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The utilisation of Technology-Enhanced Learning (TEL) methods in the field of
nursing education provides students with the opportunity to engage in risk-
free practice of clinical skills through the utilisation of interactive simulations
and virtual laboratories. The incorporation of digital tools, such as e-learning
modules and online assessments, facilitates enhanced knowledge retention
and offers flexible learning opportunities that are tailored to the individual
learning pace of the student. This literature review aims to summarize, analyze,
and evaluate the effectiveness of TEL methods for developing knowledge and
practical skills among nursing students. This literature review will assess meth-
ods utilized to enhance TEL skills among nursing students. Scientific publica-
tions in English languages published between 2013 and 2023 will be analyzed.
Searches will be conducted in electronic databases including PubMed, Wiley
library, SCOPUS, and Web of Science. The findings of seven studies were sub-
jected to analysis. The findings of the review suggest that the utilisation of TEL
learning methodologies has a beneficial impact on the skills and knowledge
acquisition of nursing students. The integration of TEL educational interven-
tions into nursing education has been demonstrated to be an effective ap-
proach for developing the knowledge and competencies of nursing students.
The incorporation of digital educational interventions in nursing education
has been demonstrated to result in higher knowledge scores and a reduction
in cognitive load, thereby enabling students to engage more fully with the
learning material.
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Introduction

The landscape of nursing education is undergoing a transformative shift,
driven by the increasing complexity of healthcare demands and the necessity
for nurses to possess a diverse set of competencies (Tiago & Mitchell, 2024).

Klancar, A, Stemberger, T, Prosen, M., & Li¢en, S. (Eds.). (2025). International Perspectives
on Effective Teaching and Learning in Digital Education. University of Primorska Press.
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Using TEL in nursing education helps students learn in a more engaging way
and gives them the skills they need to meet the changing needs of patients
in the digital age (Raman, 2015). It has been demonstrated that TEL, including
simulation-based learning and virtual training programmes, can markedly
enhance the competencies of nursing students (Elendu et al., 2024). For ex-
ample, Rahimi et al. (2023) showed that a virtual training programme for nurse
educators aimed at improving cultural competence led to increased self-effi-
cacy and cultural competence across various dimensions after the interven-
tion. Similarly, Salifu et al. (2022) emphasised that immersive, student-cen-
tred, and experiential teaching strategies, including simulation-based clinical
education, are more effective in developing clinical competence among
nursing students in Ghana. These approaches facilitate student engagement
while accommodating diverse learning styles, thereby enhancing overall ed-
ucational outcomes (EI-Sabagh, 2021). Altmiller et al. (2024) and Philip (2015)
highlighted the value of screen-based patient simulations in providing nurs-
ing students with multiple opportunities to demonstrate their competencies
in diverse contexts, which is crucial for competency-based education. This is
consistent with the findings of Gradellini et al. (2023) who observed that ed-
ucators with the requisite pedagogical competence can employ experiential
learning to facilitate the development of intercultural competence among
nursing students. The global health landscape calls for nursing education
that embraces a broad spectrum of competencies, such as cultural compe-
tence, informatics, digital and clinical skills. As stated by Satoh et al. (2020),
the World Health Organization (WHO) places significant emphasis on the
incorporation of global health competencies within nursing curricula, with
the objective of preparing nurses for practice in diverse environments. This
integration is considered to be of paramount importance in order to develop
a workforce capable of addressing the complex health needs of populations
worldwide. The literature indicates that digital or simulation-based learning,
competency-based education and the integration of informatics are crucial
for enhancing the skills of nursing students. As the nursing education sector
evolves to align with the demands of modern healthcare, it is vital to priori-
tise innovative teaching methods that foster a competent and capable nurs-
ing workforce.

The Aim of This Review

To evaluate the effectiveness of various TEL interventions in achieving sig-
nificant improvements across different learning styles and competencies in
nursing education.
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Figure1 PRISMA Flow Diagram of this Scoping Review

Review Question
How effective are TEL interventions in enhancing learning outcomes across
different learning styles and competencies in nursing education?

Materials and Methods

In this study, we conducted a literature review following the Reporting Items
for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR (Triccco et al., 2018)) (Figure 1), and used the Participants, Inter-
ventions, Comparison, Outcomes (PICO) framework, as shown in Table 1.

Method of Searching for Evidence

The analyzed articles were collected from databases including PubMed,
SCOPUS, Wiley Library, and Web of Science using specific keywords and
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Table1 Inclusion and Exclusion Criteria for the Review

Inclusion Criteria Exclusion Criteria

Nursing students Nurses

Published in English Not original research: opinion, editorial, conference
Published from 2013-2023 abstract, systematic reviews,

Randmised controrold trials (RCTS) articles not available in English

Boolean operators: Learning OR digital learning AND Digital skill* AND Nurs-
ing student* AND ‘Randomized control trial. All sources were academic pub-
lications featuring a randomized control trial research design and had under-
gone peer review. This review focused on the following elements:

— Population: nursing student(s)
— Intervention: TEL interventions in digital skills
— Comparison: nursing students without digital skills

Outcome: Effectivness of education interventions on digital skills
The source selection criteria are presented in Table 1. The search for sources
was carried out from 01.08.2024 to 31.08.2024.

Data Charting and Extraction

A three-step screening process was used, with each step evaluated in MS Ex-
cel. In the first step, we reviewed the article titles and abstracts. In the second
step, we identified and categorized articles that met the inclusion criteria and
assessed their quality, with two co-authors independently applying the qual-
ity assessment method by Cerveny et al. (2022). The third step involved data
extraction. The database search initially yielded 244 articles. After removing
duplicates, we proceeded to analyze the titles and abstracts, resulting in the
exclusion of 235 articles based on abstract analysis. Nine articles were select-
ed for full-text review, but after further analysis, two more articles were ex-
cluded. We conducted the data analysis using MAXQDA Analytics Pro (ver-
sion 24.5.1).

Qulity of Analysed Studies

The Jadad scale is a five-point tool used to assess the quality of randomised
trials. A score of three or higher is indicative of high-quality studies (Jadad et
al., 1996). The scale evaluates three key aspects: the description of random
sequence generation (o = no description, 1 = inadequate description, 2 = ad-
equate description), the implementation of blinding (2 = properly described
double-blinding, 1 = inadequately described double-blinding, o = incorrect
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use of double-blinding), and the reporting of participant withdrawals (1 =
reasons and numbers provided, o = not reported).The assessment was con-
ducted independently by the authors. All the studies included get more than
three scores, which means they're all high quality.

Results

In total, we identified seven articles that met the inclusion criteria. The studies
varied in their stated aims, settings, descriptions of participants, interventions
and outcomes measured. Data extraction included author(s), year, country of
research, study aim, design and main findings (Table 2).

Effectiveness of TEL Interventions on Knowledge and Skills

among Nursing Students

In the study by Chang et al. (2021) the mobile app integrated interactive el-
ements such as audio, visual, and haptic stimuli, allowing nursing students
to actively engage with the material. The app provided immediate feedback,
allowing students to detect and correct mistakes, leading to improved skill
performance. The authors found that using a virtual simulation-based mo-
bile learning method had a positive impact on the experimental group. Spe-
cifically, the group that used the app achieved significantly higher scores in
knowledge, medication administration, and nasotracheal suctioning com-
pared to the control group. Additionally, the experimental group reported
notably lower levels of intrinsic and extraneous cognitive load than the con-
trol group. Participants in the experimental group also expressed significant-
ly greater satisfaction compared to those in the control group. The effect
sizes for these differences were large, indicating substantial practical signif-
icance. Furthermore, the statistical power (p < 0.001) of these findings was
very high, suggesting that the results are highly reliable and unlikely to be
due to chance.

According by the study Amaniyan et al. (2020) teaching by the conceptual
map method had statistically significant differences with the control groups
in the visual learning style (p < 0.036). However, no statistically significant dif-
ferences were reported among the groups participating in the conceptual
map method compared with the traditional lecture method in the follow-
ing three learning styles including reading/writing (p < 0.414), auditory (p
< 0.249), and kinesthetic (p < 0.078). Conceptual mapping proved to be an
effective digital intervention feature for visual learners by enhancing interac-
tivity, structuring information visually, and improving knowledge retention.
However, it had limited impact on students with auditory, reading/writing, or
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kinesthetic learning styles, suggesting that blended approaches incorporat-
ing multiple features (e.g., videos, simulations, interactive quizzes) might be
more universally effective.

In Lee et al. (2016) study, participants in the intervention group who re-
ceived mobile-based learning videos showed significantly higher levels of
learning motivation, practice confidence, and class satisfaction compared
to the control group. Although the intervention group also scored higher
in knowledge and skill performance key indicators of fundamental nursing
competency these differences were not statistically significant. Notably, there
were strong positive correlations between learning motivation and class sat-
isfaction (r = 0.725, P < 0.001) as well as between learning motivation and
practice confidence (r = 0.717, P < 0.001). Additionally, a significant positive
correlation was found between class satisfaction and confidence (r = 0.772,
P < 0.001). However, no significant correlations emerged between knowl-
edge or skill performance and any other variables. Mobile-based video clips
allowed students to access instructional materials anytime and anywhere,
leading to greater convenience and autonomy.

Elzeky et al. (2022) found, that the performance of skills did not demon-
strate any significant differences over time, between the groups, or in the
interaction between time and group. In contrast, confidence in skills showed
a significant increase over time, accompanied by a significant time-group ef-
fect and a notable difference between the two groups. Similarly, knowledge
of skills exhibited a significant increase over time, along with a significant
time-group effect and a significant difference between the two groups. Ad-
ditionally, the intensity of skills preparation showed a significant increase
over time, with both a significant time-group effect and a marked difference
between the two groups. Gamification combined with flipped learning ef-
fectively increased motivation, confidence, and preparation but did not sig-
nificantly improve hands-on skill performance. The most impactful features
were leaderboards, points, levels, badges, and immediate feedback mecha-
nisms.

In the study Fernandes Pereira et al. (2016) the mean age of the intervention
group was 22.4 years, while that of the control group was 19.9 years. Upon
examination of variables such as mode hits, average errors, and average test
runs, it became evident that individuals utilising the application achieved
markedly superior results, with an approximate 80% success rate on the pro-
posed items. The intervention group exhibited a mean score of 8.14 + 1.67
points, in comparison to 5.02 *+ 3.21 points for the control group. This illus-
trates a discernible enhancement in efficiency with the app’s usage. The dis-
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tribution of test successes indicated that the lower range of the intervention
group and the upper range of the control group were quite close, suggest-
ing that using the app improves the likelihood of correct responses in med-
ication calculations. Furthermore, the app provides a notable improvement
over using calculators or relying solely on prior mathematical skills, thereby
supporting better technique and significantly reducing errors in practical ap-
plications. The use of the application led to a notable reduction in calculation
errors, improving the overall technique and minimizing potential mistakes in
practical nursing scenarios.

The study by Long et al. (2016) revealed a statistically significant enhance-
ment in overall research proficiency across all three groups (United States/
BSN, Middle East/BSN, United States/MSN) based on pre- and post-test
scores. The EBR tool was designed to be interactive, allowing users to engage
actively with the content. The interactive nature of the tool encourages users
to explore various components at their own pace, which can enhance under-
standing and retention of research skills for EBP. Although specific feedback
mechanisms were not detailed in the contexts, the qualitative data indicat-
ed that users found the tool helpful in improving their online research skills.
However, the study did not reveal a statistically significant proportional dif-
ference in pre- and post-test scores for the ability to distinguish the credibility
of online sources in any of the three groups. Moreover, the study revealed a
statistically significant enhancement in research skills, particularly within the
nutrition population intervention group in comparison to the control group.
This is evidenced by the observed increase in mean pre- and post-test scores
(2.85-2.44 vs. 2.60-2.21). Additionally, the study observed a statistically sig-
nificant proportional difference in pre- and post-test scores for the ability to
assess the credibility of online sources, with the nutrition population inter-
vention group demonstrating superior performance compared to the con-
trol group.

The study by Chang et al. (2022) revealed a notable enhancement in the
experimental group’s medication knowledge scores (PKQ) between the
pre-intervention and post-intervention phases. Furthermore, these scores re-
mained at an elevated level one month following the intervention. Similarly,
the comparison group’s medication knowledge scores (PKQ) demonstrated a
significant increase from the pre-intervention phase to the post-intervention
phase, and remained higher than the pre-intervention scores one month lat-
er. No significant differences were observed in medication knowledge scores
between the experimental and comparison groups immediately following
the intervention. However, one month after the intervention, the experimen-
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tal group, which used the board game, demonstrated significantly higher
medication knowledge scores than the comparison group. Furthermore, the
experimental group (board game) reported significantly higher satisfaction
with the learning experience compared to the comparison group, which re-
ceived a lecture. Students who engaged in board game play demonstrated
better long-term retention of knowledge compared to those who attended
traditional lectures. Students also reported favorable reactions to the board
game learning method, indicating that they found it enjoyable and effective
for increasing their medication knowledge.

Discussion

The incorporation of TEL interventions in nursing education has become a
prominent area of interest in recent years, particularly in view of the evolv-
ing demands of healthcare and the necessity for nurses to acquire a diverse
set of competencies. The findings from analysed of studies highlight the ef-
ficacy of these interventions in enhancing knowledge, skills and overall sat-
isfaction among nursing students. The advent of new digital technologies
has had a profound impact on the field of nursing education, with virtual
simulations emerging as a highly effective pedagogical instrument. A sys-
tematic review conducted by Tolarba (2021) highlighted the growing use of
digital virtual simulation in nursing education. The review emphasised the
potential of such simulations to enhance learning outcomes by providing
realistic clinical scenarios that students can engage with in a controlled envi-
ronment. This is consistent with the findings of Kim et al. (2021), who report-
ed that nursing students perceived virtual simulation as beneficial during
the pandemic caused by the SARS-CoV-2 virus, particularly when traditional
clinical placements were disrupted. The capacity of virtual simulations to
replicate real-world clinical situations allows students to practise critical
skills without the associated risks, thereby fostering a deeper understanding
of nursing competencies. The positive impact of simulation-based educa-
tion on nursing performance and satisfaction has been further corroborated
by Ahmed et al. (2022), who found that simulation significantly improved
nurses’ performance regarding peripherally inserted central catheters in a
neonatal intensive care unit. This study demonstrates how targeted simu-
lation training can facilitate the acquisition of specific clinical skills, thereby
enhancing overall patient care. Similarly, Walsh et al. (2021) emphasised that
virtual simulation experiences offer invaluable opportunities for nursing
students to enhance their learning, reinforcing the notion that such inter-
ventions can effectively bridge the gap between theoretical knowledge and
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practical application. Furthermore, Lee et al. (2023) demonstrated that virtual
reality programmes significantly enhanced nursing students’ competencies
during the pandemic caused by the SARS-CoV-2 virus. This was achieved by
linking previously learned concepts through interactive learning. Aul et al.
(2021) were unequivocal in their assertion that simulation-based education
must be integrated into nursing curricula. They demonstrated that students
who spend a significant portion of their clinical training in simulation en-
vironments demonstrate improved teamwork and clinical decision-making
skills. This finding is of great significance, as it demonstrates the potential
of digital interventions to not only enhance individual competencies but
also foster collaborative skills, which are essential in modern healthcare set-
tings. The use of digital educational interventions, particularly virtual simu-
lations, in nursing education has been shown to significantly enhance the
knowledge, skills and overall satisfaction of nursing students. In light of the
ongoing evolution of the healthcare landscape, it is imperative that nurs-
ing education programmes adopt these innovative approaches in order to
ensure that future nurses are adequately prepared to meet the challenges
of modern healthcare. It is imperative that these digital interventions are
subject to ongoing evaluation and refinement in order to ensure that they
have the greatest possible impact on nursing education and, ultimately, on
patient care outcomes.

Implication for Education

The integration of TEL in clinical training highlights the importance of lever-
aging technological advancements to optimise learning outcomes.Through
the incorporation of mobile applications, gamification, and video-based
learning methodologies, educators can facilitate interactive and engaging
experiences that reinforce practical skills in students.This approach not only
enhances knowledge retention but also fosters student confidence, ensur-
ing they are better prepared for real-world clinical scenarios. The utilisation
of digital tools in education has the potential to extend beyond nursing to
various fields, thereby emphasising the role of technology in modernising
learning environments. Future research should explore the long-term impact
of gamification and mobile applications on clinical decision-making skills, as-
sessing whether digital interventions improve not just knowledge retention
but also critical thinking and adaptability in real-world healthcare settings.
The investigation of personalised adaptive learning systems, which adapt
content based on student progress, has the potential to further optimise
nursing education outcomes.
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Conclusion

The incorporation of TEL interventions in nursing education has been
demonstrated to be an effective strategy for enhancing the knowledge and
skills of nursing students. The studies analysed demonstrate that the utilisa-
tion of various digital tools, such as virtual simulations, mobile applications,

and conceptual mapping, has been shown to significantly improve students

7

performance in critical areas such as medication administration and clini-
cal competencies. These interventions have been shown to lead to higher
knowledge scores and also contribute to reduced cognitive load, allowing
students to engage more fully with the learning material.
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Ucinkovite metode ucenja s pomocjo tehnologije za povecanje znanja in
prakti¢nih vesc¢in med Studenti zdravstvene nege

Uporaba metod tehnolosko podprtega ucenja (angl. technology-enhanced
learning - TEL) v izobrazevanju na podro¢ju zdravstvene nege Studentom
omogoca varno razvijanje klini¢nih ves¢in preko interaktivnih simulacij in vir-
tualnih laboratorijev. Vkljucevanje digitalnih orodij, kot so e-ucenje in spletna
preverjanja znanja, izboljsuje dolgoro¢no pomnjenje informacij ter ponuja pri-
lagodljive u¢ne moznosti, ki so usklajene s posameznikovim ué¢nim tempom.
Namen pri¢ujoCega pregleda literature je povzeti, analizirati in ovrednotiti
ucinkovitost metod TEL pri razvijanju teoreti¢nega znanja in prakti¢nih vescin
Studentov zdravstvene nege. Pregled literature bo zajemal analizo metod,
uporabljenih za izboljsanje TEL-spretnosti pri Studentih zdravstvene nege.
Analizirane bodo znanstvene publikacije v angleSkem jeziku, objavljene med
letoma 2013 in 2023. Iskanje virov bo potekalo v elektronskih bazah podatkoyv,
vklju¢no s PubMed, Wiley Library, SCOPUS in Web of Science. Analiza je zajela
ugotovitve sedmih raziskav. Pregled literature nakazuje, da imajo metode TEL
pozitiven vpliv na pridobivanje znanja in razvoj vescin pri Studentih zdravstve-
ne nege. Integracija izobrazevalnih intervencij TEL v izobrazevanje na podrocju
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zdravstvene nege se je izkazala za ucinkovito strategijo pri razvijanju znanja
in kompetenc Studentov. Uporaba digitalnih izobrazevalnih pristopov vodi do
boljsih u¢nih rezultatov in zmanjsanja kognitivne obremenitve, kar Studentom
omogoca poglobljenejSe ucenje.

Kljucne besede: digitalne metode, zdravstvena nega, Studenti, vescine, znanje
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