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Abstract 

Purpose  We developed EmergenCSim™, a serious game (SG) with an embedded assessment, to teach and assess 
performing general anesthesia for cesarean delivery. We hypothesized that first-year anesthesiology trainees (CA-1) 
playing EmergenCSim™ would yield superior knowledge scores versus controls, and EmergenCSim™ and high-fidelity 
simulation (HFS) assessments would correlate.

Methods  This was a single-blinded, longitudinal randomized experiment. Following a lecture (week 3), trainees took 
a multiple-choice question (MCQ) test (week 4) and were randomized to play EmergenCSim™ (N = 26) or a non-
content specific SG (N = 23). Participants repeated the MCQ test (week 8). Between month 3 and 12, all repeated the 
MCQ test, played EmergenCSim™ and participated in HFS of an identical scenario. HFS performance was rated using a 
behavior checklist.

Results  There was no significant change in mean MCQ scores over time between groups F (2, 94) = 0.870, p = 0.42, 
and no main effect on MCQ scores, F (1, 47) = 1.110, p = 0.20. There was significant three-way interaction between 
time, gender and group, F (2, 90) = 3.042, p = 0.053, and significant two-way interaction between gender and time on 
MCQ scores, F (2, 94) = 107.77, p = 0.036; outcomes improved over time among males. There was no group difference 
in HFS checklist and SG scores. Both instruments demonstrated good internal consistency reliability but non-signifi-
cant score correlation.

Conclusions  Playing EmergenCSim™ once did not improve MCQ scores; nonetheless scores slightly improved 
among males over time, suggesting gender may impact learning outcomes with SGs.
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1  Introduction
Anesthesia-related maternal mortality has decreased 
with reduced use of general anesthesia for cesarean deliv-
ery [1], however, general anesthesia -related complica-
tions in pregnancy remain high [2, 3]. This has raised 
concern about inadequate readiness of anesthesia train-
ees to manage such cases, which are usually emergencies 
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with increased likelihood of serious maternal comorbidi-
ties [4, 5].

Experts advocate high-fidelity simulation (HFS) as the 
surrogate modality for learning and maintaining knowl-
edge and skills [5]. Although effective for teaching, HFS is 
time and resource intensive and its use for teaching about 
this clinical scenario is not mandated by the Accredit-
ing Council for Graduate Medical Education [6, 7]. With 
a minimum requirement of two one-month rotations in 
obstetric anesthesia during a 3-year residency [8] and 
given the cesarean delivery general anesthesia rates of 
5.8% [9] and as low as 0.5–1% [1] in some institutions, it 
is quite possible for residents to graduate without ever 
having encountered this clinical scenario, representing a 
significant experience gap.

Serious three-dimensional (3-D) video games (serious 
games) are immersive virtual platforms with a pedagogi-
cal purpose, increasingly being incorporated into health-
care education [10–12]. They produce realistic scenarios 
where players may conduct decision-making and actions 
from a “first-person shooter” perspective. Video games 
are enjoyed by all genders [13], and evidence of their edu-
cational effectiveness is growing, but that evidence-base 
is still relatively limited, comprising heterogenous and 
mostly low quality studies [14]. Serious games are recog-
nized as promising educational tools due to cost-effec-
tiveness [15, 16], flexibility, portability and scalability [14]; 
however, development costs are prohibitive, which has 
limited their use primarily to high-income settings [14].

With developers, MEDUSIMS (https://​medus​ims.​com/​
en/), we created EmergenCSim™, a novel 3-D English-lan-
guage serious game with an embedded scoring and debriefing 
tool, to teach novice clinical anesthesia‐year one (CA-1)’s to 
perform general anesthesia for emergency cesarean delivery. 
The purpose of this study was to evaluate the effectiveness of 
EmergenCSim™ as an educational and assessment tool. We 
hypothesized that, compared to a control condition (playing 
a non-content specific serious game on anaphylaxis), playing 
EmergenCSim™ would improve novice anesthesia trainees’ 
knowledge regarding general anesthesia for emergency cesar-
ean delivery, as measured by gains in knowledge scores from 
pre-exposure baseline to two post-exposure time points over a 
training year. Additionally, we examined the convergent validity 
and reliability of scores from the embedded EmergenCSim™ 
assessment against the HFS behavior checklist, both employed 
to evaluate residents’ proficiency related to conducting general 
anesthesia for emergency cesarean delivery.

Finally, prompted by evidence regarding differences in 
male versus female perspectives of the educational value 
of serious games and level of interest in serious games 
that mimic clinical practice [17, 18], we examined a 
post-hoc exploratory hypothesis that there would be no 

variability by gender on measured knowledge outcomes 
over time.

2 � Methods
This trial was approved by Columbia University’s Institu-
tional Review Board.

2.1 � Participants
Trainees in 2 consecutive CA-1 classes provided written 
informed consent. Non-inclusion criteria included prior 
post-graduate anesthesiology training.

2.2 � Educational interventions and outcome measures
The educational interventions (lecture, serious games, 
and serious game electronic debriefing), and outcome 
measures (29-item multiple-choice question (MCQ) 
knowledge test—correct answers receive 1 point [19], 
EmergenCSim™ scoring tool, and HFS behavior checklist) 
were developed between February 2016 and June 2017.

The lecture content and all outcome measures cov-
ered the following subdomains: (1) Physiologic Changes 
of Pregnancy, (2) Pharmacology, (3) Anesthetic Implica-
tions of Pregnancy, and (4) Crisis Resource Management 
Principles. The expected actions for EmergenCSim™ and 
HFS scenarios were adapted from a validated 52-item 
behavior checklist [20]. Additional file  1: Appendix A 
contains a detailed description of the development of the 
educational interventions and measurement instruments, 
including a table with the weighted scoring tools for the 
game and HFS scenario.

2.3 � Study flow
2.3.1 � Phase 1: longitudinal experiment
To examine the primary hypothesis predicting knowl-
edge gains over time, the study was a single-blinded, two-
group, longitudinal randomized experiment (Fig. 1).

–	 Week 3 of CA-1 Year:

All participants attended a 60-min lecture, delivered 
by A.J.L., on general anesthesia for emergency cesarean 
delivery.

–	 Week 4 of CA-1 Year (Time 1):

All participants took the MCQ baseline knowledge 
test (Additional file  2: Appendix B), completed a sur-
vey regarding prior videogame experiences, and played 
the serious games while being observed by investigators 
A.J.L. and B.C.

https://medusims.com/en/
https://medusims.com/en/
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Participants were randomized using Bernoulli rand-
omization in R (RStudio, version 3.4.0) to either:

1)	 EmergenCSim™ Group (treatment, N = 27, final 
N = 26): played EmergenCSim™

2)	 Non-content Specific Game Group (control, initial 
N = 25, final N = 23): played anaphylaxis game

A video tutorial explaining how to play the games was 
provided beforehand. The tutorial may be viewed via 
this link: https://​youtu.​be/​LP6Ww​QHPQ4U.

Playing EmergenCSim™  The written prebrief for Emer-
genCSim™ explains that the player is a CA-1 resident 
during their initial obstetric anesthesia rotation and that 
they have been paged to go emergently to the obstetric 
operating room. Upon entering the simulated operating 
room, their avatar (“first-person-shooter” perspective) is 
greeted by the obstetric surgeon positioned next to the 
patient on the operating table, with a vaginally-placed 
hand elevating the fetal head to relieve pressure on the 
umbilical cord. The obstetrician hurriedly reports that 
there is fetal bradycardia secondary to vaginal prolapse of 

the umbilical cord and the parturient needs to be imme-
diately anesthetized for emergency cesarean delivery. 
The player can interact with the patient avatar, perform 
a focused history and physical examination, and may call 
on an attending anesthesiologist avatar for help in pro-
ceeding with the steps to perform general anesthesia. 
At the end of the game, the player’s score and electronic 
debrief are presented (Fig. 2).

Playing the non‑content specific game on anaphy‑
laxis  The player is required to evaluate a non-pregnant 
woman who has developed respiratory distress shortly 
after beginning to receive surgical antibiotic prophylaxis in 
the operating room, before the start of surgery. The player 
is expected to diagnose anaphylaxis, discontinue antibiotic 
administration, provide supplemental oxygen, and admin-
ister intravenous epinephrine and fluid boluses. At the end 
of the game, a brief electronic debrief is presented.

Week 8 of CA‑1 Year (Time 2)  Participants were emailed 
a link to the same MCQ test. Instructions were to com-
plete the questions within 30  min, without researching 
answers.

Fig. 1  Study flow diagram. Trainees received a lecture in Week 3 of clinical anesthesia-year one (CA-1), took a multiple choice question (MCQ) 
pre-test at baseline in Week 4 (Time 1) and were randomized to play either EmergenCSim™ or a Non-content Specific Game. In Week 8 (Time 
2) they took the MCQ test a 2nd time, and between months 3–12 (Time 3) they took the same test a 3rd time and then played EmergenCSim™ 
and participated in a high-fidelity simulation of general anesthesia for emergency cesarean delivery; the order of playing EmergenCSim™ and 
simulation was randomized. SG = Serious Game

https://youtu.be/LP6WwQHPQ4U
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–	 Months 3–12 of CA-1 Year (Time 3):

Participants (i) took the MCQ test for the 3rd time, (ii) 
played EmergenCSim™ (1st time for controls, 2nd time 
for the treatment group) and (iii) participated in HFS 
of a scenario identical to the game. The order of playing 
EmergenCSim™ and HFS was randomized to neutral-
ize order effects; in other words, subjects at this time 
either played EmergenCSim™ first and then participated 
in simulation, or participated in simulation and then 
played EmergenCSim™, the order of which was randomly 
selected.

High‑fidelity simulation  The content for the manne-
quin-based HFS scenario was designed to be as identical 
as possible to the EmergenCSim™ digital simulation, with 
the same actions (behaviors) scored by raters of the vide-
otaped scenario as within the game. Following a prebrief,  
during which A.J.L. explains that she will play the attending  
anesthesiologist in the scenario, the simulation starts 
with the learner being notified verbally by A.J.L. that they 
have been paged to go emergently to the obstetric operating  
room. On arrival, an obstetric surgeon (embedded  
confederate) explains that the patient has umbilical  
cord prolapse and requires emergent general anesthesia  
to facilitate cesarean delivery. Similar to the EmergenCSim™ 
scenario, the player is expected to call for help promptly  
and proceed with a focused history and physical exami-
nation and proceed with general anesthesia. Upon  
conclusion of the scenario, a short debrief is conducted 
by A.J.L.

All activities (except for week 8), were conducted in the 
departmental simulation center.

2.3.2 � Phase 2: pyschometric study of EmergenCSim™ 
assessment

A secondary hypothesis was that EmergenCSim™ assess-
ment scores would show internal consistency reliability, 
and adequate levels of convergent validity with the HFS 
checklist (assessed at Time 3 (months 3–12)). Both scores 
were expected to correlate positively and significantly.

HFS video recordings were reviewed by A.J.L. and S.R.G. 
(only S.R.G. was blinded to group allocation) and partici-
pants’ performance was rated using the behavior checklist.

2.4 � Realism survey
At Time 3 participants rated the realism of EmergenC-
Sim™ (scale 1–10; where 1 = not realistic at all and 
10 = extremely realistic) and HFS (scale 1–5; where 
1 = not realistic at all and 5 = extremely realistic) via dif-
ferent surveys; this resulted in realism scores with differ-
ent scales.

2.5 � Psychometric quality of knowledge test
Based on prior item analysis [19] of the original 
29-item MCQ test, four items (items #23, #26, #28 and 
#29) that failed to discriminate between novices and 
experts were removed. Those discrimination indices 
were 0.02, 0.00, 0.02 and −0.06, respectively. A total of 
25 questions were ultimately analyzed. Internal consist-
ency reliability estimates for the resulting 25-item test 
scores at Times 1, 2 and 3, yielded sub-par Cronbach’s 
α values of 0.489, 0.674 and 0.574 respectively (cutoff 
for acceptability is 0.70), probably due to heterogene-
ous item composition.

2.6 � Statistical analyses
Outcome measures included MCQ test scores (Times 1, 2 
and 3), EmergenCSim™ scores (Time 1 (treatment group 

Fig. 2  A Screen shot of EmergenCSim™ opening scene: the obstetrician avatar, with a vaginally-placed hand explains to the parturient avatar why 
emergency cesarean delivery is necessary. B Screen shot of electronic debrief page displaying the player’s final score. Red bulleted items are missed 
actions, and green bulleted items are correctly performed actions. One item (inset) is magnified for demonstration
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only) and Time 3 (both groups)), HFS behavior checklist 
scores (averaged over 2 independent raters, Time 3) and 
survey responses (Times 1 and 3).

2.7 � Power analysis
We estimated that with a fixed count of 26 subjects per 
group, for an outcome measure yielding a maximum score 
of 29 with SD of 5, we would achieve 80% power to detect 
a 4-point difference between groups with a significance 
level (alpha) of 0.05 using a two-sided two-sample t test.

2.7.1 � Phase 1 analysis
Statistical analysis for the longitudinal experiment was 
guided by our primary hypothesis that the EmergenCSim™  
group would achieve a greater increase in mean MCQ 
scores from Time 1 to 2, and from Time 2 to 3, than  
the Non-content Specific Game group. analysis involved  
a series of repeated measures analyses of variance  
(ANOVAs). The within-subjects effects examined change on  
knowledge outcomes by group and time point. The main 
effects examined impact of treatment versus control con-
dition on outcomes, and subsequently by gender, as the 
between-subjects factors. Two-way (treatment by time) 
and three-way (treatment by gender by time) interaction 
effects were tested. The three-way analysis was prompted 
by a post hoc hypothesis on gender differences and inter-
est in exploring the potential impact of gender on learn-
ing outcomes with serious games. The Type 1 error level 
was set at p < 0.05 for statistical significance.

For post-hoc multiple comparisons analyses, the 
p-value was adjusted using the Bonferroni adjustment 
method (i.e., 0.05 was divided by the number of compari-
sons made, which was 3).

2.7.2 � Testing assumptions and outliers
Prior to the ANOVAS, data was checked to ensure test 
assumptions had been met. There were two outliers as 
assessed by studentized residuals (one in the EmergenCSim™  
group at Time 2 and one in the Non-content Specific 
Game group at Time 3, both with studentized residual 
values of -3.27); their data were preserved for analyses, 
being considered legitimate observations.

The MCQ test scores were normally distributed, as 
assessed by Shapiro‐Wilk’s test of normality for each 
group at each time point (p > 0.05). There was homogene-
ity of variances (p = 0.296 at Time 1, 0.186 at Time 2, and 
0.143 at Time 3) and covariances (p = 0.495), as assessed 
by Levene’s test of homogeneity of variances and Box’s M 
test, respectively. Mauchly’s test of sphericity indicated 
that the assumption of sphericity was met for the two-
way interaction, χ2(2) = 0.70, p = 0.705.

2.7.3 � Group gender balance
The balance of male and female participants per group 
(based on self-identified gender within the residency 
program) was compared using a chi-squared test of 
independence. Randomized blocking by gender was not 
attempted due to small cohort sizes. No participants 
self-identified as non-binary.

2.7.4 � Phase 2 data analysis
Internal consistency reliability estimates for the seri-
ous game-embedded scoring tool and HFS behavior 
checklist were obtained using Cronbach’s α. Conver-
gent validity evidence and inter-rater reliability were 
obtained using Pearson’s correlations. A Mann‐Whit-
ney U test was run to analyze survey responses regard-
ing video game experience and realism ratings of 
EmergenCSim™ and HFS. Analyses were performed 
using SPSS (IBM Corp. Released 2019. IBM SPSS Sta-
tistics for Macintosh, Version 26.0. Armonk, NY: IBM 
Corp.)

3 � Results
Fifty-two CA-1’s (30 male and 22 female) were enrolled. 
In the treatment group, one declined participation at 
Time 3. In the control group, 2 did not complete the 
study—one left the program after Time 1, and another 
declined participation at Times 1 and 2. Forty-nine 
trainees completed the MCQ tests at all 3 time points 
and were included in the analyses—26 in the treatment 
group and 23 in the control group. There was no dif-
ference in the proportion of males and females within 
groups, p = 0.39.

3.1 � Overall time effect
Mean MCQ scores (SDs) are in Table  1. Regardless of 
group, the main effect of time showed a significant dif-
ference in mean scores at the different time points, 
F(2,94) = 7.834, p = 0.001, suggesting overall improve-
ment in both groups. Post-hoc analyses with a Bonferroni 
adjustment revealed that scores increased significantly by 
a mean of 1.5 points from Time 1 to 3 (95% CI 0.51, 2.47; 
p = 0.001), but not from Time 1 to 2 (mean 0.635, 95% CI 
−0.32, 1.59; p = 0.318), nor from Time 2 to 3 (mean 0.865, 
95% CI −0.02, 1.75; p = 0.058).

3.2 � Treatment effect between groups
The change in mean scores over time were not differ-
ent between groups, F (2, 49) = 0.870, p = 0.42 (Fig. 3). 
There was no significant main effect of the treatment on 
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MCQ score (with the treatment group playing Emer-
genCSim™ only once), F (1, 47) = 1.110, p = 0.20.

3.3 � Effect of gender over time‑ treatment and control 
groups

The three-way interaction test to explore whether sub-
groups by gender varied significantly on mean MCQ 
scores in treatment versus control groups over time was 
marginally statistically significant, (F (2, 45) = 3.042, 
p = 0.053; Table  1). However, there was no statistically 
significant simple two-way interaction of gender and 
group at Times 1, 2 or 3 (1: F (1, 45) = 0.152, p = 0.669; 
2: F (1, 45) = 4.293, p = 0.044; 3: F (1, 45) = 5.793, 
p = 0.020) using the Bonferroni corrected value.

Examining gender and time separately, two-way 
mixed ANOVA revealed a statistically significant inter-
action between gender and time on knowledge test 
scores, F (2, 49) = 107.77, p = 0.036 (Fig.  4). At Time 
1, there was a statistically significant difference in test 
score between genders, F (1, 47) = 4.724, p = 0.035, with 
females having a mean test score 1.58 points higher 
than males. There was no statistically significant differ-
ence between the genders at Time 2, (F (1, 47) = 0.004, 
p = 0.95) or Time 3 (F (1, 47) = 0.098, p = 0.76). At Time 
3, the mean (SD) scores by gender were nearly identi-
cal- for females 19.55 (3.02) and for males 19.79 (2.41).

There was a statistically significant effect of time on 
MCQ scores for males, F (2, 56) = 13.794, p < 0.001, but 
not for females F (2, 38) = 0.589, p = 0.56. Among males, 

Table 1  Mean knowledge test multiple choice question (MCQ) scores by group, gender and time point

Knowledge test was taken at 3 time points (MCQ maximum score = 29 points). Values represent mean (SD)

There was no statistically significant interaction between study group and time on knowledge test scores, F (2, 49) = 0.870, p = 0.422, partial η2 = 0.018. There was a 
statistically significant three-way interaction between time, gender and group, F(2,45) = 3.042, p = 0.053, partial η2 = 0.063

 Subjects N Time 1
(pre-test)

Time 2
(post-test #1)

Time 3
(post-test #2)

Total 49 18.2 (SD = 2.6) 18.8 (SD = 3.3) 19.7 (SD = 2.7)

  Total Female 20 19.1 (SD = 1.9) 18.9 (SD = 4.0) 19.6 (SD = 3.0)

  Total Male 29 17.5 (SD = 2.8) 18.8 (SD = 2.8) 19.8 (SD = 2.4)

EmergenCSim™ group 26 17.6 (SD = 2.7) 18.5 (SD = 3.7) 19.6 (SD = 3.1)

  Female 9 18.3 (SD = 2.4) 17.2 (SD = 4.9) 18.2 (SD = 3.9)

  Male 17 17.2 (SD = 2.8) 19.2 (SD = 2.7) 20.3 (SD = 2.4)

Non-content specific game group 23 18.8 (SD = 2.4) 19.2 (SD = 2.8) 19.8 (SD = 2.1)

  Female 11 19.7 (SD = 1.7) 20.2 (SD = 2.4) 20.6 (SD = 1.4)

  Male 12 18.0 (SD = 2.9) 18.3 (SD = 2.8) 19.1 (SD = 2.4)

Fig. 3  Estimated marginal means of knowledge test scores over time by experimental group. Times 1, 2 and 3 refer to week 3, week 4 and months 
3–12 of CA-1 year respectively. Note that the y-axis does not start at 0
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the mean difference in MCQ score increased from Time 
1 to 2 (Mean difference = 1.28, SE = 0.45, p = 0.025) and 
from Time 2 to 3 (Mean Difference = 1.0, SE = 0.33, 
p = 0.014), and overall, from Time 1 to 3 (Mean Differ-
ence = 2.28, SE = 0.51, p < 0.0001). This pattern was not 
found among females.

3.4 � Effect of treatment on serious game scores and HFS 
checklist

At Time 3, there was no significant difference in mean 
serious game scores between groups—120 (SD 16.81) 
and 109 (SD 28.86) in the EmergenCSim™ and control 
groups respectively; (t (48) = 1.731, p = 0.09) or by gen-
der (p = 0.33). There was also no significant difference in 
mean HFS behavior checklist scores (average of 2 raters) 
between EmergenCSim™ Group (Mean 229.26, SD 41.73) 
vs. control group (Mean 222.08, SD 37.78), p = 0.53, or 
by gender—2017 group: F (1, 36) = 0.066, p = 0.80; 2018 
group: F (1, 37) = 0.979, p = 0.38.

3.5 � Phase 2
EmergenCSim™ scores demonstrated good internal con-
sistency reliability estimate at Time 3 with a Cronbach’s α 
of 0.806. Similarly, strong internal consistency reliability 
was demonstrated for HFS checklist scores – Cronbach’s 
α 0.823 for the full sample.

Strong inter-rater reliability on HFS checklist scores 
was demonstrated, with a Pearson correlation coef-
ficient of 0.877. There was no effect of the order of 
playing EmergenCSim™ or HFS first at Time 3 on the 
subsequent performance score.

While not statistically significant, there was a small 
positive correlation between EmergenCSim™ and HFS 
checklist scores (r = 0.18, p = 0.195). The EmergenC-
Sim™ and knowledge MCQ test scores at Time 3 did 
not correlate (r = 0.09, p = 0.50). These assessments 
measure different knowledge and skill domains.

3.5.1 � Survey results
Eighty percent of participants (N = 49) reported playing 
video games for leisure; electronic puzzles and brain 
games (e.g., Tetris) were most commonly reported. Sig-
nificantly more males reported playing sports games 
(e.g., Madden NFL 25), first-person shooter games (e.g., 
Gran Turismo and Halo) (p < 0.0001) and massively 
multiplayer online games (e.g., World of Warcraft) 
(p = 0.038). Overall, the mean subject rating of the 
realism of EmergenCSim™ (scale 1–10) was 6.0 (SD 
1.54). There was no difference in mean realism ratings 
between the EmergenCSim™ and Non-content Specific 
Game groups, U = 259, z = –0.818, p = 0.413; or among 
males and females, U = 274.5, z = –0.322, p = 0.748. 
Overall, the mean subject rating of HFS realism ( scale 
1—5) was 4 (SD 0.64).

Fig. 4  Estimated marginal means of knowledge test scores over time for two-way interaction of time and gender. Times 1, 2 and 3 refer to week 3, 
week 4 and months 3–12 of CA-1 year respectively. Note that the y-axis does not start at 0
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4 � Discussion
EmergenCSim™ is a novel serious game designed to teach 
performance of general anesthesia for emergent cesarean 
delivery. In our preliminary study aiming to evaluate its 
effectiveness as an educational and assessment tool, we 
have found that a single exposure did not yield signifi-
cant differences in knowledge scores compared to con-
trols. Unexpectedly, males had a steady improvement in 
knowledge scores over time whereas females’ knowledge 
scores initially dropped slightly, but increased over time, 
suggesting that gender might impact learning outcomes 
with serious games; however, we do not believe that the 
small difference observed necessarily reflects a meaning-
ful difference in learning based on gender. More robust 
study of this issue is necessary.

Given gender differences in neural responses to video 
games [21], spatial learning and memory [22], we specu-
late that our 3-D first-person shooter-style design might 
have been more engaging for males; however, the lack 
of gender difference in the EmergenCSim™ scores and 
serious game realism ratings do not actually support 
this notion. In order to make ongoing improvements, 
future surveys of player ratings of the realism of the game 
should explore more deeply the reasons underlying the 
rating given.

Although over 40% of gamers are women, game use and 
the popularity of different platforms vary by gender [23]. 
Mobile games are almost equally popular among men 
and women, but, whereas 48% and 37% of men play on 
personal computer and console games at least monthly 
respectively, only 35% and 23% of women do so [23]. 
Men and increasingly, younger women (26–30 years), are 
more likely to seek high-quality game experiences and 
spend greater time and money on gaming [13]. A third 
of female gamers report primarily using games as “time 
fillers”, versus only 19% of males [13]. Correspondingly, 
our male trainees reported significantly higher use of 3-D 
first-person-shooter, sports, and massively multiplayer 
online games than females.

We were unable to demonstrate sufficient convergent 
validity of the EmergenCSim™ and HFS behavior check-
list scores but found strong reliability levels. Conver-
gent validity reflects how well scores of two instruments 
intended to measure a similar construct will correlate 
[24]. The 0.20 correlation is positive and in the expected 
direction, but surprisingly low since both tools were 
designed to measure similar concepts. The higher realism 
rating of HFS might be related to residents’ pre-existing 
familiarity with simulation-based education.

We acknowledge several limitations to the (1) primary 
outcome measure (MCQ test), (2) serious game itself, 
and (3) sample size. First, MCQ tests may be suboptimal 

for measuring domains involving applied knowledge [25, 
26]. The major limitation was insufficient difficulty of the 
knowledge test with less-than-acceptable score reliabil-
ity levels. The test was developed in advance but subse-
quent validation revealed poor discrimination between 
experts and novices on several items [19], resulting in 
31 of 49 participants (of whom 14 were male) achiev-
ing the cut score of 21/29 at baseline [19]. Building on 
this work, we are developing and validating parallel test 
forms with items having greater difficulty, to be used as 
pre- and post-intervention outcome measures in future 
studies. Stratified randomization was not considered 
due to small class sizes. In addition, time between the 3 
tests (especially, Time 3) tapped primarily into knowl-
edge retention; group differences may have been detected 
immediately afterwards. Non-standardized test condi-
tions allowed for possible random measurement error 
and discussion/researching answers, which could have 
contaminated the results. Ideally two or more equivalent 
versions of the test should have been used to limit “test 
effect” [27, 28]. Conducting the final study phase (Time 
3) over several months, remote from the initial interven-
tion, diluted its impact and introduced threats to valid-
ity including, “history” and “maturation”, explaining the 
lack of difference between groups in serious game and 
HFS performance [29]. Trainees probably discussed the 
activities within their peer groups, making it impossible 
to attain clean experimental conditions. In longitudinal 
studies, cases with extreme scores at earlier time points 
will score higher or lower in subsequent measurements 
due to regression towards the mean. This may have 
affected performance measures for females who started 
with extremely high scores in comparison to males.

Second, several conceptual frameworks and approaches 
to serious game design, development and validation exist 
[30, 31]. More meticulous usability testing may have pro-
vided more targeted design. We acknowledge that a sin-
gle “exposure” to EmergenCSim™ was likely insufficient. 
Preliminarily, we could have determined the minimum 
“dose” of play to produce learning. Unfamiliarity with 
the EmergenCSim™ interface may have caused excessive 
cognitive load and detracted from learning [32]. We have 
since developed a practice game. Learner motivation 
would have influenced the degree to which the electronic 
debrief was used [33, 34].

Third, the small sample size may limit the ability to 
detect an effect, which we attempted to overcome by 
enrolling 2 CA-1 classes. A single program’s experience 
with a novel, proprietary serious game limits the external 
validity of findings.

Finally, clinical performance was not assessed. Link-
ing trainees’ performance on EmergenCSim™ with 
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actual provision of general anesthesia for emergency 
cesarean delivery, a rare occurrence itself, was not fea-
sible. This is a well-recognized challenge for simula-
tion-based training in general [35].

5 � Conclusions
Serious games offer exciting avenues as scalable and 
flexible pedagogical tools with remote learning oppor-
tunities. We were unable to demonstrate improvement 
in learning outcomes following the brief serious game 
intervention, nor convergent validity with HFS, but this 
work contributes to the evidence-base. Future research 
into more usability testing, optimal intervention dura-
tion/dose, design tailored to player background charac-
teristics and optimal debriefing strategies are warranted.
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