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The effectiveness of nursing education using immersive virtual reality or
augmented reality: Systematic review and meta-analysis
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Purpose: This study aims to comprehensively assess the characteristics and effectiveness of immersive virtual reality (VR) or
augmented reality (AR) in nursing education among nursing students and nurses. Methods: A thorough search was conducted
in seven databases (PubMed, Embase, Cochrane Library, CINAHL, RISS, KMbase, and KoreaMed) for randomized controlled
trials (RCTs) published in English or Korean before February 20, 2024. The quality of the included RCTs was assessed using
the revised Cochrane Risk of Bias tool for randomized trials. A random-effects model was applied for the meta-analysis using
Review Manager 5.4. Results: Out of the 15,840 studies extracted, ten were selected. Of those ten, the majority (six, 60%)
were conducted on education dealing with specific nursing situations. In addition to the use of immersive VR or AR during
nursing education, lectures, debriefing, and discussion processes were applied together, and device usage orientation was also
provided. The meta-analyses showed that immersive VR or AR in nursing education significantly improved knowledge
(standardized mean difference, SMD=2.64; 95% confidence interval, 95% CI=1.10~4.17) and skills (SMD=0.58, 95%
CI=0.02~1.15). Conclusion: Immersive VR or AR in nursing education can effectively enhance knowledge and skills. However,
for their development and implementation, various factors should be considered, and these findings are expected to provide
valuable evidence regarding that concern.
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(n=9,802)

Reports excluded:

2. Not matched interventions (n=57)
3. Not RCT studies (n=175)

4. Not in English or Korean (n=4)

5. Grey literature (n=47)

6. Original article not found (n=38)

RCT=randomized controlled trial

Figure 1. PRISMA flow chart of the study selection
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

[= Il il 1
0% 25% 50% 75% 100%

. Low risk of bias ]:| Some concerns . High risk of bias

. Low risk of bias
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. High risk of bias

=3 | Bias arising from the randomization process

Chen and Liou, 2023 [30]

~ | @ | Overall risk of bias

Chou et al., 2024 [32] | ‘2

Ha etal., 2022 [33] | (2

) . . . Bias due to deviations from intended interventions

Kim and Park, 2022 [36] | '?

Kim and Park, 2022 [37] | ' ?

Lee etal., 2023 [35] | ' ?

Lee et al., 2024 [34] | (?

AL JIL I

Mayor Silva et al., 2023 [39] | ' ?

Shujuan et al., 2022 [38] | ' ?

® D -~ 0O ® ® ®|® |~ |Biasin measurement of the outcome
. . . . . . . . . . Bias in selection of the reported result
-3

. . . . . . . . . . Bias due to missing outcome data

LI

Wang et al., 2022 [31] | ' ?

Figure 2. Quality assessment of selected studies (ROB 2.0)
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chen&Liou, 2023 [30) 1878 11 46 1808 16 49 17.0% 0.50 [0.09, 0.91] =
Kim & Park, 2022 [36] 837 14 48 761 19 46 155% 8.11[6.86, 9.36] el
Kim & Park, 2022 [37] 887 22 47 806 19 47 166% 3.91[3.21,4.61] =
Lee et al., 2023 [35] 1772 06 75 1592 059 76 16.9% 3.01[2.54, 3.48] 3
Lee et al., 2024 [34] 1373 12 33 1348 15 33 169% 0.18 [-0.30, 0.67] =
Shujuan etal., 2022[38] 148 124 49 1413 87 52 17.0% 0.62[0.22, 1.02] i
Total (95% Cl) 298 303 100.0% 2.64[1.10,4.17] -
Heterogeneity: Tau? = 3.57; Chi? = 262.11, df = 5 (P < 0.00001); I = 98% S g2 . L i

Test for overall effect: Z = 3.36 (P = 0.0008)

Figure 3-A. Effect on knowledge

Favours [control] Favours [experimental]

Experimental Control Std. Mean Difference Std. Mean Difference

r rou Mean D Total Mean D Total Weigh 1V, Random. 95% Cl IV. Random. 95% Cl
Chen & Liou, 2023 [30] 32.52 1.3 46 29.71 1.5 49 14.0% 1.98 [1.49, 2.48] e
Ha et al., 2022a [33] 955 2.78 36 96.6 246 35 14.1% -0.41 [-0.89, 0.06] ==
Ha et al., 2022b [33] 975 2.02 35 97.8 282 35 14.2% -0.12 [-0.59, 0.35] <
Mayor Silva et al., 2023 [39] 8.78 0.63 50 7.45 135 50 14.4% 1.25[0.82, 1.68] e
Shujuan et al,, 2022 [38] 275 6.5 49 252 47 52 14.6% 0.40[0.01, 0.80] T
Wang et al., 2022a [31] 9569 537 42 9198 9.31 41 14.4% 0.49 [0.05, 0.92] —
Wang et al., 2022b [31] 73.07 10.99 42 6744 10.65 41 14.3% 0.52 [0.08, 0.95] i
Total (95% CI) 299 303 100.0% 0.58 [0.02, 1.15] i
Heterogeneity: Tau? = 0.52; Chi? = 66.75, df = 6 (P < 0.00001); I*=91% _=2 _=1 0 T; é

Test for overall effect: Z = 2.04 (P = 0.04)

Figure 3-B. Effect on skills

Favours [control] Favours [experimental]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Ha et al., 2022a [33] 193.3 20.33 35 189.3 18.03 35 14.2% 0.21[-0.26, 0.68] N
Haet al., 2022b [33] 126.2 13.09 35 1256 12.57 35 14.2% 0.05[-0.42, 0.51] -1
Ha et al., 2022¢ [33] 436 6.22 35 425 511 35 14.2% 0.19 [-0.28, 0.66] I
Lee et al., 2023a [35] 2474 055 75 227 054 76 14.1% 3.72[3.19, 4.26] =
Lee et al., 2023b [35] 29.65 048 75 295 048 76 14.6% 0.31 [-0.01, 0.63] ™
Lee et al., 2024 [34] 13.27 479 33 1252 3.06 33 14.2% 0.18 [-0.30, 0.67] -
Shujuan et al., 2022 [38] 6.4 12 49 55 1.5 52 14.4% 0.66 [0.25, 1.06] -
Total (95% CI) 337 342 100.0% 0.75 [-0.07, 1.58] ".'
Heterogeneity: Tau? = 1.19: Ghi? = 149.50, df = 6 (P < 0.00001); I* = 96% 7‘4 ‘2 . é Jt
Test for overall effect: Z = 1.76 (P = 0.07) Favours [control] Favours [experimental]
Figure 3-C. Effect on confidence
Experimental Control Std. Mean Difference Std. Mean Difference
1dy or Subgrour ean a an a eig andom, 95% CI IV, R % Cl
Ha et al., 2022 [33] 76.3 1008 35 733 7.53 3B 51.1% 0.33[-0.14,0.81]
Lee et al., 2024 [34] 906 1.09 33 755 173 33 489% 1.03[0.52, 1.55] i
Total (95% CI) 68 68 100.0% 0.67 [-0.01, 1.36]
1 1 1 1
Heterogeneity: Tau® = 0.18; Chi* = 3.84, df = 1 (P = 0.05); I = 74% _'2 _'1 ('] 1' 2'

Test for overall effect: Z = 1.93 (P = 0.05)

Figure 3-D. Effect on learning satisfaction

Favours [control] Favours [experimental]

Figure 3. Forest plot of immersive virtual reality or augmented reality in nursing education programs
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Appendix 1. Search Strategies (PubMed)

No.  Search terms Results
#1 “Nurses”[MeSH Terms] 101,327
#2 “Students, nursing”’[MeSH Terms] 32,026
#3 “Nurs*”[Title/Abstract] 562,082
#4 #1 OR #2 OR #3 603,223
#5 “Virtual Reality”[MeSH Terms] 6,858
#6 “Virtual realit*”[Title/Abstract] OR “VR’[Title/Abstract] OR “Virtual*”[Title/Abstract] 194,371
#7 #5 OR #6 194,902
#8 “Augmented Reality”[MeSH Terms] 1,517
#9 “Augmented realit*”[Title/Abstract] OR “Mixed realit*”[Title/Abstract] OR “Augment*”’[Title/Abstract] 233,523
#10 #8 OR #9 233,540
#11 #7 OR #10 423,140
#12 “Education, nursing”’[MeSH Terms] 90,934
#13 “Nursing education[Title/Abstract] OR “Nurse education”[Title/Abstract] OR “Education of nursing” 3,744,659

[Title/Abstract] OR “Train*”[Title/Abstract] OR “Mentor*”’[Title/Abstract] OR “Instruct*’[Title/Abstract] OR

“Learn*”[Title/Abstract] OR “Educa*”[Title/Abstract] OR “Teach*[Title/Abstract] OR “Simulat*”’[Title/ Abstract]

OR “Practice*”[Title/ Abstract]
#14 #12 OR #13 3,776,563
#15 #11 AND #14 92,209
#16 #4 AND #15 3,873
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