illustrates
this variability. AR-supported anatomy and nursing-skills
training has demonstrated the feasibility of overlaying three-
dimensional anatomical information onto physical mannequins,
potentially strengthening students’ understanding of the
relationship between anatomical knowledge and procedural
performance.’® Similarly, AR has been incorporated into
procedural and clinical training to provide interactive guidance
during skills practice.*®*®> More recent investigations have
reported favorable outcomes for AR-supported health-
professions education, including improvements in learning
outcomes and clinical performance among university-level health
students.*®

The potential benefits of AR are also relevant to competency-
based nursing education because procedural mastery requires
repeated performance rather than passive exposure to theoretical
content. AR-supported learning can provide visual prompts,
stepwise instructions, and immediate contextual information
during practice, thereby supporting deliberate and experiential
learning. *7>'® Such features may be particularly valuable for
procedures in which sequencing, accuracy, and adherence to
safety steps are critical. Nevertheless, evidence from other health-
professions applications suggests that AR may be more effective
for some learning outcomes than others, and improvements in
knowledge or confidence do not necessarily translate into
equivalent gains in technical performance. *° This distinction is
important because the ultimate objective of clinical skills
education is not simply knowledge acquisition but the accurate
and reproducible execution of procedures.

Recent research has expanded the application of AR beyond
conventional nursing-skills laboratories. AR-based interventions
have been investigated for clinical decision-making,

communication and empathy training, radiographic positioning,
orientation and mobility training, and other health-related
educational tasks. 2°72® This expanding evidence base
demonstrates the adaptability of AR across different educational
contexts but also highlights considerable heterogeneity in
intervention design, technological platforms, learner populations,
outcome measures, and assessment methods. Consequently,
findings from one clinical or educational domain cannot
necessarily be generalized to all nursing procedures.
Importantly, the evidence base remains geographically uneven.
Much of the published research on AR-supported health
education has originated from technologically developed
educational environments, where access to advanced hardware,
digital infrastructure, technical support, and simulation facilities
may differ substantially from those available in low- and middle-
income countries. Reviews of AR and immersive technologies
have highlighted both the educational potential of these
approaches and the importance of contextual factors affecting
implementation. 2*:25 Therefore, evidence generated in high-
resource settings may not directly reflect the feasibility,
acceptability, or educational effectiveness of AR within nursing
institutions operating under different infrastructural and
pedagogical conditions.

The Pakistani context represents an important but comparatively
underexplored setting for this research. Nursing education in
Pakistan continues to rely substantially on conventional
classroom teaching, faculty demonstration, skills-laboratory
practice, and clinical placement. Although digital technologies are
increasingly being incorporated into health-professions
education, empirical evidence evaluating AR-based clinical
procedural training among Pakistani nursing students remains
limited. Furthermore, there is insufficient evidence regarding
whether AR can improve objectively assessed procedural
accuracy across nursing institutions with different organizational
and educational environments. This gap is particularly relevant
when comparing public and private nursing institutions, which
may differ in resources, student exposure, faculty support, and
access to educational technologies.

Accordingly, the present study evaluated the effectiveness of
augmented reality-based training in improving the accuracy of
clinical procedure performance among nursing students at Siddiq
Institute of Nursing and Allied Health Sciences, Multan, and
Nishtar Nursing College, Multan, representing private and public
nursing education settings, respectively. By focusing on
procedural accuracy rather than solely on knowledge,
satisfaction, or perceived confidence, the study addresses an
important outcome directly related to clinical competence and
patient safety. The findings may provide context-specific evidence
regarding the educational value of AR and inform future decisions
concerning the integration of technology-enhanced procedural
training into nursing curricula in Pakistan.

METHODOLOGY

A quasi-experimental single-group pre-test-post-test design was
employed to evaluate the effectiveness of augmented reality (AR)-
based training in improving nursing students’ knowledge and
accuracy in performing clinical procedures. The study was
conducted at two undergraduate nursing institutions in Multan,
Pakistan: Siddiq Institute of Nursing and Allied Health Sciences
(private sector) and Nishtar Nursing College (public sector),
selected to provide representation of different educational
settings.

The study population comprised undergraduate nursing
students enrolled during the study period who had completed
foundational clinical skills courses. A sample of 250 students was
determined using a single-population proportion formula with a
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95% confidence level, 5% margin of error, and an anticipated
proportion of 50%. Participants were recruited through
purposive sampling. Eligible participants were aged 18-35 years,
enrolled in an undergraduate nursing program, had completed
foundational clinical skills training, and were willing to
participate. Students with previous AR-based training, visual or
physical impairments preventing AR-device use, cognitive or
communication difficulties, epilepsy or conditions potentially
triggered by AR exposure, non-consent, or extended leave during
data collection were excluded.

Data were collected using two investigator-developed
instruments. The first was a 35-item structured knowledge
questionnaire covering theoretical knowledge, procedural steps
and sequencing, infection prevention and safety, complication
recognition and management, and documentation and reporting.
Each correct response received one point, producing a maximum
score of 35. The second was a 25-item clinical procedure accuracy
checklist assessing wound dressing, intramuscular injection,
urinary catheterization, endotracheal suctioning, and medication
administration. Each item was rated as accurate (2), partially
accurate (1), or inaccurate (0), with a maximum score of 50. Both
instruments were developed following a literature review and
underwent expert content validation by five nursing and medical
professionals. The content validity indices were 0.91 for the
knowledge questionnaire and 0.89 for the accuracy checklist.
Pilot testing among 20 students demonstrated acceptable internal
consistency, with Cronbach’s a coefficients of 0.86 and 0.84,
respectively.

The AR intervention was developed using evidence-based clinical
procedure guidelines and comprised five modules addressing
wound care, intramuscular injection, urinary catheterization,
endotracheal suctioning, and medication-administration safety.
Smartphone-based AR applications provided stepwise visual
instructions, anatomical overlays, procedural cues, and
performance-related feedback while students practiced using
mannequins or task trainers. Following a 30-minute orientation,
students participated in structured AR training over two weeks,
with two sessions per week. Each session incorporated instructor
demonstration, guided practice, and independent practice with
AR-supported feedback. Students subsequently received access to
the applications for self-directed reinforcement, followed by a
reinforcement session two weeks after training. Baseline
demographic information, knowledge, and procedural accuracy
were assessed before the intervention, while identical outcome
measures were administered four weeks after completion of the
intervention.

Ethical approval was obtained from the relevant institutional
review boards of both participating institutions. Written
informed consent was obtained from all participants after
explanation of the study objectives, procedures, potential
benefits, and possible discomfort associated with AR use.
Confidentiality and voluntary participation were maintained, and
participants could withdraw at any stage without consequence.
Data were anonymized and securely stored. Statistical analysis
was performed using SPSS version 26.0. Frequencies,
percentages, means, and standard deviations were calculated as
appropriate. Pre-test and post-test knowledge and procedural
accuracy scores were compared using paired-samples t-tests,
with statistical significance established at p<0.05.

RESULTS

Demographic Characteristics of Participants

A total of 250 nursing students from two nursing colleges
participated in the study. The demographic characteristics are
presented in Table 1.

Table 1: Demographic Characteristics of Participants
(N=250)

Demographic @ Category Frequency Percentage
Variable (n) (%)
Age (years) 18-22 112 448
23-27 98 39.2
28-35 40 16.0
Gender Female 210 84.0
Male 40 16.0
Year of Study @ First Year 62 24.8
Second Year 68 27.2
Third Year 72 28.8
Fourth Year 48 19.2
College Type @ Private (Siddiq @125 50.0
Institute)
Public (Nishtar =125 50.0
Nursing
College)
Previous AR Yes 18 7.2
Experience
No 232 92.8
Smartphone | Yes 238 95.2
Ownership
No 12 4.8

Table 1 shows that the majority of participants (44.8%) were in
the 18-22 years age group. The sample was predominantly female
(84.0%), reflecting the gender distribution in nursing education
in Pakistan. Participants were distributed across all years of
study, with the largest proportion in the third year (28.8%). Equal
numbers of participants were recruited from the private (n=125)
and public (n=125) nursing colleges. The vast majority (92.8%)
had no prior experience with AR-based training, and 95.2%
owned smartphones.

Effectiveness of AR-Based Training on Knowledge

The knowledge scores of participants before and after the AR-
based training intervention are presented in Table 2.

Table 2: Comparison of Pre-test and Post-test Knowledge
Scores (N=250)

Domain Pre- Post- Mea | t- p-
test test n value | value
Mean | Mean @ Diffe
+SD +SD renc
e
Theoretical 386 + 6.24 + 238 2245 <0.00
knowledge of 1.52 1.18 1*
clinical
procedures
Procedural 294 + 568+ 274 | 2412 @ <0.00
steps and  1.38 1.24 1*
sequencing
Infection 268+ 546 + 2.78 @ 23.67 <0.00
control and 1.42 1.08 1*
safety practices
Complication 212+ 482+ 270 2189 | <0.00
recognitionand 1.28 1.14 1*
management
Documentation 1.68 + 4.74 + 3.06 2534 @ <0.00
and reporting 1.12 1.06 1*
Total 13.28 2694 13.6 2846 @<0.0
Knowledge +412 +387 6 01*
Score

*Statistically significant at p < 0.05
The total mean pre-test knowledge score was 13.28 + 4.12,
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which significantly increased to 26.94 + 3.87 at post-test, with a
mean difference of 13.66. The paired t-test revealed a highly
statistically significant difference (t = 28.46, p < 0.001). The
domain-wise analysis showed that the greatest improvement
was observed in documentation and reporting (mean difference
= 3.06), followed by infection control and safety practices (mean
difference = 2.78).

Effectiveness of AR-Based Training on Clinical Procedure
Accuracy

The clinical procedure accuracy scores of participants before and
after the AR-based training intervention are presented in Table 3.

Table 3: Comparison of Pre-test and Post-test Clinical
Procedure Accuracy Scores (N=250)

Domain Pre- | Post Mean t- p-
test -test Differen valu value
Mea Mea ce e
n * n =
SD SD
Wound 3.82 724 342 20.6  <0.001
dressing * * 7 *
1.64  1.38
Intramuscula  3.28 6.86 @ 3.58 21.8  <0.001
r injection kS kS 9 *
1.52 1.42
Urinary 3.06 652 346 20.1  <0.001
catheterizati =+ + 2 &
on 148  1.34
Endotracheal 2.94 6.28 3.34 19.4 <0.001
suctioning kS kS 5 *
1.36 | 1.28
Medication 3.32 6.68 3.36 20.8 <0.001
administrati * + 9 &
on 1.54 1.36
Total 164 33.5 17.16 26.7 <0.00
Accuracy 2 + 8 #* 3 1*
Score 5.23  4.14

*Statistically significant at p < 0.05

The total mean pre-test clinical procedure accuracy score was
16.42 = 5.23, which significantly increased to 33.58 * 4.14 at post-
test, with a mean difference of 17.16. The paired t-test revealed a
highly statistically significant difference (t=26.73,p <0.001). The
domain-wise analysis showed that the greatest improvement was
observed in intramuscular injection (mean difference = 3.58),
followed by urinary catheterization (mean difference = 3.46).
Comparison Between Private and Public Nursing Colleges
The comparison of pre-test and post-test scores between private
and public nursing colleges is presented in Table 4.

Table 4: Comparison of Scores Between Private and Public
Nursing Colleges (N=250)

Variable Private Public t- p-
College College value value
(n=125) (n=125)
Mean * SD Mean * SD
Pre-test 1296 +4.08 13.60+4.16 -1.24 0.216
Knowledge
Post-test 27.24+3.76 26.64+398 1.23 0.219
Knowledge
Pre-test 16.08+5.18 16.76 +5.28 -1.04  0.299
Accuracy
Post-test 3412+4.02 33.04+4.26 2.08 0.039*
Accuracy

*Statistically significant at p < 0.05
Table 4 shows that while there was no statistically significant
difference between private and public colleges in pre-test

knowledge (p = 0.216) or pre-test accuracy (p = 0.299), the
private college demonstrated significantly higher post-test
accuracy scores compared to the public college (p = 0.039). The
post-test knowledge scores were higher in the private college, but
this difference was not statistically significant (p = 0.219).

DISCUSSION

The present study evaluated the effectiveness of augmented
reality (AR)-based training on nursing students’ knowledge and
accuracy in performing selected clinical procedures at two
nursing colleges in Multan, Pakistan. The findings demonstrated
statistically significant improvements in both knowledge and
clinical procedure accuracy following the AR-based intervention.
These findings support the potential value of AR as a
supplementary educational modality for strengthening
theoretical understanding and procedural performance among
nursing students. The results are consistent with the growing
evidence that immersive, interactive technologies can
complement conventional simulation and skills-based instruction
by providing visual guidance, repeated practice, and
opportunities for learner engagement. *-*

Knowledge scores increased substantially from 13.28 + 4.12 at
pre-test to 26.94 + 3.87 at post-test. This improvement is
consistent with evidence indicating that technology-enhanced
and immersive learning environments can improve educational
outcomes among health-professions students. Recent reviews
have reported benefits of augmented and mixed reality for
knowledge acquisition, procedural learning, learner engagement,
and clinical competency. 5-7 Studies specifically examining AR-
supported nursing education have also reported positive learner
perceptions and educational benefits, suggesting that interactive
visualization may facilitate the integration of theoretical
information with procedural learning. 8-*°

The improvement across theoretical knowledge, procedural
steps, infection control, complication recognition, and
documentation suggests that the intervention provided relatively
comprehensive exposure to the cognitive components underlying
clinical procedures. The particularly marked improvement in
documentation and reporting may be explained by the structured
presentation of procedural sequences and safety checkpoints
within the AR environment. Such technology can make otherwise
abstract or sequential information more explicit by presenting
visual cues alongside the physical learning environment. This
interpretation is consistent with research showing that AR can
support procedural training through interactive visual
augmentation and guided learning experiences. **-*3

Clinical procedure accuracy scores increased from 16.42 + 5.23
before the intervention to 33.58 + 4.14 after training. This finding
is educationally important because procedural competence
requires not only knowledge of a procedure but also the ability to
translate that knowledge into accurate psychomotor
performance. Previous research has demonstrated that AR-
supported training can enhance practical skill acquisition and
provide learners with interactive guidance during clinical or
technical procedures. **-¢

The greatest improvement was observed for intramuscular
injection accuracy, with a mean difference of 3.58. This result may
reflect the suitability of AR for procedures in which anatomical
orientation, positioning, sequencing, and safety checkpoints are
particularly ~ important. = Three-dimensional = anatomical
augmentation has previously been used to support nursing-skills
training by superimposing anatomical information onto physical
models, potentially improving learners’ visualization of
underlying structures and procedural relationships. 7 The
observed improvement may therefore be attributable, at least in
part, to the combination of visual anatomical information,
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sequential instructions, and repeated practice incorporated into
the present intervention.

Urinary catheterization accuracy also improved substantially,
with a mean difference of 3.46. Although the magnitude of
improvement in the present study is encouraging, comparisons
with previous literature should be interpreted cautiously because
AR interventions differ considerably in technology, duration,
instructional design, assessment instruments, and comparator
conditions. Existing evidence nevertheless indicates that
augmented and mixed-reality approaches can support the
acquisition of clinical and procedural skills by combining
simulated practice with interactive visual information. 7, 8, °
The significant improvements observed for wound dressing,
endotracheal suctioning, and medication administration further
indicate that the intervention was not restricted to a single
procedural domain. This is consistent with emerging evidence on
AR-supported nursing-skills education, including procedural
training and medication-administration learning.*°,*22° The
broader literature also suggests that the effectiveness of
immersive technologies may depend on the characteristics of the
procedure and the instructional design rather than on the
technology alone.*,” Thus, the present findings may reflect the
combined effect of AR visualization, guided practice, repetition,
and immediate feedback rather than AR exposure in isolation.
The private nursing college demonstrated significantly higher
post-test accuracy scores than the public college (p = 0.039),
despite the absence of a significant difference in pre-test scores.
This pattern suggests that institutional context may influence the
implementation or uptake of technology-supported learning.
Possible explanations include differences in access to
technological resources, instructor availability, student-to-faculty
ratios, technical support, or familiarity with digital learning
environments. However, these factors were not directly
measured in the present study and should therefore be regarded
as plausible explanations rather than established determinants.
Previous research has emphasized that the successful
implementation of AR and mixed-reality education depends not
only on technological capability but also on learner acceptance,
instructional integration, and institutional readiness. &, 2%, 22
Importantly, the absence of a significant baseline difference
suggests that the higher post-test performance in the private
institution was not simply attributable to substantially different
pre-intervention competency levels. Nevertheless, because the
present study did not include random allocation or a control
group within each institution, institutional differences cannot be
interpreted as evidence of differential causal effectiveness of AR.
The findings provide empirical support for the educational
principles underlying experiential learning and deliberate
practice. AR-based training permits learners to interact with
procedural information while performing tasks in a physical
learning environment, thereby creating opportunities to connect
conceptual understanding with practical experience. Repeated
performance, focused attention on individual procedural steps,
and immediate feedback are also compatible with the principles
of deliberate practice. Evidence from nursing and health-
professions education suggests that immersive technologies can
facilitate this integration of knowledge and practical skill. 3, 7, 23
The simultaneous improvement in knowledge and clinical
procedure accuracy further suggests that AR may help reduce the
traditional separation between classroom-based theoretical
instruction and skills-laboratory practice. Rather than presenting
procedural information exclusively through static text or
conventional demonstration, AR can provide contextualized
visual cues during learning. This feature may be particularly
useful for procedures requiring spatial understanding,
sequencing, anatomical orientation, or recognition of safety-

critical steps. Research involving three-dimensional anatomical
augmentation and AR procedural training provides support for
this pedagogical mechanism. *7, 2°

The findings of the present study are broadly consistent with the
expanding international literature on AR and mixed reality in
health-professions education. Recent systematic reviews and
scoping reviews have reported potential benefits in knowledge
acquisition, practical skills, learner engagement, confidence, and
clinical competency, while also emphasizing heterogeneity
among interventions and study designs. 7, 2%, 2° Evidence from
nursing education includes AR-supported procedural training,
medication-administration education, and immersive simulation,
although the strength and consistency of effects vary across
educational outcomes. ?, 12, 2°

The present findings are also consistent with studies
demonstrating that AR can support practical performance
through interactive visualization and simulation. For example,
research involving nursing skills has explored three-dimensional
anatomical augmentation over mannequins, while other studies
have examined AR-supported training for specific clinical
procedures. '7,2°,26 These findings collectively indicate that AR
may be particularly valuable when educational tasks require
learners to understand relationships between anatomical
structures, procedural sequences, and safety-critical actions.
However, the international literature also demonstrates that AR
should not be considered uniformly superior to conventional
education. Differences in intervention duration, hardware,
application design, learner characteristics, outcome measures,
and comparator groups can produce heterogeneous findings. *,’
Therefore, the present results should be interpreted as evidence
supporting AR as a potentially effective educational adjunct
rather than as evidence that AR universally replaces established
simulation or clinical teaching approaches.

The findings have several implications for nursing education and
clinical preparation. First, AR-based learning could be
incorporated into nursing curricula as a supplementary strategy
for developing procedural competence. Rather than replacing
instructor-led demonstrations, simulation laboratories, or
supervised clinical placements, AR may provide an additional
layer of preparation before students perform procedures on
mannequins or patients.

Second, the results support the value of repetitive, self-directed
practice. Smartphone-based AR can allow students to review
procedural sequences outside conventional classroom sessions
and repeat selected components according to their learning
needs. Such flexibility may be particularly valuable in settings
where access to simulation laboratories, equipment, or clinical
placement opportunities is limited. Reviews of AR and mixed-
reality applications have similarly identified flexibility,
visualization, and repeated practice as important potential
advantages. 7, 12

Third, AR may help standardize the presentation of procedural
information by providing students with consistent visual
instructions and safety checkpoints. This could reduce variability
in exposure to procedural demonstrations, although effective
implementation would still require appropriately trained faculty
and integration with established competency-assessment
procedures. Finally, the observation that students in both private
and public institutions demonstrated significant improvements
suggests that smartphone-based AR has potential for
implementation across different educational environments. The
high smartphone ownership observed in the present sample
(95.2%) further supports the practical feasibility of a
smartphone-delivered approach within the study population.
This study has several strengths. First, it addresses an important
evidence gap by examining AR-supported nursing education
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within the Pakistani context, where empirical evidence remains
comparatively limited. Second, the inclusion of 250 nursing
students provides a substantial sample for evaluating pre- to
post-intervention changes. Third, inclusion of both private and
public nursing colleges permitted examination of outcomes
across different institutional settings. Fourth, the use of validated
knowledge and clinical-procedure assessment instruments
strengthens the methodological credibility of the outcome
assessment. Fifth, the study evaluated both cognitive and
psychomotor outcomes rather than relying exclusively on learner
satisfaction or self-reported perceptions. This multidimensional
assessment provides a more meaningful indication of whether
AR-supported  education translated into  measurable
improvement in clinical learning outcomes. Finally, the
smartphone-based delivery model reflects a potentially scalable
approach that may be more feasible in resource-constrained
educational settings than specialized head-mounted AR systems.

Limitations

While this study provides valuable insights into the effectiveness

of AR-based training for nursing students, several limitations

should be acknowledged:

1. Single-group design: The absence of a control group limits the
ability to establish causality definitively, as improvements
could potentially be attributed to factors other than the AR
intervention, such as the natural course of learning or the
Hawthorne effect.

2.Single geographic location: The study was conducted in
Multan, Pakistan, which may limit the generalizability of
findings to other regions of Pakistan or other countries.

3. Purposive sampling: The use of purposive sampling may
introduce selection bias, as students who agreed to participate
may differ from those who declined.

4. Self-reported data: The reliance on self-reported knowledge
may be subject to social desirability bias, with participants
potentially overreporting their knowledge in the post-test.

5.Short follow-up period: The post-test assessment was
conducted at four weeks post-intervention, which may not
capture the sustainability of knowledge and skill improvement
over the longer term.

Future research should address these limitations by employing
randomized controlled trial designs, including control groups,
utilizing multi-center sampling, incorporating objective outcome
measures, extending the follow-up period, evaluating the
effectiveness of AR training in diverse populations and settings,
and assessing the cost-effectiveness of AR-based training
compared to traditional methods

CONCLUSION

This study demonstrated significant improvements in nursing
students’ knowledge and clinical procedure accuracy following
smartphone-based augmented reality (AR) training at private and
public nursing institutions in Multan, Pakistan. Mean knowledge
scores increased from 13.28 + 4.12 to 26.94 + 3.87, while clinical
procedure accuracy improved from 16.42 + 5.23 to 33.58 = 4.14
(both p < 0.001). Although post-test accuracy was significantly
higher among students from the private institution, significant
improvements were observed across both settings. These
findings support the potential of AR as a complementary
approach to conventional nursing education by facilitating
interactive, structured, and repeatable procedural learning.
Smartphone-based AR may be particularly feasible in resource-
constrained settings. Future multicenter studies using
randomized controlled designs and longer follow-up are
warranted to confirm effectiveness and determine retention of
clinical competence.
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