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Results
Table 1: Descriptive tables
Lecture Type
	
	Lecture Type

	Characteristic 
	Total
N = 55
	PowerPoint
N = 27
	Virtual Reality
N = 28

	Age
	
	
	

	· 20-25
	30 (54.55%)
	15 (55.56%)
	15 (53.57%)

	· 26-30
	21 (38.18%)
	11 (40.74%)
	10 (35.71%)

	· 31-35
	3 (5.45%)
	1 (3.70%)
	2 (7.14%)

	· 36 +
	1 (1.82%)
	0 (0.00%)
	1 (3.57%)

	Gender
	
	
	

	· Male
	29 (52.73%)
	19 (70.37%)
	10 (35.71%)

	· Female
	25 (45.45%)
	8 (29.63%)
	17 (60.71%)

	· Non-Binary
	1 (1.82%)
	0 (0.00%)
	1 (3.57%)

	· Prefer not to answer
	0 (0.00%)
	0 (0.00%)
	0 (0.00%)

	Medical school year
	
	
	

	· 1
	31 (56.36%)
	14 (51.85%)
	17 (60.71%)

	· 2
	17 (30.91%)
	7 (25.93%)
	10 (35.71%)

	· 3
	7 (12.73%)
	6 (22.22%)
	1 (3.57%)

	· 4
	0 (0.00%)
	0 (0.00%)
	0 (0.00%)

	Medical school
	
	
	

	· MSU
	34 (61.82%)
	15 (55.56%)
	19 (67.86%)

	· UICOMP
	21 (38.18%)
	12 (44.44%)
	9 (32.14%)

	Number of times you have used virtual reality prior to your lecture
	
	
	

	· 0-1
	30 (54.55%)
	12 (44.44%)
	18 (64.29%)

	· 2-5
	21 (38.18%)
	13 (48.15%)
	8 (28.57%)

	· 6 +
	4 (7.27%)
	2 (7.41%)
	2 (7.14%)

	Number of breaks
	
	
	

	· 0
	31 (56.36%)
	18 (66.67%)
	13 (46.43%)

	· 1
	13 (23.64%)
	7 (25.93%)
	6 (21.43%)

	· 2
	5 (9.09%)
	0 (0.00%)
	5 (17.86%)

	· 3
	2 (3.64%)
	0 (0.00%)
	2 (7.14%)

	· 4 +
	4 (7.27%)
	2 (7.41%)
	2 (7.14%)

	Reasons for break
	N = 24
	N = 9
	N = 15

	· Discomfort
	3 (12.50%)
	1 (11.11%)
	2 (13.33%)

	· Tech Issue
	11 (45.83%)
	1 (11.11%)
	10 (66.67%)

	· Distraction
	5 (20.83%)
	5 (55.56%)
	0 (0.00%)

	· Phone call or text
	1 (4.17%)
	1 (11.11%)
	0 (0.00%)

	· Other
	4 (16.67%)
	1 (11.11%)
	3 (20.00%)

	If Other, then why?
	N = 4
	N = 1
	N = 3

	· “Bathroom”
	1 (25.00%)
	0 (0.00%)
	1 (33.33%)

	· “Standing too long”
	1 (25.00%)
	0 (0.00%)
	1 (33.33%)

	· “Threw trash away and sanitized hands”
	1 (25.00%)
	1 (100.00%)
	0 (0.00%)

	· “None
	1 (25.00%)
	0 (0.00%)
	1 (33.33%)


· Normally distributed numeric variables are expressed as mean ± standard deviation and analyzed using a two-sample independent t-test
· Not normally distributed numeric variables are expressed as median [25th, 75th percentile] and analyzed using a Wilcoxon Rank Sum.
· Categorical variables are expressed as frequency (percent) and analyzed using Chi-Square. If >20% of the expected counts in a cell are less than 5, then a Fisher’s Exact Test was used. This is denoted by an asterisk (*).

Table 2: Lecture Type vs CSF
A Chi-Square test was performed to determine if the proportion of students in the virtual reality intervention differ in their response to CSF compared to those in the powerpoint intervention.
	
	
	Lecture Type

	Characteristic: 
CSF
	Total
N = 55
	PowerPoint
N = 27
	Virtual Reality
N = 28
	P-Value


	Yes
	38 (69.09%)
	19 (70.37%)
	19 (67.86%)
	0.5400

	No
	16 (29.09%)
	7 (25.93%)
	9 (32.14%)
	

	Unknown
	1 (1.82%)
	1 (3.70%)
	0 (0.00%)
	





· With a corresponding p-value of 0.5400, there is no statistically significant evidence to suggest a difference in the response to CSF for the proportion of students in the virtual reality intervention compared to those in the powerpoint intervention.


Table 3: Lecture Type vs Number of “Yes” or “Partial” on Rubric
A two-sample independent t-test was performed to compare the average difference in the number of “yes” or “partial” on the rubric for the lecture types.
	
	
	Lecture Type

	Characteristic: 

	Total
N = 55
	PowerPoint
N = 27
	Virtual Reality
N = 28
	P-Value


	Number of “Yes” or “Partial” on rubric
	12.2 ± 2.0
	12.3 ± 2.0
	12.1 ± 2.1
	0.7333




· With a corresponding p-value of 0.7333, there is no statistically significant evidence to suggest a difference in the average number of “yes” or “partial” on the rubric for the lecture types.


Table 4: Lecture Type vs Surveys
A Wilcoxon Rank Sum test was performed to compare the difference of the median scores of each survey for the lecture types.
	
	
	Lecture Type

	Characteristic: 
Surveys
	Total
N = 55
	PowerPoint
N = 27
	Virtual Reality
N = 28
	P-Value


	Level of Enjoyment
	4.0 [4.0, 5.0]
	4.0 [4.0, 5.0]
	5.0 [4.0, 5.0]
	0.0232

	Level of Perceived Effectivess
	4.0 [4.0, 5.0]
	4.0 [4.0, 4.0]
	4.0 [4.0,  5.0]
	0.0265

	Level of Entertainment
	3.0 [2.0, 3.0]
	3.0 [2.0, 4.0]
	2.0 [1.0, 3.0]
	0.0308

	Level of Confidence
	4.0 [3.0, 4.0]
	4.0 [3.0, 4.0]
	4.0 [3.0, 4.0]
	0.7719

	Level of Fun
	4.0 [3.0, 5.0]
	4.0 [3.0, 4.0]
	4.5 [4.0, 5.0]
	0.0002

	Level of Recommendation
	4.0 [4.0, 5.0]
	4.0 [4.0, 5.0]
	5.0 [4.0, 5.0]
	0.0569

	Level of Satisfaction
	4.0 [4.0, 4.0]
	4.0 [4.0, 4.0]
	4.0 [4.0, 4.5]
	0.6276







· With a corresponding p-value of 0.0232, there is statistically significant evidence to suggest a difference in the median score for the level of enjoyment between the lecture types. More specifically, the students in the virtual reality intervention enjoyed learning how to perform an ultrasound guided lumbar puncture more than those in the powerpoint intervention (5.0 vs 4.0).
· With a corresponding p-value of 0.0265, there is statistically significant evidence to suggest a difference in the distribution for the level of perceived effectiveness between the lecture types. More specifically, the students in the virtual reality intervention agreed that the teaching methods were effective to understand how to perform ultrasound guided lumbar puncture more than those in the powerpoint intervention.
· With a corresponding p -value of 0.0308, there is statistically significant evidence to suggest a difference in the median score for the level of entertainment between the lecture types. More specifically, the students in the virtual reality intervention disagreed that at times the lecture was boring more than those in the powerpoint intervention (2.0 vs 3.0).
· With a corresponding p -value of 0.0002, there is statistically significant evidence to suggest a difference in the median score for the level of fun between the lecture types. More specifically, the students in the virtual reality intervention agreed that the class was fun more than those in the powerpoint intervention (4.5 vs 4.0).
· With corresponding p-values of 0.7719, 0.0569, and 0.6276, there is no statistically significant evidence to suggest a difference in the median scores for the levels of confidence, recommendation, and satisfaction.

	
	
	Lecture Type: Virtual Reality (N = 28)

	Characteristic: 
Symptoms
	No
 Symptoms
	Minimal
 Symptoms
	Moderate Symptoms
	Severe Symptoms

	Dizziness
	18 (64.29%)
	8 (28.57%)
	2 (7.14%)
	0 (0.00%)

	Nausea
	20 (71.43%)
	7 (25.00%)
	1 (3.57%)
	0 (0.00%)

	Headaches
	13 (46.43%)
	14 (50.00%)
	0 (0.00%)
	1 (3.57%)

	Eye pain
	16 (57.14%)
	7 (25.00%)
	5 (17.86%)
	0 (0.00%)


 Table 5: Virtual Reality vs Symptoms




8/28 with no symptoms, 15/28 with one or more symptoms


Table 6: Lecture Type vs Performance
A Wilcoxon Rank Sum test was performed to compare the difference of the median number of needle insertions for the lecture types. A two-sample independent t-test was performed to compare the average difference in procedure duration in minutes for the lecture types. A Fisher’s exact test was performed to determine if the proportion of students in the virtual reality intervention differ in their response to prior LP performance compared to those in the powerpoint intervention.
	
	
	Lecture Type

	Characteristic: 

	Total
N = 55
	PowerPoint
N = 27
	Virtual Reality
N = 28
	P-Value


	Needle insertions
	2.0 [1.0, 3.0]
	2.0 [1.0, 3.0]
	2.0 [1.0, 3.0]
	0.2538

	Procedure duration (minutes)
	13.4 ± 6.9
	14.1 ± 8.7
	12.7 ± 4.6
	0.4515

	Procedure duration (minutes) with outlier removed
	12.7 ± 4.8
	N = 26
12.8 ± 5.0
	12.7 ± 4.6
	0.9667

	Number of times you have performed LP prior to your lecture
	
	
	
	0.0232

	· 0
	50 (90.91%)
	22 (81.48%)
	28 (100.00%)
	

	· 1
	5 (9.09%)
	5 (18.52%)
	0 (0.00%)
	



· With a corresponding p-value of 0.2538, there is no statistically significant evidence to suggest a difference in the median number of needle insertions for the lecture types.
· With corresponding p-value of 0.4515, there is no statistically significant evidence to suggest a difference in the average procedure duration in minutes for the lecture types.
· With a corresponding p-value of 0.0232, there is statistically significant evidence to suggest a difference in the response to prior LP performance for the proportion of students in the virtual reality intervention compared to those in the powerpoint intervention.














Table 7: (MSU) Lecture Type vs Surveys
A Wilcoxon Rank Sum test was performed to compare the difference of the median scores of each survey for the lecture types.
	
	
	Lecture Type

	Characteristic: 
Surveys
	Total
N = 34
	PowerPoint
N = 15
	Virtual Reality
N = 19
	P-Value


	Level of Enjoyment
	4.0 [4.0, 5.0]
	4.0 [4.0, 5.0]
	5.0 [4.0, 5.0]
	0.0226

	Level of Perceived Effectivess
	4.0 [4.0, 5.0]
	4.0 [4.0, 5.0]
	5.0 [4.0,  5.0]
	0.1186

	Level of Entertainment
	2.0 [2.0, 3.0]
	3.0 [2.0, 3.0]
	2.0 [1.0, 3.0]
	0.1105

	Level of Confidence
	4.0 [3.0, 4.0]
	4.0 [3.0, 4.0]
	4.0 [3.0, 4.0]
	0.1966

	Level of Fun
	4.0 [4.0, 5.0]
	4.0 [3.0, 4.0]
	5.0 [4.0, 5.0]
	0.0002

	Level of Recommendation
	4.0 [4.0, 5.0]
	4.0 [4.0, 4.0]
	5.0 [4.0, 5.0]
	0.0063

	Level of Satisfaction
	4.0 [4.0, 4.0]
	4.0 [4.0, 4.0]
	4.0 [4.0, 5.0]
	0.2673







· With a corresponding p-value of 0.0226, there is statistically significant evidence to suggest a difference in the median score for the level of enjoyment between the lecture types. More specifically, the students in the virtual reality intervention enjoyed learning how to perform an ultrasound guided lumbar puncture more than those in the powerpoint intervention (5.0 vs 4.0).
· With a corresponding p -value of 0.0002, there is statistically significant evidence to suggest a difference in the median score for the level of fun between the lecture types. More specifically, the students in the virtual reality intervention agreed that the class was fun more than those in the powerpoint intervention (5.0 vs 4.0).
· With a corresponding p-value of 0.0063, there is statistically significant evidence to suggest a difference in the median score for the level of recommendation between the lecture types. More specifically, the students in the virtual reality intervention would recommend this lecture to others seeking to understand how to perform ultrasound guided lumbar puncture procedure more than those in the powerpoint intervention (5.0 vs 4.0).
· With corresponding p-values of 0.1186, 0.1105, 0.1966, and 0.2673, there is no statistically significant evidence to suggest a difference in the median scores for the levels of perceived effectiveness, entertainment, confidence, and satisfaction.

Table 8: (MSU) Virtual Reality vs Symptoms
	
	
	Lecture Type: Virtual Reality (N = 19)

	Characteristic: 
Symptoms
	No
 Symptoms
	Minimal
 Symptoms
	Moderate Symptoms
	Severe Symptoms

	Dizziness
	12 (63.16%)
	5 (26.32%)
	2 (10.53%)
	0 (0.00%)

	Nausea
	14 (73.68%)
	4 (21.05%)
	1 (5.26%)
	0 (0.00%)

	Headaches
	9 (47.37%)
	10 (52.63%)
	0 (0.00%)
	0 (0.00%)

	Eye pain
	10 (52.63%)
	5 (26.32%)
	4 (21.05%)
	0 (0.00%)











Table 9: (MSU) Lecture Type vs Performance
	
	
	Lecture Type

	Characteristic: 

	Total
N = 34
	PowerPoint
N = 15
	Virtual Reality
N = 19
	P-Value


	Needle insertions
	2.0 [1.0, 3.0]
	2.0 [1.0, 3.0]
	3.0 [2.0, 3.0]
	0.1826

	Procedure duration (minutes)
	15.6 ± 7.8
	17.1 ± 10.6
	14.3 ± 4.7
	0.3488

	Procedure duration (minutes) with outlier removed
	14.5 ± 5.0
	N = 14
14.8 ± 5.6
	14.3 ± 4.7
	0.7941

	Number of times you have performed LP prior to your lecture
	
	
	
	0.4412

	· 0
	33 (97.06%)
	14 (93.33%)
	19 (100.00%)
	

	· 1
	1 (2.94%)
	1 (6.67%)
	0 (0.00%)
	


A Wilcoxon Rank Sum test was performed to compare the difference of the median number of needle insertions for the lecture types. A two-sample independent t-test was performed to compare the average difference in procedure duration in minutes for the lecture types. A Fisher’s exact test was performed to determine if the proportion of students in the virtual reality intervention differ in their response to prior LP performance compared to those in the powerpoint intervention.

· With a corresponding p-value of 0.1826, there is no statistically significant evidence to suggest a difference in the median number of needle insertions for the lecture types.
· With a corresponding p-value of 0.3488, there is no statistically significant evidence to suggest a difference in the average procedure duration in minutes for the lecture types.
· With a corresponding p-value of 0.4412, there is no statistically significant evidence to suggest a difference in the response to prior LP performance for the proportion of students in the virtual reality intervention compared to those in the powerpoint intervention.














Table 10: (UICOMP) Lecture Type vs Surveys
A Wilcoxon Rank Sum test was performed to compare the difference of the median scores of each survey for the lecture types.
	
	
	Lecture Type

	Characteristic: 
Surveys
	Total
N = 21
	PowerPoint
N = 12
	Virtual Reality
N = 9
	P-Value


	Level of Enjoyment
	4.0 [4.0, 5.0]
	4.0 [4.0, 4.5]
	5.0 [3.0, 5.0]
	0.6220

	Level of Perceived Effectivess
	4.0 [4.0, 4.0]
	4.0 [4.0, 4.0]
	4.0 [4.0,  5.0]
	0.3722

	Level of Entertainment
	3.0 [2.0, 4.0]
	3.0 [3.0, 4.0]
	3.0 [2.0, 4.0]
	0.2508

	Level of Confidence
	3.0 [3.0, 4.0]
	4.0 [3.0, 4.0]
	3.0 [3.0, 4.0]
	0.1313

	Level of Fun
	4.0 [3.0, 4.0]
	3.5 [3.0, 4.0]
	4.0 [3.0, 5.0]
	0.3940

	Level of Recommendation
	4.0 [4.0, 5.0]
	4.0 [4.0, 5.0]
	4.0 [4.0, 5.0]
	0.5455

	Level of Satisfaction
	4.0 [4.0, 4.0]
	4.0 [4.0, 4.0]
	4.0 [3.0, 4.0]
	0.3049







· With corresponding p-values greater than 0.05, there is no statistically significant evidence to suggest a difference in the median scores of each survey for the lecture types.

	
	
	Lecture Type: Virtual Reality (N = 9)

	Characteristic: 
Symptoms
	No
 Symptoms
	Minimal
 Symptoms
	Moderate Symptoms
	Severe Symptoms

	Dizziness
	6 (66.67%)
	3 (33.33%)
	0 (0.00%)
	0 (0.00%)

	Nausea
	6 (66.67%)
	3 (33.33%)
	0 (0.00%)
	0 (0.00%)

	Headaches
	4 (44.44%)
	4 (44.44%)
	0 (0.00%)
	1 (11.11%)

	Eye pain
	6 (66.67%)
	2 (22.22%)
	1 (11.11%)
	0 (0.00%)


Table 11: (UICOMP) Virtual Reality vs Symptoms




Table 12: (UICOMP) Lecture Type vs Performance
A Wilcoxon Rank Sum test was performed to compare the difference of the median number of needle insertions for the lecture types, and to compare the median difference in procedure duration in minutes for the lecture types. A Fisher’s exact test was performed to determine if the proportion of students in the virtual reality intervention differ in their response to prior LP performance compared to those in the powerpoint intervention.
	
	
	Lecture Type

	Characteristic: 

	Total
N = 21
	PowerPoint
N = 12
	Virtual Reality
N = 9
	P-Value


	Needle insertions
	1.0 [1.0, 2.0]
	1.0 [1.0, 2.5]
	1.0 [1.0, 2.0]
	0.7737

	Procedure duration (minutes)
	9.0 [8.0, 12.0]
	10.0 [8.5, 13.0]
	9.0 [8.0, 9.0]
	0.3129

	Procedure duration (minutes) with outlier removed
	9.0 [8.0, 12.0]
	10.0 [8.5, 13.0]
	9.0 [8.0, 9.0]
	0.3129

	Number of times you have performed LP prior to your lecture
	
	
	
	0.1038

	· 0
	17 (80.95%)
	8 (66.67%)
	9 (100.00%)
	

	· 1
	4 (19.05%)
	4 (33.33%)
	0 (0.00%)
	



· With a corresponding p-value of 0.7737, there is no statistically significant evidence to suggest a difference in the median number of needle insertions for the lecture types.
· With a corresponding p-value of 0.3129, there is no statistically significant evidence to suggest a difference in the median procedure duration in minutes for the lecture types. 
· With a corresponding p-value of 0.1038, there is no statistically significant evidence to suggest a difference in the response to prior LP performance for the proportion of students in the virtual reality intervention compared to those in the powerpoint intervention.
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