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Abstract

Purpose: Laparoscopic duodenal atresia (DA) repair is a relatively uncommon pediatric operation requiring
advanced minimally invasive skills. Currently, there are no commercial simulators available that address
surgeons’ needs for refining skills associated with this procedure. The purposes of this study were (1) to create
an anatomically correct, size-relevant model and (2) to evaluate the content validity of the simulator.
Materials and Methods: Radiologic images were used to create an abdominal domain consistent with a full-term
infant. Fetal bovine tissue was used to complete the simulator. Following Institutional Review Board exempt
determination, 18 participants performed the simulated laparoscopic DA repair. Participants completed a self-
report, six-domain, 24-item instrument consisting of 4-point rating scales (from 1 = not realistic to 4 = highly
realistic). Validity evidence relevant to test content and response processes was evaluated using the many-facet
Rasch model, and evidence of internal structure (inter-item consistency) was estimated using Cronbach’s alpha.
Results: The highest observed averages were for ‘‘Value as a training and testing tool’’ (both observed
averages = 3.9), whereas the lowest ratings were ‘‘Palpation of liver’’ (observed average = 3.3) and ‘‘Realism of
skin’’ (observed average = 3.2). The Global opinion rating was 3.2, indicating the simulator can be considered
for use as is, but could be improved slightly. Inter-item consistency was high (a = 0.89).
Conclusions: We have successfully created a size-appropriate laparoscopic DA simulator. Participants agreed
that the simulator was relevant and valuable as a learning/testing tool. Prior to implementing this simulator as a
training tool, minor improvements should be made, with subsequent evaluation of additional validation evidence.

Introduction

Laparoscopic duodenal atresia (DA) repair is a
complex and technically challenging operation. It also

has a steep learning curve, as evidenced by higher conversion
rates and operative times for surgeons with little or no ex-
perience in the laparoscopic approach to DA repair.1 How-
ever, more concerning than the duration of the operation is
that early in the evolution of the technique, there were several
anecdotal (unpublished) reports of high leak rates. In fact,
one center completely abandoned the operation after an un-
acceptably high leak rate, only to resume the operation sev-
eral years later, after substantial improvements in technique
and skill.2 These data cumulatively support not only a steep
learning curve, but also that the learning curve may be
placing infants at risk of serious morbidity.

Simulation-based education is a valuable adjunct to tra-
ditional surgical training. It is perfectly suited to maximize

patient safety, yet provide ample opportunities for deliberate
practice of complex technical skills. We have previously
presented our work on the creation of several different min-
imally invasive simulators for congenital anomalies.3–6

Using similar methods, we created a laparoscopic DA repair
simulator. The purpose of this study was to evaluate three
levels of validity evidence—test content, response processes,
and internal structure—to support or refute its use in pediatric
surgical education.

Materials and Methods

Study setting and participants

After review and exempt determination by Ann and Robert
H. Lurie Children’s Hospital of Chicago Institutional Review
Board, data were collected during a national pediatric surgery
meeting. In total, 18 participants contributed to this study. Ten
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participants completed the procedure and rated the simulator
during an advanced neonatal minimally invasive surgery
training course, whereas the remaining eight participants
completed the procedure and rated the simulator outside of the
course. The majority of participants had extensive experience
with operative repair of DA, self-reporting a mean of 25 (range,
0–100) previous open DA repairs, with only one participant
reporting no prior history with the operation. For analyses, the
participants were divided into novice and experienced groups
based on self-reported experience with laparoscopic DA repair.
Novice participants (n = 12) self-reported a mean of 0.5 (range,
0–3) prior laparoscopic DA repairs, with nine reporting no
prior experience with the laparoscopic approach. Experienced
surgeons (n = 6) self-reported a mean of 8 (range, 4–15) prior
laparoscopic DA repairs.

Simulator

As previously described, the external surround of the DA
repair simulator was assembled using the lower half of a
neonatal rib cage, a pelvis, and a stabilizing base (Fig. 1),
with a synthetic skin overlay.7,8 The simulator was completed
with second-trimester fetal bovine tissue (Animal Technol-
ogies, Lubbock, TX). The abdominal block of tissue (spleen,
four-compartment stomach, duodenum, small and large in-
testine, liver, and pancreas) was surgically modified until it
was appropriately size for the abdominal space of the simu-
lator. The tissue was then secured in a configuration consis-
tent with a type I DA. Participants were provided with 3-mm
instruments and a 4-mm telescope (Karl Storz Endoscopy–
America, Segundo, CA) to complete the procedure.

Measures and rating procedures

All participants completed a 24-item, self-report, six-
domain instrument consisting of 4-point rating scales (from

1 = not realistic to 4 = highly realistic), with a ‘‘Not sure’’
option recoded as missing data. Twenty-three items covered
six domains including Physical Attributes, Realism of Mate-
rials, Realism of Experience, Ability to Perform Task, Value,
and Relevance. Additionally, a 4-point global rating was used
to measure participants’ overall impression of the simulator.

Analyses

In order to evaluate validity evidence, we used the Stan-
dards for Educational and Psychological Testing (Standards),
the guide developed jointly by the American Education Re-
search Association, the American Psychological Association,
and the National Council on Measurement in Education.9 The
current Standards framework identified five different sources
of validity evidence: (a) test content, (b) internal structure, (c)
response processes, (d) relationships to other variables, and
(e) consequences of testing. We used this work to evaluate
three sources of validity evidence—test content, response
processes, and internal structure.

To analyze the difference sources of validity evidence, we
used methods from both modern measurement and classical
test theories. Similar to methods used in previous work to
evaluate evidence of test content, we used a many-facet Rasch
model10 to analyze three Rasch indices—observed averages,
point-measure correlation, and Rasch item-fit statistic. To
evaluate validity evidence relevant to response processes, we
examined Rasch person fit statistics and rating differences
across participants’ experience levels using a many-facet
Rasch model. Analyses of the self-report survey measures
were performed using Facets software version 3.68.2 (Linacre,
2011).11 To evaluate evidence relevant to internal structure we
estimated inter-item consistency using Cronbach’s alpha.
Statistical analysis was performed using IBM SPSS statistical
software (version 22.0; IBM Corp., Armonk, NY).

Results

Evidence relevant to test content

Observed averages. In descending order, the combined
observed averages of the six domains were 3.9 (Value), 3.9
(Relevance), 3.6 (Realism of Experience), 3.5 (Realism of
Materials), 3.5 (Physical Attributes), and 3.5 (Ability to Per-
form Task), out of a maximum score of 4.0. As shown in Table
1, closer examination indicated the highest-rated items from
the survey were ‘‘Value of the simulator as a training tool’’
(3.9), ‘‘Relevance to my practice’’ (3.9), and ‘‘Value of the
simulator as a testing tool’’ (3.8), whereas the lowest ratings
were associated with ‘‘Realism of skin’’ (2.2), ‘‘Realism of
duodenal anatomy’’ (2.4), and ‘‘Realism—overall impression
of the simulator materials’’ (2.5). The observed average of the
Global opinion ratings was 3.2 (out of 4.0), indicating that on
average, participants believed the simulator ‘‘could be con-
sidered for training, but could be improved slightly.’’

Point-measure correlations. For the survey, all of the 24
items had positive point-measure correlations (range, 0.24–
0.76). This indicates that each item of the survey contributed
useful information to the construct as a whole. For the purpose
of this work, positive point-measure correlations offer evi-
dence of the raters’ scores aligning with their observations, so
that we can make inferences about the quality of the simulator
with confidence.

FIG. 1. Three-dimensional printed abdominal model used
for laparoscopic duodenal atresia repair.
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Rasch item-fit indices. All items’ Rasch Outfit Mean-
Square (MS) values fell between - 2.0 and 2.0, suggesting a
reasonable amount of variability in responses (agreement) for
all items. Five items’ Outfit MS values fell below 0.5, indi-
cating a relatively high degree of agreement. For the purpose
of this work, this finding supports validity evidence relevant
to test content when paired with high observed averages.
These items—5 (Scaphoid appearance of the abdomen), 10
(Overall impression—all simulator materials), 14 (Realism of
other abdominal organs—liver, intestine), 21 (Value as train-
ing tool), and 22 (Value as testing tool)—had item Outfit MS
values that ranged between 0.27 and 0.43 and high observed
averages that ranged from 3.5 to 3.9. One item, item 24
(Overall global), had an Outfit MS value of 1.55, indicating
slightly elevated variability in ratings. Deeper examination of
the ratings for this particular item indicated a single rating of 1
(‘‘This simulator requires a number of improvements before it
can be considered for use in neonatal DA repair training’’).
Given the small sample size, it is likely that the single extreme
rating affected the Outfit MS value for this item.

Evidence relevant to response processes

Rasch person fit indices. Beginning with the underfitting
participants, none of the 18 participants had outfit MS sta-
tistics higher than the ideal (1.5), indicating a reasonable
amount of ratings variability (error). Although not problem-
atic for the purpose of our study, a review of overfitting

responses indicated two (11.1%) participants had Outfit
statistics below the acceptable boundary of 0.5, suggesting a
relatively high degree of consistency in these participants’
independent ratings. Closer examination of these partici-
pants’ ratings indicate that there may have been a ceiling
effect, with ratings of 3.7 (standard deviation = 0.42) and 3.9
(standard deviation = 0.21). Analysis indicated the majority
(88.9%) of participants had Outfit statistics within acceptable
limits, suggesting inferences from this group of participants
aligned with the ‘‘average’’ participant, further supporting
evidence relevant to response processes.

Rating difference across novice and experienced partici-
pants. Experienced and novice surgeons had identical
overall ratings (observed average = 3.5) (P = .75). Item-level
examination of rating differences between experienced and
novice surgeons using a Mann–Whitney U test indicated no
statistical differences for any of the 14 items (P > .05).

Evidence relevant to internal structure

Inter-item consistency of all items was estimated to be high
(a = 0.89). This index offers a measure of control and when
adequately high indicates these assessment items are grouped
appropriately and measure the same general construct. These
data allow us to make inferences from our findings with a
high degree of confidence and offer evidence of internal
structure.

Table 1. Observed Averages Across Six Domains, 24 Items

Domain Item Rating (out of 4)

Physical Attributes
(average = 3.5)a

1. Abdominal length 3.72
2. Abdominal width 3.72
3. Total abdominal space 3.25
4. Ability to palpate the liver edge 3.78
5. Scaphoid appearance of the abdomen 3.61
6. Overall position of structures

inside the abdominal domain
3.65

Realism of Materials
(average = 3.5)a

7. Skin 2.23
8. Ribs/pelvis 3.44
9. Stomach and duodenal tissue 2.67

10. Overall impression—all simulator materials 2.56
Realism of Experience

(average = 3.6)b
11. Amount of instrument resistance of the abdominal wall 3.29
12. Realism of stomach anatomy during DA repair 3.67
13. Realism of duodenal anatomy during DA repair 2.44
14. Realism of other abdominal organs (liver, intestine) 3.47
15. Does the simulator represent the expected

experience during a neonatal DA repair?
3.69

Ability to Perform Tasks
(average = 3.5)c

16. Acquisition of target trocar sites 3.72
17. Ability to safely place trocars/instruments into abdominal cavity 3.72
18. Ability to Kocherize the duodenum 3.50
19. Ability to create duodenotomies 3.29
20. Ability to complete duodenoduodenostomy 3.11

Value (average = 3.9)d 21. Value as training tool 3.94
22. Value as testing tool 3.83

Relevance (average = 3.9)e 23. Relevance to practice 3.89
Overall rating 24. Global assessment 3.20

aWhere 3 = adequate realism as is, but could be improved.
bWhere 4 = highly realistic, no changes needed.
cWhere 3 = somewhat easy to perform.
dWhere 4 = great deal of value.
eWhere 4 = highly relevant to my practice.
DA, duodenal atresia.
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Discussion

Within pediatric hospitals, preventable adverse events
most commonly occur in surgical patients, with infants ac-
counting for a staggering 50% of these errors.12 Although not
all of these errors are directly attributable to new technology,
learning curves associated with the application of new tech-
nologies, devices, and/or procedures remain a preventable
source of perioperative error. As a key component of risk
mitigation strategies, simulation-based educational tools are
being sought across several different surgical disciplines and
subspecialties. A simulated operating room provides for
maximal patient safety, while still offering opportunities for
learners to practice to proficiency. For pediatric surgeons, a
limitation in the use of simulation-based education has been
the lack of relevant simulation models for complex opera-
tions. To this end, we sought to create a realistic and relevant
laparoscopic DA repair simulation and to evaluate three
levels of validity evidence—test content, response processes,
and internal structure—to support or refute its use in pediatric
surgical education.

Our initial validity evidence suggests that our novel lapa-
roscopic DA repair simulator is valuable as an educational
and testing tool, is relevant to clinical practice, and has many
of the physical attributes of an infant with DA. These findings
are supported by high observed averages across all domains,
high estimated internal consistency across all quality mea-
sures of the simulator, and high participant agreement indi-
cated by the Rasch person and fit indices. These results
support validity evidence relevant to test content, response
processes, and internal structure, as defined by the Standards
for Educational and Psychological Testing.9

The highest ratings across all 24 items were ‘‘Value as a
training tool,’’ ‘‘Value as a testing tool,’’ and ‘‘Relevance to
practice.’’ Not only were these the highest rated categories,
but these ratings were reflective of a fairly diverse pool of
participants with variable experience in both open and lapa-
roscopic repair of DA. These data support the use of this
model as an educational tool not only for graduate medical
education, but also for continuing medical education. How-
ever, these data are perhaps even more interesting given
that the lowest scores were in ‘‘Realism of materials’’ and
‘‘Realism of duodenal anatomy.’’ Perhaps the participants’
evaluation of the model was more a reflection of its future
potential, rather than in its current form.

Low scores for ‘‘Realism of materials’’ and ‘‘Realism of
experience’’ are likely both rooted in the same design flaws of
the model. The preparation of the fetal bovine tissue was
difficult and labor intensive, especially in the beginning of
our research. The majority of the liver must be removed and
then stabilized in the right upper quadrant. At the time of data
collection, we had not yet developed a reliable method of
liver stabilization, which in turn leads to excess movement of
the liver and duodenum during the procedure. We have since
developed a liver stabilizer to help with fixation of the liver in
an anatomically correct location and orientation.

The bovine stomachs present a unique opportunity, while,
at the same time, a challenging anatomic configuration
problem. The fetal bovine stomach has four different com-
partments that are all interconnected. Relevant to DA, the
transition from the fourth stomach to the proximal duodenum
is notable for having a marked size discrepancy. For all

practical purposes, the transition looks like a type I DA (Fig.
2). The transition of the third stomach into the fourth stomach
then mimics the appearance of the pylorus. Although the pure
serendipity of such a finding is wonderful, the accurate po-
sitioning of the stomachs and the duodenum proved to be
difficult. Again, at the time of data collection, we were early
in our own learning curve for the preparations of the speci-
mens. With added experience and additional surgical modi-
fications of all of the stomach compartments, the anatomy in
subsequent versions of the model is more similar to the
findings in infants with DA. The tissue stabilization and an-
atomic modifications continue to evolve as we collect va-
lidity evidence with subsequent iterations of the model.

Although not explicitly queried on the survey, several
participants also noted that the mucosa and serosa were very
difficult to differentiate from each other. Specifically, with
the lack of tissue perfusion, both layers of the intestine were
the exact same pale flesh-like color. Newer versions of the
model include stomach and duodenal luminal flushes with red
food coloring, resulting in a pink-red enhancement of the
mucosa without affecting the color of the serosa.

We have addressed all of the apparent design flaws with
significant structural modifications, and the participant sur-
vey has been modified to allow continued evaluation of these
critical quality measures of the simulator. Yet, despite these
flaws, participants overwhelmingly support the use of the
model as an educational tool with the extremely high ‘‘Value’’
and ‘‘Relevance’’ ratings. Finally, the overall ‘‘Global
assessment’’ rating was 3.2, consistent with ‘‘this simulator
can be considered for use in laparoscopic DA training, but
could be improved slightly.’’ These data support the use of a
modified version of the laparoscopic DA repair simulator in
pediatric surgical education.

The biggest question—whether deliberate practice on our
laparoscopic DA simulator will be able to improve patient
outcomes—remains to be studied. Although not surprising
given the relative paucity of pediatric-specific simulation de-
vices, there are no data on the transferability of pediatric-
specific surgical skills from the simulation lab to the operating
room. There are several barriers limiting our ability to collect
these data. First, the design modifications for the model need to
be further evaluated, ensuring that any new modifications re-
sult in improved realism. Only with these data can we begin to
collect performance metrics from a variety of different learner
groups. Second, we have not yet evaluated whether perfor-
mance metrics on the simulator can objectively discriminate

FIG. 2. Bovine anatomy replicating type I duodenal atresia.
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between novice and experienced pediatric surgeons. Third, a
comprehensive curriculum will need to be created that incor-
porates all of the cognitive, technical, and nontechnical skills
integral to the safe performance of a duodenoduodenotomy.
After performance improvements are documented in simula-
tion, we can begin to query the translation of these results to
our patients. Yet, the final barrier is one that is inherent in the
majority of operations for congenital anomalies—they are
rare. It will only be possible to examine patient-level data with
a multi-institutional trial.

There are several limitations related to the interpretation
and applications of the findings presented in this study. These
data were collected from a volunteer pool of participants
at a national pediatric surgery meeting. We are unable to
determine if the baseline opinions, interests, and/or perfor-
mance characteristics of volunteers are different from a cross-
section of pediatric surgeons across a variety of regions and
practice models. Second, our participation pool is relatively
small, which may impact the variability of the ratings,
thereby falsely reassuring us as to the validity of our mea-
sures. Third, these data represent the first prototype of a
simulation model that has undergone several subsequent
changes. Although we anticipate the changes will only strengthen
our evidence, ongoing evaluation of validity evidence is
necessary. Finally, we have only begun to examine three of
the five levels of validity evidence, and ongoing evaluation
is required to ensure optimum simulator quality.

In conclusion, we have created a highly valued and rele-
vant laparoscopic DA repair simulator. Initial validity evi-
dence relevant to test content, response processes, and internal
structure indicates structural refinement requirements, partic-
ularly as it relates to the tissue preparation and positioning of
the tissue within the model, and the ongoing collection of
additional validity evidence from a refined model.
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