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Assessing the realism of colonoscopy simulation: the development of
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Background: No useful comparative data exist on the relative realism of commercially available devices for
simulating colonoscopy.

Objectives: To develop an instrument for quantifying realism and provide the first wide-ranging empiric comparison.

Design: Repeated measures, observational study. Nineteen experienced colonoscopists completed cases on 4
colonoscopy simulators (AccuTouch, GI Mentor II, Koken, and Kyoto Kagaku) and evaluated each device.

Setting: A medical simulation center in a large tertiary hospital.

Main Outcome Measures: For each device, colonoscopists completed the newly developed Colonoscopy
Simulator Realism Questionnaire (CSRQ), which contains 58 items grouped into 10 subscales measuring the
realism of different aspects of the simulation. Subscale scores are weighted and combined into an aggregated
score, and there is also a single overall realism item.

Results: Overall, current colonoscopy simulators were rated as only moderately realistic compared with real
human colonoscopy (mean aggregated score, 56.28/100; range, 48.39—60.45, where 0 = “extremely unrealistic”
and 100 = “extremely realistic”). On both overall realism measures, the GI Mentor IT was rated significantly less
realistic than the AccuTouch, Kyoto Kagaku, and Koken (P < .001). There were also significant differences
between simulators on 9 subscales, and the pattern of results varied between subscales.

Limitations: The study was limited to commercially available simulators, excluding ex-vivo models. The CSRQ
does not assess simulated therapeutic procedures.

Conclusions: The CSRQ is a useful instrument for quantifying simulator realism. There is no clear “first choice”
simulator among those assessed. Each has unique strengths and weaknesses, reflected in the differing results
observed across 9 subscales. These findings may facilitate the targeted selection of simulators for various aspects

of colonoscopy training. (Gastrointest Endosc 2012;75:631-40.)

Colonoscopy is complex and difficult to learn, and
there is no clear consensus on how many colonoscopies
are required during training for the attainment of compe-
tence.' ™ Because colonoscopy insertion skill is taught pri-
marily via the Halstedian apprenticeship model,*> the at-

Abbreviations: ANOVA, analysis of variance; CSRQ, Colonoscopy Simui-
lator Realism Questionnaire; CSRQ-IS, Colonoscopy Simulator Realism
Questionnaire—Importance Supplement; PM, physical model; VR, vir-
tual reality.
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tainment of basic competence incurs risks to patients’
safety and comfort.®” Hence, simulation training is poten-
tially beneficial both in reducing the time it takes for
trainees to achieve competence and in reducing the inher-
ent risks to patients. The realism or fidelity of the simula-
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tion has been identified as an important prerequisite for a
highly effective colonoscopy simulator.?

Commercially available devices for simulating colono-
scopy fall into 3 categories: computer-based virtual reality
(VR) simulators, physical models (PMs), and ex-vivo ani-
mal models. VR simulators, such as the Endoscopy AccuT-
ouch System (Immersion Medical; Gaithersburg, MD) and
the GI Mentor II (Simbionix Corp., Cleveland, OH), are
typically stand-alone systems, equipped with their own
monitors and modified or mock colonoscopes. By con-
trast, PM simulators, such as the Koken Colonoscopy
Training Model Type 1-B (Koken Co. Ltd.; Tokyo, Japan)
and the Kyoto Kagaku Colonoscope Training Model
(Kyoto Kagaku Co. Ltd.; Kyoto, Japan), are designed for
use in conjunction with genuine colonoscopy equipment.
So too are ex-vivo animal models, such as the Endo X
Trainer bovine colon model (Medical Innovations Interna-
tional Inc., Rochester, MN). In addition, ex-vivo animal
models require a supply of fresh or frozen unperforated
animal colons.”

Several studies have investigated the realism of indi-
vidual colonoscopy simulators.”'* However, because
these studies used different raters and a variety of mea-
sures and response modes (Likert scales, rating scales,
or visual analogue scales), no useful comparative data
exist on the relative realism of the available devices.
What these studies have in common is that each in-
volved experienced colonoscopists completing a series
of response scales to quantify the realism of various
aspects of a simulator, such as the visual representation
of the mucosa or the haptic feedback.””!3 However,
despite the importance of deconstructing and assessing
the realism of all key components of a simulator,® scant
details were given of the processes by which the ques-
tions were derived, and the questionnaires used con-
tained relatively few items (5-14 per questionnaire).

The aims of this study were to develop a comprehen-
sive instrument for the measurement of colonoscopy
simulator realism and to directly compare the realism of
all commercially available VR and PM colonoscopy
simulators.

METHODS

Our first step was to develop a new 59-item instru-
ment for assessing the fidelity of colonoscopy simula-
tors, the Colonoscopy Simulator Realism Questionnaire
(CSRQ), and a complementary measure to assess the
importance of each element of simulated colonoscopy
covered by the CSRQ, the Colonoscopy Simulator Real-
ism Questionnaire—Importance Supplement (CSRQ-IS).
We then conducted an empiric study in which experi-
enced colonoscopists performed a standardized reper-
toire of cases on each of 4 simulators before rating their
realism using the CSRQ. The Human Research Ethics
Committees of the Royal Brisbane and Women’s Hospi-

Take-home Message

e The Colonoscopy Simulator Realism Questionnaire is a
useful instrument for quantifying simulator realism,
which may also aid the development of superior
colonoscopy simulators. These results may facilitate the
targeted selection of simulators for specific aspects of
colonoscopy training.

¢ Improvements in colonoscopy simulators and simulation
training may reduce both the time it takes trainees to
achieve competence and the associated risks to patients’
safety and comfort.

tal and the University of Queensland approved the
research.

Colonoscopy simulators

We evaluated 4 colonoscopy simulators (Fig. 1), includ-
ing 2 VR devices (the Endoscopy AccuTouch System and
the GI Mentor II) and 2 PMs (the Koken Colonoscopy
Training Model Type 1-B and the Kyoto Kagaku Colono-
scope Training Model). All simulators were assembled
according to the manufacturers’ instructions. The PMs
were lubricated and presented to the raters with their
abdomen covers in place, atop a height-adjustable table
(Fig. 2). Simulated PM colonoscopies used a high-
definition endoscopy system (Exera II CLV-180 light
source and CV-180 processor, OEV191H monitor, and
CF-H180DL colonoscope; Olympus Medical Systems
Corp., Tokyo, Japan), with air insufflation and suction.
Table 1 provides a comparative overview of the 4 sim-
ulators. We chose not to evaluate an ex-vivo animal
model in this study because the costs and logistics
associated with sourcing, storing, and preparing animal
colons are likely to preclude their widespread adoption
for routine training purposes.

Colonoscopy Simulator Realism Questionnaire
(CSRQ)

We developed the CSRQ to assess the realism of all key
aspects of a colonoscopy simulator relevant to insertion
and withdrawal, to provide a more comprehensive alter-
native to those used previously.”!3 It was designed to
apply to all 3 categories of simulators, and the online
supplement (available at www.giejournal.org) describes
its development.

The final CSRQ contains 59 items that require the rater
to compare a colonoscopy simulator with real colonos-
copy (58 assess the realism of specific aspects of the
simulation, and 1 assesses overall realism). The responses
are given on a rating scale ranging from 1 (“extremely
unrealistic”) to 6 (“extremely realistic”). To prevent ambig-
uous missing data, items that may not apply to all simula-
tors also include a “not applicable” option. The 58 specific
items can be divided into 10 a priori subscales relating to
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Figure 1. Virtual reality simulators and physical models assessed in this
study. A, Immersion Endoscopy AccuTouch System. B, Simbionix GI
Mentor II. C, Koken Colonoscopy Training Model Type 1-B (with abdo-
men cover removed). B, Kyoto Kagaku Colonoscope Training Model
(with abdomen cover removed).

Figure 2. Laboratory setup used for the physical models, with the Kyoto
Kagaku model in place.

different broad aspects of the simulation: (1) the physical
arrangement of the equipment and the anus, (2) the
colonoscope, (3) the anatomic structure of the colon, (4)
the visual representation of the colon, (5) the visual re-
sponse of the simulator, (6) the haptic response of the
simulator, (7) insufflation and deflation, (8) the difficuity
of navigation, (9) looping, and (10) patient discomfort.
Supplementary Table 1 (available online at www.giejournal.
org) presents all items, grouped by subscale, and the

online supplement also includes a ready-to-use version of
the questionnaire.

CSRQ Importance Supplement (CSRQ-IS)

The CSRQ-IS contains 58 items corresponding to the 58
specific CSRQ questions. Raters indicate how important
they believe it is that a colonoscopy simulator used by
trainees should perform well on each aspect of simulated
colonoscopy (eg, “The realism of the visual representation
of colonic mucosa”). Responses are given on a rating scale
ranging from 1 (“extremely unimportant”) to 6 (“extremely
important”). A ready-to-use version is provided in the
online supplement.

Raters

A convenience sample of 19 experienced colonosco-
pists participated as raters (gastroenterologists, n = 16;
colorectal surgeons, n = 2; general surgeons, n = 1). On
average, they had 12 years of experience in endoscopic
practice (range, 3-33, SD = 8.39) and had completed
11,137 colonoscopies (range, 1000-50,000; SD = 13,732).
Five had previous experience with 1 or more of the sim-
ulators (AccuTouch, n = 3; GI Mentor II, n = 3; Koken,
n = 1; Kyoto Kagaku, n = 1). On explicit questioning, no
participant disclosed a financial relationship with any
company that manufactures or distributes colonoscopy
training equipment. The recruitment and testing were con-
ducted between March and September 2009.

Realism evaluation procedure

Each rater participated in a single session lasting ap-
proximately 2 hours. All sessions were conducted in a
research laboratory at a medical simulation center, super-
vised by a research assistant. Each rater completed the
CSRQ-IS and then performed simulated colonoscopy on
the 4 simulators, completing the CSRQ for each simulator
before progressing to the next. The order in which the
simulators were presented to each rater was randomized
with 2 constraints. Within each block of 4 consecutive
raters, each simulator (1) appeared in each position (first,
second, third, and fourth) once and (2) was preceded and
followed only once by each other simulator. (Twenty
colonoscopists originally participated; however, 1 did not
complete the session and was excluded.)

Before each use of the simulator, we encouraged the
rater (when possible) to customize the physical layout of
the equipment to suit individual preferences (eg, adjusting
the position or angle of the monitor, table height). For
each case, the rater inserted the colonoscope to the cecum
(or, for the Kyoto Kagaku cases, to the end of the mucosa)
and then withdrew. We did not evaluate therapeutic pro-
cedures. Changes in the patient’s position and the appli-
cation of abdominal pressure were permitted for applica-
ble simulators, and the research assistant aided when
appropriate (she had been trained in the relevant proce-
dures by a gastroenterologist, D.G.H.). However, all other
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Virtual reality simulators Physical models

Feature AccuTouch Gl Mentor I Koken Kyoto Kagaku
Stand-alone system (includes colonoscope and monitor) v v X X
Offers a choice of cases v X v
Colon has a cecum v v v X
Simulates patient discomfort v v X X
Allows or simulates patient position changes v X X v
Allows or simulates application of manual pressure v X v v
Magnetic imaging view available X v v* v*
“External” view of colon available v v Vi vt
Simulates lesions and other abnormalities v v X X
Simulates therapeutic procedures v v X X
Gives feedback on performance v v X X

*The use of a magnetic imaging view with either of the physical models requires additional equipment, namely, a magnetic colonoscope and a position

detection system, such as ScopeGuide (Olympus Medical Systems Corp.; Tokyo, Japan).

+Both physical models have removable abdomen covers, allowing the exterior of the colon to be made visible during the procedure.

available aids (eg, magnetic imaging view, didactic advice)
were prohibited.

The raters completed 2 cases on each simulator with the
exception of the Koken model, which has a single fixed
configuration and only 1 completed case. For the other
simulators, the cases selected were AccuTouch “Introduc-
tion” cases 3 and 6, GI Mentor II “First Module” cases 2 and
7, and Kyoto Kagaku cases 3 and 6. These were chosen to
satisfy 2 criteria: (1) each case involves looping, and (2)
the average difficulty of cases is approximately equal be-
tween simulators. In addition, the AccuTouch and GI Men-
tor II cases were matched so that raters were exposed to a
similar range of pathologic conditions in each simulator.
After completing the CSRQ for a simulator, raters com-
pared the overall difficulty of the case/s they had just
completed with that of the average routine colonoscopy,
using a rating scale ranging from 1 (“much easier”)
through 4 (“same”) to 7 (“much more difficult”).

Scoring of CSRQ ratings

The online supplement explains how we calculated the
CSRQ subscale scores and the overall aggregated CSRQ
scores, using CSRQ-IS responses to weight the ratings.
Figure 3 presents the mean CSRQ-IS importance score for
each subscale.

Statistical analyses

We compared the simulators on 3 outcome measures:
CSRQ subscale scores, aggregated CSRQ scores, and re-
sponses to the “overall realism” item. We used 1-way
repeated measures analyses of variance (ANOVAs) for

these procedures and also to analyze responses to the
“overall difficulty” control item. For these omnibus tests,
alpha was set at .05, and Mauchly’s test was used to
identify violations of the sphericity assumption. For tests in
which this assumption was breached, we used the conser-
vative Greenhouse-Geisser correction to adjust the de-
grees of freedom.!® For each statistically significant omni-
bus test result, n* was calculated to quantify the effect
size'> (n* indicates the proportion of the variation in rat-
ings explained by differences between the simulators in
our sample). Each significant ANOVA was followed up
with 6 pairwise comparisons (comparing each simulator
with every other), and we applied the Bonferroni-Holm
correction for multiple comparisons!® to maintain the
family-wise error rate at P < .05. Additional analyses
verified that the study outcomes were not affected by
interrater differences in experience with colonoscopy or
with the simulators that were evaluated (see the online
supplement for details). We used SPSS 16.0 (SPSS Inc,;
Chicago, IL) for all analyses.

We assessed the interrater reliability for each outcome
measure by transposing the data so that scores for the 4
simulators were arranged in rows with 1 column per rater,
and then calculating Cronbach’s alpha across all raters.!” It
was inappropriate to factor analyze the CSRQ or to assess
the reliability of the instrument or its subscales through
measures of internal consistency for 2 reasons. First, unlike
with traditional questionnaire instruments, the simulators
were the units of analysis rather than the respondents.
Second, because the CSRQ was designed to be compre-
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Figure 3. Mean importance scores out of 6 for each Colonoscopy Simulator Realism Questionnaire (CSRQ) realism subscale (with 95% confidence

intervals).

hensive, there is no a priori reason to assume that a
particular simulator’s performance (relative to other simu-
lators) should be consistent across all the items in a sub-
scale. For example, in terms of visual realism, a simulator
with a realistic-looking sigmoid colon does not necessarily
have an equally realistic-looking cecum.

RESULTS

Overall realism

In comparison with real colonoscopy, the realism of
all 4 colonoscopy simulators was rated as relatively low,
with a mean aggregated CSRQ score of 56.28/100
(range, 48.39-60.45) (Fig. 4). There was a significant
difference among the simulators for both measures of
overall realism: aggregated CSRQ scores, H3,54) = 7.62,
P < .001, n* = .30; and ratings on the single “overall
realism” item, H3,54) = 9.53, P < .0001, n°> = .35.
Figure 4 indicates that both measures yielded the same
pattern of results, which was confirmed by the pairwise
comparisons. In each case, the GI Mentor II was rated
significantly less realistic than the AccuTouch, the Kyoto
Kagaku, and the Koken, and there was no significant
difference in ratings among the latter 3 simulators. In-
terrater reliability was .87 for the aggregated CSRQ
scores and .90 for the overall realism item.

CSRQ subscales

Figure 5 shows the mean CSRQ subscale scores for each
simulator. Table 2 provides additional detail, including
interrater reliabilities, ANOVA results, effect sizes, and a
summary of pairwise comparisons. There were significant
differences between simulators on 9 of the 10 subscales

(the exception being navigation difficulty), and the pattern
of results varied from subscale to subscale (Table 2).

Difficulty control item

Consistent with our aim to select cases of approxi-
mately equivalent difficulty, a 1-way repeated-measures
ANOVA revealed no statistically significant difference in
difficulty ratings among the 4 simulators, K3,54) = 2.71,
P> .05.

DISCUSSION

To our knowledge, this study is the first to provide a
wide-ranging empiric comparison of the realism of sev-
eral colonoscopy simulators as rated by experienced
colonoscopists. Two separate measures of overall real-
ism (a single item and a weighted aggregate score)
yielded the same pattern of results: the GI Mentor IT was
rated as significantly less realistic than the AccuTouch,
Kyoto Kagaku, and Koken simulators, which received
similar ratings.

This finding provides support for the content validity
of the CSRQ. Both measures produced the same pattern
of results, which suggests that, when weighted and
combined appropriately, the 58 CSRQ items that assess
specific aspects of simulator realism were sufficiently
comprehensive to provide a valid means of quantifying
the overall realism of these 4 simulators. (However, this
does not imply that the single overall realism item is a
sufficient alternative to the full CSRQ, given that the
process of responding to the more specific items may
have prompted raters to consider aspects of realism they
would have otherwise overlooked when generating
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Figure 4. Two broad measures of simulator realism. A, Aggregated
Colonoscopy Simulator Realism Questionnaire (CSRQ) realism scores. B,
Ratings on a single item assessing overall realism (both with 95% confi-
dence intervals).

overall ratings.) Further, because reliability is an impor-
tant prerequisite to questionnaire validity, it is notable
that the interrater reliability estimates for the CSRQ and
9 of its subscales were very high.

Our findings regarding overall realism are also rele-
vant to the validity of the simulators. For example, they
suggest that validation data for the GI Mentor II dem-
onstrating a relationship between experience and
performance!18-20 should not be interpreted in isola-
tion. Although this relationship implies that perfor-
mance on simulated and real colonoscopies share com-
mon skill elements, these studies do not demonstrate
that the GI Mentor II faithfully replicates the task or that
efforts to develop higher-fidelity simulators are without
value. Indeed, others have argued that, contrary to com-
mercial imperatives, the realism of an endoscopy simu-
lator should be refined fully before validation efforts
even begin.® Given the other relatively low aggregated
CSRQ scores, similar caveats apply to efforts to validate
the other 3 simulators. At present, such research has
been published for the AccuTouch!®?! but not the
Kyoto Kagaku or the Koken.

The CSRQ subscales tell more of the story. Unsurpris-
ingly, given the heterogeneity of the 4 simulators, dif-
ferent patterns of results were observed for different
subscales. We now examine the results for each sub-
scale to determine the relative strengths and weak-
nesses of each device.

For the physical arrangement subscale, the VR sim-
ulators were significantly outperformed by the PM sys-
tems. Because the PMs are designed for use with stan-
dard colonoscopy equipment, they can be arranged to
closely resemble the layout of a genuine procedure
room. By contrast, each VR simulator is packaged as a
complete system that can easily be wheeled from one
training room to another but the arrangement of its
components (monitor, anus, colonoscope, etc.) is more
constrained than in real life. The realism may be im-
proved by partially disassembling the system and plac-
ing the monitor in a more orthodox and ergonomically
appropriate position.?!

For realism of the colonoscope, the PM systems again
significantly outperformed the VR simulators. The ratings
for both PMs were close to ceiling, which is unsurprising,
given that they were used in conjunction with a genuine
unmodified colonoscope. However, both VR simulators
performed reasonably well and were rated higher on this
subscale than on any other.

For the anatomic structure subscale, the results were
different because the simulators were not split along VR
versus PM lines. Among PMs, the Koken outperformed the
Kyoto Kagaku. However, the relative realism of the Ko-
ken’s anatomic structure comes at a cost: a single fixed
configuration that offers no variability of practice. Among
the VR simulators, the AccuTouch was rated as more
realistic than the GI Mentor II. The trends in responses to
the individual questionnaire items suggest that the degree
of angulation at major junctions and flexures was consid-
ered less realistic in the GI Mentor II than in the
AccuTouch.

In terms of visual realism, the raters assessed both VR
simulators more favorably than the PMs. However, all 4
simulators were rated quite low on this subscale. The
Kyoto Kagaku, which performed significantly worse
than the other 3 simulators, does not even attempt to
simulate several of the features assessed for visual real-
ism (including the appearance of vascular patterns, the
cecum, the appendiceal orifice, and the ileocecal valve),
and, like the Koken, its mucosa has an unrealistically
uniform, plastic appearance.

Despite this, the PMs generally outperformed the VR
simulators in terms of the realism of their visual re-
sponse to colonoscope advancement and steering ma-
neuvers. For the VR systems, performance on this sub-
scale is largely a matter of software engineering,
whereas for the PMs it depends primarily on the phys-
ical properties of the colon (including lubrication),
given that the colonoscope itself is genuine.
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Figure 5. Mean Colonoscopy Simulator Realism Questionnaire (CSRQ) realism subscale scores out of 100 for each colonoscopy simulator (with 95%

confidence intervals).

Similarly, the PMs have an inherent advantage in
terms of simulating haptic response. Indeed, both PMs
significantly outperformed the GI Mentor II, as did the
AccuTouch. Both VR simulators have previously been
criticized for the quality of their haptic feedback.!!22-25
At the individual-item level, the GI Mentor II consis-
tently received the lowest average rating of all 4 simu-
lators, and it performed particularly poorly in relation to
the amount of forward insertion force required and the
sensation of resistance to movement of the colonoscope
shaft. In a VR simulator, haptic response depends heav-
ily on both software engineering and the quality and
design of the haptic device and colonoscope.?! Further
refinement of these elements will be crucial if future VR
simulators are to provide authentic force feedback to
trainees. 2224

For simulation of insufflation and deflation, the GI
Mentor IT was again rated significantly less realistic than
the other 3 systems, receiving a lower score than on any
other subscale. The GI Mentor II received the lowest
average rating of the 4 simulators on every individual

item in this subscale (Supplementary Table 1). Among
the others, none scored particularly well, and the Kyoto
Kagaku, which was the highest rated, significantly out-
performed the Koken, whereas the AccuTouch did not
differ significantly from either PM.

For the navigation difficulty subscale, there was no
significant difference between simulators. This may re-
flect our deliberate choice of cases of equivalent diffi-
culty across all simulators in our aim to eliminate any
potential confound between case difficulty and per-
ceived realism. Further, navigation difficulty had one of
the highest mean importance scores of all subscales. We
retained this CSRQ subscale because it may prove in-
formative to future researchers—for example, in a pre—
post evaluation of 2 incremental versions of a simulator
under development.

By contrast, the subscale assessing the realism of
looping not only received the highest mean importance
score of all 10 subscales but also yielded a significant
difference between simulators. Both VR simulators
scored poorly and were rated significantly lower than
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TABLE 2. Mean CSRQ realism subscale scores out of 100 for each colonoscopy simulator, with significance tests for differences in

ratings between simulators, effect sizes (1?), and interrater reliabilities

Simulator: mean CSRQ realism subscale score out of 100 (SD)

CSRQ subscale AT GIM Ko
Physical arrangement 55.44 (22.36) 48.23 (22.94) 81.37 (19.67)
Colonoscope 80.20 (16.29) 77.59 (18.28) 97.19 (6.44)
Anatomic structure 69.19 (19.18) 58.97 (20.08) 69.69 (18.34)
Visual 50.64 (22.01) 42.86 (13.36) 32.69 (15.16)
Visual response 58.43 (19.73) 54.28 (20.00) 76.21 (15.99)
Haptic response 58.88 (16.51) 43.47 (26.92) 65.70 (22.14)
Insufflation & 54.21 (18.44) 26.26 (15.87) 44.63 (24.23)
deflation

Navigation difficulty 60.48 (22.12) 51.87 (24.55) 63.78 (20.23)
Looping 37.67 (17.53) 41.85 (21.51) 61.58 (15.02)
Patient discomfort 56.72 (21.32) 36.52 (23.80) 0(0)

ANOVA omnibus F-test; summary
of pairwise comparisons Interrater
KK (Bonferroni-Holm correction)* n? reliability
81.48 (15.69) F(3,54) = 27.12, P <.0001; .60 .96
(GIM = AT) < (Ko = KK)
97.69 (5.28) F(1.77,31.88) = 19.14, P <.0001;" .52 .95
(GIM = AT) < (Ko = KK)
56.22 (20.57) F(3,54) = 5.39,P < .01; .23 .81
KK < Ko, GIM < AT
21.77 (11.70) F(3,54) = 25.38, P <.0001; .59 .96
KK < Ko < (GIM = AT)
68.57 (19.11) F(3,54) = 9.11, P <.0001; 34 .89
(GIM = AT) < Ko, GIM < KK
62.66 (20.45) F(2.26,40.62) = 7.55,P < .01; .30 .87
GIM < (AT = KK = Ko)
59.39 (17.08) F(3,54) = 16.08, P < .0001; 47 .94
GIM < (Ko = AT, AT = KK), Ko < KK
60.19 (20.23) F(3,54) = 2.32, P > .05; N/A .57
N/A (GIM = KK = AT = Ko)
63.00 (16.26) F(1.93,34.67) = 19.12, P < .0001;" .52 .95
(AT = GIM) < (Ko = KK)
0(0) F(3,54) = 70.01, P < .0001; .80 .99
(KK = Ko) < GIM < AT

detected via Mauchly’s test.

CSRQ, Colonoscopy Simulator Realism Questionnaire; ANOVA, analysis of variance; AT, AccuTouch; GIM, GI Mentor II; Ko, Koken; KK, Kyoto Kagaku.

*These summaries illustrate which mean differences between simulators were statistically significant by using the Bonferroni-Holm correction to maintain the
family-wise error rate at P < .05. For example, “(KK = Ko) < GIM < AT” indicates that there was no significant difference between the Kyoto Kagaku and Koken
models, that the GI Mentor Il significantly outperformed both, and that the AccuTouch significantly outperformed all 3.

tFor these analyses, the Greenhouse-Geisser correction was applied to the degrees of freedom to control for a violation of the sphericity assumption, as

the PMs. These findings are consistent with previous
observations.> The mean importance score also empha-
sizes the significance of looping for the fidelity of sim-
ulated colonoscopy.>?° Given the immense challenges
involved in realistically simulating looping in a VR plat-
form, PM simulators may offer a simple, cost-effective,
and relatively realistic representation of this fundamen-
tal element of the overall task.

The final subscale assessed the realism of patient dis-
comyfort. Because neither PM attempts to simulate this
aspect of colonoscopy, both were outperformed by the VR
simulators. Among these, the AccuTouch, despite scoring
poorly, was rated more favorably than the GI Mentor II.
Trends in response to individual questionnaire items sug-
gest that both devices provided poor visual feedback but
that the AccuTouch had more realistic auditory feedback
and feedback on the amount of simulated patient
discomfort.

Overall, our results suggest that there is no clear “first
choice” colonoscopy simulator among the AccuTouch,
the GI Mentor II, the Koken, and the Kyoto Kagaku
models. The costs of colonoscopy simulators, particu-
larly the VR systems, are not insubstantial. Therefore,

training program directors, when faced with a choice
among these 4 devices, should consider which sub-
scales and which simulator features (Table 1) are most
relevant to their specific educational aims. For example,
our results suggest that PMs would be preferable to VR
simulators for training on loop reduction techniques.
However, if trainees need to be exposed to a diverse
range of cases, then the Koken is not ideal. In fact,
although the other 3 simulators do offer a selection of
cases, none offers anything close to the number of cases
that a trainee is likely to require to achieve compe-
tence.?327.28 This may explain why the impact of the
AccuTouch?-3! or the GI Mentor II3? on colonoscope
insertion skills in trainees is relatively short-lived; supe-
rior performance during real colonoscopy (relative to
peers who have not received simulation training) ap-
pears largely restricted to the early part of the learning
curve.”29:323% Given the demonstrated value of varied
practice in the acquisition of motor skills,?> it is likely
that future simulators offering a broader range of more
realistic cases will yield greater advances toward com-
petence in new trainees before live cases need even be
attempted.
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Our study has demonstrated the utility of the Colonos-
copy Simulator Realism Questionnaire. For the 2 measures
of overall realism and the 9 subscales that yielded signif-
icant differences between simulators, the effect sizes (as
measured by n%) were all large, 3¢ indicating the sensitivity
of the instrument, which complements its demonstrated
reliability and validity.

The primary limitation of our study is that the CSRQ
does not assess the realism of simulated therapeutic pro-
cedures. Indeed, the importance and complexity of these
subtasks warrants the future development of comprehen-
sive instruments to specifically assess the realism of indi-
vidual procedures, such as polypectomy. Another limita-
tion is we did not include simulators that are not
commercially available 1214222437 [ikewise, although we
deliberately designed the CSRQ to be equally appropriate
for evaluating ex-vivo models, we did not include them in
this study.

In future, others may wish to use the CSRQ to gather
comparable data on other existing simulators, such as
the Endo X Trainer bovine colon model,” or on new
devices. We recommend also including in these studies
at least 1 of the simulators that we examined, to provide
a benchmark for comparison. Another potential use for
the CSRQ is in the pre—post evaluation of incremental
prototype versions of new colonoscopy simulators un-
der development. Although a more rudimentary instru-
ment has been previously used for this purpose,!? feed-
back from the CSRQ would provide more potentially
informative detail, especially if the results are scruti-
nized at the individual-item level. For this purpose, we
recommend that raters be kept blind to any simulator
enhancements and that they be randomly and blindly
assigned to 2 conditions after the test: half rating the
new simulator, half rerating the older version. If the
CSRQ is used according to these recommendations, fu-
ture efforts to improve the realism of colonoscopy sim-
ulators will be more sharply focused and likely to be
more successful.
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SUPPLEMENTARY ONLINE CONTENT

Development of the Colonoscopy Simulator
Realism Questionnaire (CSRQ)

After reviewing existing instruments!” as a starting
point, we examined and trialed the four simulators to
deconstruct their key components and identify aspects
of simulated colonoscopy not specifically addressed in
previous measures. Next, we created an initial 38-item
draft questionnaire and interviewed 8 experienced
colonoscopists, who were attending a national gastro-
enterology scientific meeting, to elicit feedback on the
draft. The interviewees reported a mean experience of
11,187 colonoscopies (range 2,000 to 25,000; SD = 7,819)
and mean prior exposure to 3 different colonoscopy sim-
ulators (range 1 to 5; SD = 1.51). Colonoscopists provided
detailed feedback on the wording of questions, and were
asked to nominate additional aspects of realism that were
not covered by the draft questionnaire. A comprehensive
list of their comments was generated from interview tran-
scripts, with each unique relevant suggestion used to gen-
erate a new item, bringing the total to 63. Of these, four
items were dropped from the final questionnaire after data
were collected (one was rated much less important than all
other items, and three yielded large quantities of missing
data because they related to functionality not used by a
majority of the raters during the study).

Scoring of CSRQ ratings

To generate CSRQ sub-scale scores, we completed the
following steps separately for each rater for each simulator.
First, any “not applicable” responses to CSRQ items were
scored as 1 (i.e., the lowest score on the scale). Second,
weighted realism scores out of 36 for each CSRQ item were
calculated by multiplying each CSRQ item rating by its cor-
responding CSRQ-IS importance rating. Third, we derived
preliminary sub-scale scores by averaging the weighted real-
ism scores for the component items. Finally, to ensure com-
parability between raters, we re-scaled the preliminary sub-
scale scores into a final CSRQ sub-scale score (range 0 to 100),
according to the following formula:

(preliminary subscale score) — (mean importance rating X 1)
subscale score= - - - X 100
(mean importance rating X 6) — (mean importance rating X 1)

In the above formula, “mean importance rating X 17
represents the rater’s minimum possible preliminary sub-
scale score, given the importance ratings that they had
nominated. Similarly, “mean importance rating X 6” is
equivalent to the rater's maximum possible preliminary
subscale score.

We derived aggregated CSRQ scores for each simulator
using a two-step process. First, we calculated the mean
importance score out of 6 for each CSRQ sub-scale across
our final sample of 19 colonoscopists (see Supplementary

Table 1 for item means and Figure 3 for subscale means).
Second, we used these scores as sub-scale weightings to
calculate a final aggregated CSRQ score out of 100 for each
rater according to the following formula:

S.(subscale score X subscale weighting)

aggregaled score =
8878 S (subscale weighting)

In contrast to simply averaging responses to all CSRQ
items, this method prevented the more populous sub-
scales from contributing disproportionately to the aggre-
gated scores, instead ensuring that the contribution of
each sub-scale was proportional to its importance.

Statistical Checks on Experience Effects

To verify that the study outcomes were not affected by
inter-rater differences in experience with colonoscopy, or
with the simulators that were evaluated, we repeated the
ANOVAs described in the Statistical Analyses section for each
outcome measure, with two small changes. In one version of
these analyses, the number of past colonoscopies performed
by each rater was added as a covariate. In the other version,
we compared raters who had previously used one or more of
the simulators with those who had not by adding a new
between-participants factor to each ANOVA.

When the ANOVAs for each outcome measure were
re-run with the number of past colonoscopies added as a
covariate, there was no substantive change to the existing
effects, and colonoscopic experience had no main or inter-
active effect for any outcome measure (all p's > .05). Like-
wise, when simulator experience was added as a factor in the
analyses, it had no main or interactive effects (all p's > .05).
In these analyses, the substantive results appeared to
change for one measure: The main effect of simulator
on ratings of navigation difficulty became statistically
significant, H(3,51) = 3.62, p = .02. However, all pairwise
comparisons were non-significant after correction, so we
dismissed this change as a chance occurrence. Hence, there
was no evidence that any of the study outcomes were af-
fected by experience differences between raters.
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Supplementary Table 1. CSRQ items grouped by realism sub-scale, with mean importance ratings

Realism Sub-scale Items

1. Physical Arrangement

1. How realistic was the spatial arrangement of the monitor, colonoscope, and anus (after any adjustments
you may have made)?

2. How realistic was the position of the monitor (after any adjustments you may have made)?
3. How realistic was the position of the anus (after any adjustments you may have made)?

4. How realistic was the position of the socket that the colonoscope plugs into (after any adjustments you
may have made)?

2. Colonoscope
5. How realistic was the weight of the colonoscope control head?
6. How realistic was the appearance of the colonoscope control head?
7. How realistic was the weight of the colonoscope insertion tube?
8. How realistic was the appearance of the colonoscope insertion tube?
9. How realistic was the length of the colonoscope insertion tube?
3. Anatomical Structure
10. How realistic was the length of the colon?
11. How realistic was the degree of angulation at the rectosigmoid junction?
12. How realistic was the degree of angulation at the sigmoid-descending colon junction?
13. How realistic was the degree of angulation at the splenic flexure?
14. How realistic was the degree of angulation at the hepatic flexure?
4. Visual
15. How realistic was the visual representation of colonic mucosa?
16. How realistic was the visual representation of vascular patterns?
17. How realistic was the visual representation of lesions and abnormalities?
18. How realistic was the visual representation of the light reflex?
19. How realistic was the visual representation of fecal residue?
20. How realistic was the visual representation of haustra/folds?
21. How realistic was the appearance of the rectum?
22. How realistic was the appearance of the sigmoid colon?
23. How realistic was the appearance of the descending colon?
24. How realistic was the appearance of the transverse colon?
25. How realistic was the appearance of the ascending colon?
26. How realistic was the appearance of the cecum?
27.How realistic was the appearance of the appendiceal orifice?
28. How realistic was the appearance of the ileocecal valve?
29. How realistic was the appearance of the terminal ileum?

30. Overall, how realistic was the visual representation of the colon?

Mean importance,
1to6(SD)

4.74 (0.87)

4.32(0.89)
4.47 (1.12)

3.84 (1.17)

4.95 (0.71)
5.00 (1.00)
4.95 (0.91)
4.05 (1.18)
5.05 (0.91)

5.00 (1.05)
5.21(0.54)
5.26 (0.56)
5.16 (0.76)

5.16 (0.69)

3.95 (0.97)
3.58 (1.46)
4.21(1.23)
4.21(1.18)
3.47 (1.07)
4.16 (1.30)
3.84 (1.21)
3.84(1.21)
3.79 (1.23)
4.00 (1.15)
3.79 (1.13)
4.89 (0.88)
4.53 (0.96)
4.84 (0.96)
4.32 (1.06)

4.47 (1.17)
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Supplementary Table 1. Continued

Mean importance,
Realism Sub-scale Items 1to 6 (SD)

5. Visual Response

31. How realistic was the response of the visual image when you advanced the scope? 5.42 (0.51)
32. How realistic was the response of the visual image to steering maneuvers? 5.47 (0.61)
47.How realistic was the response of mucosal folds to subtle steering maneuvers of the colonoscope? 5.05 (0.91)
6. Haptic Response
33. How realistic was the amount of forward insertion force required? 5.74 (0.45)
34. How realistic was the amount of “torque” (clockwise or counter-clockwise rotational force) required? 5.79 (0.42)
35. How realistic was the feel of resistance to movement of the colonoscope shaft? 5.79 (0.42)
36. How realistic was the feel of resistance to movement of the colonoscope steering controls? 5.42 (0.77)
37. Overall, how realistic was the feel of resistance to movement of the colonoscope? 5.68 (0.48)
7. Insufflation and Deflation
38. How realistic was the visual representation of air insufflation? 4.84 (0.60)
39. How realistic was the visual representation of air deflation? 4.89 (0.57)
40. How realistic was the feel of the air/water button? 437 (1.34)
41. How realistic was the visual representation when suction was applied? 5.00 (1.20)
42. How realistic was the feel of the suction button? 447 (1.31)
45. How realistic was the response of mucosal folds to air insufflation? 4.74 (1.10)
46. How realistic was the response of mucosal folds to suction? 484 (1.12)

8. Navigation Difficulty

43. How realistic was the difficulty of navigating the colonoscope around bends and angulations? 5.79(0.42)
44. How realistic was the difficulty of navigating the colonoscope around mucosal folds? 5.63 (0.50)
9. Looping
48. How realistic was the ease with which loops formed? 5.74 (0.45)
49. How realistic was the extent of any looping that occurred? 5.79 (0.42)
50. During looping, how realistic was the extent of any paradoxical scope motion? 5.63 (0.50)
51. During looping, how realistic was the feel of resistance to movement of the colonoscope shaft? 5.95(0.23)
52. During looping, how realistic was the location within the colon of resistance and paradoxical motion? 5.79 (0.42)
53. How realistic was the response of the simulator to loop reduction with typical techniques? 5.84 (0.37)
54. Overall, how realistic was the simulation of looping during insertion? 5.74 (0.45)

10. Patient Discomfort

55. How realistic was the amount of pain/discomfort experienced by the simulated patient? 4.89 (1.05)

56. How realistic was the auditory feedback provided about patient pain/discomfort? 4.21(1.03)

57. How realistic was the visual feedback provided about patient pain/discomfort? 3.89 (0.99)

58. Overall, how realistic was the simulation of patient pain/discomfort? 4.53(1.17)
N/A

59. Overall, how realistic was the colonoscopy simulator? N/A
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