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ABSTRACT

Objective: The growing use of simulation-based training makes it necessary to develop efficient train-
ing programs in order to ensure optimal use of time and resources. Our aim was to develop and
gather validity evidence for a simulation-based test in ureteronephroscopy and set a pass/fail standard
for the test that will allow future mastery learning.

Design: This study is a validation study. A test in ureteronephroscopy and stone removal on the URO
Mentor™ virtual reality simulator (3D Systems, USA) was developed by two experienced urologists in
order to ensure content. Participants with different experience completed three standardized tasks on
the simulator and simulator-generated metrics were used as outcome parameters to minimize bias
and ensure a fair response process.

Results: Twenty novices, 15 intermediates, and 8 experienced urologists were included in the study.
Validity evidence for internal structure and relationship to other variables was questionable with weak
and mostly insignificant correlations across all four metrics (Cronbach’s alpha = 0.14, p=0.15) and
across the three modules (Cronbach’s alpha = 0.41 (p=0.02), 0.35 (p=0.06), 0.10 (p =0.35), and 0.30
(p=0.09) for each metric, respectively). It was not possible to establish a pass/fail score for the simula-
tion test with meaningful consequences.

Conclusion: Our study showed that automatically generated simulator metrics cannot be used as a
valid way of assessing competence in ureteronephroscopy. Virtual-reality simulator training could still
be a valuable and patient-safe way to practice these skills, but an experienced supervisor is needed to
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determine when the trainee is ready to continue to supervised practice on patients.

Introduction

In recent years, the management of upper urinary stones has
shifted from shock wave lithotripsy (SWL) to endoscopic
treatment [1]. This shift is also reflected in European and
American guidelines on the treatment of ureteral and renal
stones [2,3]. This shift demands sufficient training programs
and a valid assessment of competence for urology residents.

Junior doctors in the field of urology must acquire many
new skills and much time must be spent in the operating
theatre. The traditional Halstedian apprenticeship model;
“see one, do one, teach one” has so far been the gold stand-
ard of acquiring surgical skills. However, this type of training
and apprenticeship is performed on patients and often lacks
structure. Further, it can be difficult to rely on operating
time for supervised training in a busy and sometimes stress-
ful everyday setting.

Simulation-based training is the optimal way to ensure
competency without endangering patient safety. A mastery
learning curriculum ensures that all trainees have sufficient
time to practice and learn new skills, however, it is crucial to
have a valid test to ensure that all trainees have reached
competency at the end of the training programme.

Traditionally, competence in surgery has been defined
based on the number of procedures done. However, all train-
ees learn at different paces and the performance of a prede-
fined number of performed procedures can never ensure
competency [4]. In the development of a training curriculum
for a specific procedure, it is important to have a final test
with a credible pass/fail criterion in order to distinguish
between those who have acquired the intended skills of the
procedure and those who have not. Although several studies
have described the effect of simulation-based training in ure-
teronephroscopy [1,5-9] there have been no studies describ-
ing a pass/fail to set for the acquired skills.

It is crucial to gather validity evidence for the test in order
to ensure that the test measures what it is supposed to. In
the last century, there has been a shift in the way of thinking
validity [10-13]. At the beginning of the twentieth century,
face validity, content validity, and criterion validity were the
main methods to establish test validity. In 1954, construct
validity was introduced and used as an overall term [14].

The modern approach of thinking validity was first pre-
sented by Messick in 1989. Messick’s framework is based on
five different sources of validity: content, response process,
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internal structure, relations with other variables, and conse-
quence of the test. This framework was adopted as a stand-
ard in 1999 and confirmed again in 2014 by the American
Educational Research Association, American Psychological
Association, and National Council on Measurement in
Education [15].

The aim of this study was to develop and gather valid evi-
dence for a simulation-based test of competence in uretero-
scopy on the URO Mentor, (3D Systems, USA) in order to set
a pass/fail criterion necessary for mastery-learning.

Materials and methods
Development of the test

The test on the URO Mentor was developed by two experi-
enced urologists (KA and RBH) in ureteronephroscopy in
order to ensure content validity. The test assesses skills of
ureteronephroscopy and stone removal in different cases
with increasing difficulty. There is accounted for both “floor”
and “ceiling” effect in the development of the test by using
cases with increasing difficulty.

A pilot study was carried out with one experienced urolo-
gist and one novice to clarify if the test was relevant and
feasible to complete.

The test consisted of three case modules on the simulator,
Stone manipulation 2 (SM2) with a distal ureteral stone,
Stone manipulation 7 (SM7) with a calyceal stone in the right
kidney and Stone manipulation 9 (SM9) with an obstructing
mid-pole kidney stone on the left side.

In all three cases, the participants had to place a guide-
wire in the ureteral orifice with a rigid cystoscope, change to
a ureterorenoscope and subsequently disintegrate the stone
with a holmium laser. Finally, the stone should be retracted
with a tip-less stone basket.

Setting and participants

The test was performed on URO Mentor from 3D Systems. The
participants included novices, intermediate residents and expe-
rienced urologists in ureteronephroscopy and stone removal.

Novices were defined as medical students having no prior
experience with ureteronephroscopy, intermediates were
defined as residents in urology having performed between
five and 50 procedures, and experienced were defined as
having performed more than 100 procedures.

The participants in the group of experienced urologists
and the intermediate group were from the Urological depart-
ments in Herlev and Gentofte Hospitals, Roskilde and
Rigshospitalet and were invited through written invitations.
The medical students in the group of novices were invited
through university communication channels.

Test procedure

In order to clarify prior experience with the simulator and
prior experience with endoscopy, the participants filled out a
schedule of background information.

All participants completed the same warm-up session of
15min on the URO Mentor to become familiar with the
simulator. The warm-up session consisted of two modules on
the simulator, Basic Task 3 and 7.

After the standardized warm-up session, the participants
completed the three case modules SM 2, SM 7 and SM 9
once each. There was a time cap of 15min for each of the
three case modules.

During the test, the participants had assistance in relation
to the use of guidewires, drain/flush function, pyelography,
fluoroscopy and baskets to the same extent as in real-life
endoscopic surgery. The assistant was one of two doctors
(RBH or JD) trained in using the URO Mentor.

A sheet with a description of the three case modules
(SM2, SM7 and SM9) was available to the participant
throughout the entire procedure.

The assistant was not allowed to help the participant with
the procedure except with the before mentioned practical
help. The assistant was not allowed to give tips and tricks
regarding the procedure.

In order to ensure the response process, all participants
(novice, intermediates and experienced) were tested in the
exact same way, had the same amount of warm-up time on
the simulator and the same available assistance to complete
the different tasks. Metrics were used in order to elimin-
ate bias.

Data collection and analysis

All participants were given a username on the simulator with
a letter categorizing the group (N for novices, | for intermedi-
ates and E for experienced) as well as a number for unique
identification (i.e. NOO1).

All participants gave written consent that the data from
the simulator was collected and used for data analysis.

Outcome measures

Based on experiences from the pilot study, the following var-
iables were omitted from further test and analysis: x-ray
time, as there is little clinical relevance of this parameter and
the pilot test showed that the x-ray was only used for few
seconds in each of the cases.

Total fragmentation time would be relevant in a clinical
setting, but there was no difference seen in the test setting/
pilot test.

Perforations were omitted from the test as there were no
occurrences in neither of the groups.

In the parameter Laser work less than 3mm from scope,
the experienced urologist performed worse than the novice
therefore this parameter was removed as well. The parameter
Trauma from tools had a lot of missing data, and therefore
this parameter was not included either.

Four variables were left for analysis: total time of proced-
ure, trauma from scope, time to progress from orifice to
pathology, and number of attempts to insert guide wire to
ureteral orifice.



Statistics

IBM SPSS Statistics (SPSS) Version 25 was used for statis-
tical analysis.

Validity evidence for the internal structure was explored
by calculating Cronbach’s alpha across all four metrics (i.e.
internal consistency reliability exploring whether the four
metrics measure the same trait) and for each of the metrics
across all three modules (i.e. test-retest reliability exploring
whether participants perform consistently from one module
to the next)

The relationship to other variables (i.e. the ability of the
simulator metrics to discriminate between the three groups)
was examined by Analysis of Variances (ANOVA) for normally
distributed data (as assessed by skew and kurtosis and
Shapiro Wilk's test) and independent samples Kruskal-Wallis
test for non-parametric data.

We planned to explore Consequences by establishing a
pass/fail-standard using the contrasting groups’ standard-
setting method [16] and report the number of false positives
(i.e. novices that pass the test) and false negatives (i.e. expe-
rienced that fail the test).

Results

A total of 44 participants participated in the study. One inter-
mediate participant was excluded due to damage to the
semirigid scope, and could therefore not complete the test,
resulting in 15 intermediate participants, 20 novices, and
eight experienced urologists included in this study. The
demographic information on the participants can be seen in
Table 1.

When looking at the four included simulator metrics
across the different modules SM2, SM7 and SM9, validity evi-
dence for the internal structure were questionable. Across all
fours metrics, Cronbach’s alpha was 0.14 (p=0.15).

Across the three modules Cronbach’s alpha for total test
time was 0.41 (p=0.02), for the time from orifice to path-
ology it was 0.35 (p=0.06) and for a total number of trauma
caused by the scope and a total number of attempts to
place guidewire, it was 0.10 (p=0.35) and 0.30 (p=0.09)
respectively.

Table 1. Background information on participants.

Novices Intermediates Experienced

Number 20 15 8
Female gender % 70% 73% 63%
Age, mean (SD) 29.2 (1.9) 34.6 (3.9) 48 (10.9)
Years as doctor, mean (SD) 0.8 (1.2) 6.4 (3.9) 19.7 (9.4)
Number of ureteroscopies, mean (SD)

Supervised 0 8.5 (15.3)

Performed independently 0 12.1 (10.1)  421.3 (299.4)
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Validity evidence for the relationship to other variables was
limited (Table 2). The metrics “total time from orifice to path-
ology” and “total number of attempts to place guidewire”
could significantly discriminate between the novices, inter-
mediates, and experienced urologists (p=0.03 and p=0.04,
respectively) however, the group differences in total test
time and the total number of trauma caused by scope were
not significant (p =0.10 and p=0.11, respectively).

It was not possible to establish a pass/fail score for the
simulation test with meaningful consequences.

The scores in the different groups on the different param-
eters are described in Table 2.

Discussion

We here present a study where the simulator metrics from
the UroMentor could not be used to assess uretero-
scopy competence

We found that only a few of the metrics on the simulator
could differentiate between experienced urologists and novice
doctors in performing stone removal and ureterorenoscopy.

Similar results were found in a study from 2018 by Aloosh
et al. [17] where 30 urology residents were tested on the
URO mentor at OSCE. The participants were assessed on a
Global rating scale (GRS) for ureteroscopy and the metrics
from the simulator were evaluated. There was no significant
difference between competent and non-competent partici-
pants when looking at the simulator metrics, however, the
participants with prior training had a significantly higher GRS
score than those without prior training (p < 0.001).

Furthermore, they found a positive correlation between
previous ureteroscopy experience and trauma from the
scope on the simulator. The authors discuss this as an effect
of the experienced participants having more experience in
the OR and therefore would be more confident on the simu-
lator and thus less careful. This was similar to the findings of
our study, where the experienced urologists had almost the
same amount of trauma from the scope in SM2 as the novice
group. This also supports our significant finding in the metric
“total time of progressing from the orifice to pathology” in
SM7, where a calyceal stone should be extracted from the
right kidney. The experienced group performed significantly
faster than the novices and intermediates showing confi-
dence on the simulator based on previous experience from
the OR.

Our study showed a significant difference in total time in
SM2 between the three groups. However, it was the inter-
mediate group who was faster, and not the experienced
group as could be expected. This could be due to the experi-
enced group’s extensive knowledge of the procedure and
wanting to perfect the procedure by for example dusting
the stone.

Table 2. Simulator metrics scores for novices, intermediates, and experienced operators.

Novices Intermediates Experienced
Total test time in seconds Mean (SD) 1957 (417) 1751 (319) 1710 (404) p=0.10
Total time from orifice to pathology in seconds Median (range) 241 (135-534) 173 (84-335) 149 (110-254) p=0.028
Total number of trauma caused by scope Median (range) 27 (13-230) 22 (15-30) 21 (13-29) p=0.11
Total number of attempts to place guidewire Median (range) 8 (4-44) 5 (3-23) 5(3-12) p=0.042
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Even though our study concludes that the simulator met-
rics cannot be used to set a pass/fail standard, previous stud-
ies have shown an effect of training on the acquisition of
stone removal skills and ureteroscopy on the URO Mentor.
Wilhelm et al. [5] found that medical students who were
tested before and after training on the simulator (evaluated
on a GRS by two experienced urologists) had a significantly
higher posttest score in the training group than those who
did not train on the URO Mentor.

Virtual reality simulators can be used both for the training
of skills and for the assessment of skills. It is furthermore
important that simulator-based training is validated and
transferred towards the actual procedure. Numerous studies
have shown trainees to improve their performance in the OR
after training on a simulator and a wide variety of training
options and models are available, however, there are only a
few transfer studies validating the transfer of simulator
acquired ureteroscopy skills to the OR [18-20].

Some studies have shown simulator metrics to distinguish
between novices and experienced [21] but the assessment
can also be made by using OSATS or global rating scales
[22,23]. This demands an experienced surgeon/physician to
be present in order to determine whether the trainee has
reached a sufficient level or not. The time of doctors is costly
and sparse, and therefore alternative solutions can be used.
A previous study has shown video-based assessment to be a
reliable tool for assessing the performance in cystoscopy [24]
and another study showed that medical students could
assess performances as well [25].

Another argument to use the URO Mentor in a learning
curriculum for urologists was presented by Dolmans et al.
[26] in a study from 2009 examining the realism of the simu-
lator. Eighty-nine urologists and residents filled out a ques-
tionnaire after having performed tasks of urethra-cystoscopy
and ureterorenoscopy on the URO Mentor. They reported a
high degree of realism and usefulness of the simulator. The
haptic aspects of the simulator received lower ratings, which
also supports our findings that the experienced urologists
had equal amounts of trauma from the scope as did the
novices in SM2. The lack of haptic feedback on the simulator
might also explain the high amount of trauma from the
scope in SM9.

One participant in the intermediate group was excluded
from our study, as the participant broke the semirigid scope
in SM2. This furthermore emphasizes the importance of
simulator training prior to performing procedures in real life
in order to ensure patient safety and longevity of the scopes.

A review by Hosny et al. regarding the durability and
repair of scopes discusses that one factor in the durability of
scopes is whether they are used in high volume centres or
not, but the study also concludes, that guidelines on the use
of ureteroscopes and simulated training can reduce the rate
of ureteroscope damage [27]. Even though the technology of
flexible scopes has evolved significantly, the scopes still lose
deflection ability, and fibres break with the use [28]. In a
study by Martin et al. looking at the economic implications
of the use of reusable flexible ureteroscopes, the average
time to failure of reusable scopes was 12.5 cases and

resident trainees were involved in all cases where the scope
was damaged [29].

Data compiled from four major ureteroscope manufac-
turers concluded that the most common types of damage to
flexible ureteroscopes were due to working channel damage
(from laser-burn or instrument passage) and scope deflection
with an instrument in the working channel [30]. The same
study concluded that damage to semirigid scopes was due
to over-torquing which was also what we observed in our
study. This further emphasizes the need for training prior to
handling the scopes in an operating room, both for patient
safety, but also to reduce the costs of scope repair.

Our study has several limitations. All novices were volun-
tary participants and it can be expected that they have an
interest in surgery or urology and would therefore perform
better. Another limitation was that the intermediate group
has relatively low URS experience, and this could have
impacted the results.

Conclusion

We found that the automatically generated simulator metrics
from the UroMentor cannot be used as a valid way of assess-
ing competence in ureteronephroscopy. Only a few of the
simulator metrics were able to significantly distinguish
between novices and experienced urologists. Virtual-reality
simulator training could be a valuable and patient-safe way
to practice these skills, but in order to set a pass/fail criter-
ion, there must be an experienced urologist present to deter-
mine if the participant has passed or failed the test.
Alternatively, video-based assessment can be used.
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