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ORIGINAL ARTICLE

Procedure-based assessment for laparoscopic cholecystectomy can replace
global rating scales

Tom H. van Zwietena,b, Sietske Okkemaa, Kelvin H. Krampa, Kim de Jonga, Marc J. Van Detc and Jean-
Pierre E. N. Pieriea,b

aDepartment of Surgery, Medical Centre Leeuwarden, Leeuwarden, The Netherlands; bPostgraduate School of Medicine, University
Medical Centre Groningen, Groningen, The Netherlands; cDepartment of Surgery, Hospital Group Twente, Almelo/ Hengelo, The
Netherlands

ABSTRACT
Introduction: Global rating scales (GRSs) such as the Objective Structured Assessment of
Technical Skills (OSATS) and Global Operative Assessment of Laparoscopic Surgery (GOALS) are
assessment methods for surgical procedures. The aim of this study was to establish construct
validity of Procedure-Based Assessment (PBA) and to compare PBA with GRSs for laparoscopic
cholecystectomy.
Material and methods: OSATS and GOALS GRSs were compared with PBA in their ability to dis-
criminate between levels of performance between trainees who can perform the procedure
independently and those who cannot. Three groups were formed based on the number of pro-
cedures performed by the trainee: novice (1–10), intermediate (11–20) and experienced (>20).
Differences between groups were assessed using the Kruskal–Wallis and Mann–Whitney U tests.
Results: Increasing experience correlated significantly with higher GRSs and PBA scores (all
p< .001). Scores of novice and intermediate groups overlapped substantially on the OSATS
(p¼ .1) and GOALS (p¼ .1), while the PBA discriminated between these groups (p¼ .03). The
median score in the experienced group was higher with less dispersion for PBA (97.2[85.3–100])
compared to OSATS (82.1[60.7–100]) and GOALS (80[60–100]).
Conclusion: For assessing skill level or the capability of performing a laparoscopic cholecystec-
tomy independently, PBA has a higher discriminative ability compared to the GRSs.
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Introduction

Laparoscopic cholecystectomy is one of the most fre-
quently performed surgical procedures worldwide and
is commonly taught in the first three years of surgical
training. Traditionally, residents are trained according
to the master-apprentice model, in which a consultant
surgeon (the master) provides side-by-side training
and feedback for the resident (the apprentice) until
the consultant surgeon declares that the resident is
capable of performing a certain operation independ-
ently. To increase the reliability and reproducibility of
the qualitative assessment of surgical trainees, several
assessment tools have been developed. Martin et al.

[1] developed the Objective Structured Assessment of
Technical Skills (OSATS) global rating scale in which
quality of technical surgical skills – Respect for
Tissue, Time and Motion, Instrument Handling,
Knowledge of Instruments, Use of Assistants, Flow of
Operation and Knowledge of Specific Procedure – are
rated on a 5-point Likert scale. The OSATS has been
validated in multiple studies and has become the gold
standard for structured feedback in surgical training
in the Netherlands [2–4]. Specifically for laparoscopic
surgery, which requires some unique technical skills,
Vassilliou et al. [5] developed the Global Operative
Assessment of Laparoscopic Surgery (GOALS) to rate
general laparoscopic skills – Depth Perception,

CONTACT Tom H. van Zwieten thvanzwieten@gmail.com Department of Surgery, Henri Dunantweg 2, Leeuwarden 8934AD, The Netherlands
On behalf of the expert panel representing the North-East Surgical School of the Netherlands: H.J.van Loon, Hospital Group Twente, W.A. ten Cate,
Hospital Group Twente, K.P. Wevers, Medical Centre Leeuwarden, E.R. Manusama, Medical Centre Leeuwarden, M.A. Kaijser, Medical Centre Leeuwarden,
M. Emous, Medical Centre Leeuwarden, F.A. Dijkstra, University Medical Centre Groningen, R.J. de Wit, Medisch Spectrum Twente, W.R. Hogeboom,
Medisch Spectrum Twente, E. van de Krol, Medisch Spectrum Twente, A.E. Dassen, Medisch Spectrum Twente, F.W.H. Kloppenberg, Treant Care Group
Emmen, B.P.J.A. Keller, Martini Hospital Groningen
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed,
or built upon in any way.

MINIMALLY INVASIVE THERAPY & ALLIED TECHNOLOGIES
https://doi.org/10.1080/13645706.2021.1995000

http://crossmark.crossref.org/dialog/?doi=10.1080/13645706.2021.1995000&domain=pdf&date_stamp=2021-10-23
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/13645706.2021.1995000
http://www.tandfonline.com


Bimanual Dexterity, Efficiency, Tissue Handling and
Autonomy – on a 5-point Likert scale.

GRSs such as the OSATS and GOALS use subject-
ive measures on general technical skills and can there-
fore be used for feedback and discussion (i.e.,
formative assessment). However, GRSs are not suit-
able for the examination or credentialing (i.e., sum-
mative assessment) for specific procedures, because
they lack procedure specificity and related cut-off
scores [4,6–8].

There is an increasing need for transparent and
objective quality assessment and registration of trainee
surgeons and the work they provide for their patients.
The individual judgement of the ‘master’ is no longer
sufficient. Moreover, due to working hour regulations
and rotations through teaching hospitals with growing
surgical departments, residents are often trained by
multiple supervising surgeons who may be unaware
of their portfolio and progression on a learning curve.
To optimize surgical training, structured feedback per
procedure is therefore needed. The PBA (procedure-
based assessment) tool has been proposed as an alter-
native to the GRSs in assessing surgical performance,
which enables clinicians to provide procedural-specific
feedback and could facilitate examination in the per-
formance of a procedure [8].

A PBA assessment form can be composed in sev-
eral ways. A variation of the OSATS extended with
the assessment of technical steps of a specific proced-
ure has been described in previous studies. A PBA
published in 2013 by Glarner et al. formed the basis
for the PBA used in this research [9–11]. The steps of
laparoscopic colon resections were connected to a
scale of independence [12]. The scale of independence
uses the frequency of verbal guidance and takeovers
to assess the quality of surgical skills. In 2014 the
Delphi method was applied to a group of laparoscopic
surgeons to reach a consensus on the key steps in lap-
aroscopic cholecystectomy [13]. In 2016 our research
group published a PBA that consisted of a modified
version of the independence scale of Glarner which
was attached to the key steps obtained through the
Delphi method [12,14]. The PBA was evaluated
together with the OSATS and GOALS on validity,
reliability and support for implementation by letting
seven surgeons and three senior surgical trainees (4–6
post-graduate year (PGY)) assess three blinded videos
of residents performing a laparoscopic cholecystec-
tomy. Higher inter-rater reliability (different assessors
agreed with one another more closely) and validity
was found for PBA than for GRSs, suggesting that
assessment of a series of procedural key-steps, on

which consensus has been achieved, compels to look
at specific elements of operative competence and
thereby gives less room for subjectivity than GRSs
[14,15]. There also was strong support for implemen-
tation. However, for further implementation, the PBA
still needs to be validated in daily clinical practice.

The first aim of the present study was to establish
construct validity for the PBA on laparoscopic chole-
cystectomy and to compare the discriminative ability
of GRSs and PBA during the immediate post-proced-
ural assessment of surgical trainees. The second aim
was to evaluate whether cut-off values could be
derived from PBA for the summative assessment of
being capable of performing a laparoscopic cholecyst-
ectomy independently.

Material and methods

Study population

All surgical trainees and supervising surgeons from
eight teaching hospitals in the North-East Surgical
region of the Netherlands were invited to participate
in this prospective registration study.

Potential candidates for assessment included all
residents who were in their learning curve for laparo-
scopic cholecystectomy, or who had completed their
learning curve and were qualified to perform the pro-
cedure independently.

Data from elective laparoscopic cholecystectomies
were collected between November 2016 and July
2018. All participating hospitals performed at least
200 elective laparoscopic cholecystectomies yearly.
Supervising surgeons and residents all received the
same instruction by an oral presentation during an
initiation meeting in each participating hospital.

A standardized curriculum is used for laparoscopic
cholecystectomy training which is similar for all resi-
dents in the North-East Surgical region and is cen-
trally coordinated in this region. Residents begin this
training with a mandatory course in basic laparo-
scopic skills. All supervisors were qualified surgeons,
meaning that they had performed at least 200 laparo-
scopic cholecystectomies.

Patients were asked for their informed consent for
the cholecystectomy to be performed in a training set-
ting by a resident and a supervising surgeon. Because
this study involved procedures performed in the con-
text of regular care and no patient data were used
(only data provided by physicians), approval from the
medical ethical committee was not required.

The number of procedures performed based on
trainee portfolios was used to form groups. Based on
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experience with the learning curve of laparoscopic
cholecystectomy, we estimated the number of proce-
dures needed to perform a laparoscopic cholecystec-
tomy independently: novice (1–10 laparoscopic
cholecystectomies performed), intermediate (11–20
laparoscopic cholecystectomies performed) and expe-
rienced (>20 laparoscopic cholecystecto-
mies performed).

The Post Graduate Year (PGY) was not used as a
criterion because it is not a reliable indicator of skills
and experience for laparoscopic cholecystectomy in
the Netherlands. This is because residents in the
Netherlands rotate between university medical centres
and non-university teaching hospitals, which means
that their rotation programmes can differ.

Measurements

The OSATS, GOALS and PBA were subsequently
filled in by the supervising surgeons of the residents
that performed the laparoscopic cholecystectomy. The
number of laparoscopic cholecystectomies the resi-
dents had performed was also filled in, based on their
portfolio. The procedures to be assessed were chosen
by the resident scheduled for the procedure. Prior to
each procedure, the trainee and supervising surgeon
agreed to participate in the assessment. Only elective
procedures for uncomplicated cholelithiasis were used
for this. Laparoscopic cholecystectomy for acute
cholecystitis was excluded. If a procedure turned out
perioperatively to be too difficult for the trainee and
the supervisor took over, it was excluded from the
analysis. For each included procedure, all three assess-
ment methods (PBA, OSATS and GOALS) were com-
pleted in random order immediately after each
procedure online. The online assessment forms were
filled in anonymously and the researchers received
output in an Excel file. For participating trainees, it
was optional to receive filled-in forms for their
administration.

Statistical analysis

To evaluate whether the OSATS, GOALS and PBA
could discriminate between levels of experience and
thereby levels of technical skills in performing laparo-
scopic cholecystectomy, the total scores were first
converted into standardized percentage scores of the
maximum achievable score. This was calculated as fol-
lows: percentage score ¼ [(total score – minimum
score)/(maximum score – minimum score)]� 100%.
The maximum score on the PBA is 72 points when

all values were filled in. The PBA contains values
which could be filled in as ‘not applicable’ when cer-
tain steps were not needed, such as adhesiolysis. The
maximum possible score was corrected for steps
which were filled in as ‘not applicable’. The lowest
possible score on the PBA is 0. For the OSATS the
maximum score is 35 and the lowest possible score is
7. For the GOALS the maximum score is 25 and the
lowest possible score is 5.

Boxplots from the OSATS, GOALS and PBA were
created to assess whether the scores could discrimin-
ate between these three levels of experience. The
Kruskal-Wallis test was used to assess differences in
scores between the three groups. In the case of a sig-
nificant Kruskal-Wallis test, the Mann-Whitney test
was performed to assess the difference between the
novice and intermediate group, the intermediate and
experienced group and the novice and experienced
group. To assess the dispersion of the scores within
the groups, the quartile coefficient of variation was
calculated based on the quartile scores ((Q3–Q1)/
(Q3þQ1)). Construct validity was reached when
PBA adequately measured progression and could dif-
ferentiate between groups based on experience level.
To assess whether the scores discriminate between
trainees that received an assessment ‘capable to per-
form the procedure independently’ and those that do
not, boxplots were created and a Mann-Whitney test
was used. Additionally, the area under the curve was
used to estimate the ability of OSATS, GOALS and
PBA to discriminate for being independent on the
laparoscopic cholecystectomy. A cut-off score was
estimated for PBA by measuring sensitivity and speci-
ficity. No false positives were accepted (incorrectly
assessed as an independent) and therefore a 100%
specificity was used. SPSS version 25 (IBM Corp.
Armonk, NY, USA) was used for all statistical analy-
ses. p-value < .05 was considered statistically
significant.

Results

In total, 40 cholecystectomies were registered for
assessment of which five were excluded because of
missing data. For analysis 35 cholecystectomies
(beginner 14, intermediate ten, experienced eleven)
were included, completed by 13 different participants
and 16 different supervisors. Six participants partici-
pated more than once with different procedures and
varying supervisors. Boxplots of the scores from the
three groups are depicted in Figure 1. All three assess-
ment tools showed increasing scores with increasing
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experience levels (all p< .001, see Figure 1 and Table
1). Overall, the PBA scores were higher compared to
the OSATS and GOALS. There was substantial over-
lap in scores between the novice and intermediate
group for the OSATS (p¼ .13) and GOALS (p¼ .10),
while the PBA was the only assessment that discrimi-
nated between these groups (p¼ .04) (Figure 1).

All three assessment tools were able to discriminate
between the intermediate and experienced groups
(Figure 1, all p-values <.001). The median score in
the experienced group was closer to 100 with less dis-
persion for the PBA (median 97.2, range 85.3–100)
compared to the OSATS (median 82.1, range
60.7–100) and GOALS (median 80.0, range 60.0–100)
(Table 1).

On ten assessments, the supervisor stated that the
trainee was able to perform the procedure without
supervision. One assessment with the statement of
capability to perform a laparoscopic cholecystectomy
independently was in the intermediate group, nine
assessments were in the experienced group. The

maximum number of laparoscopic cholecystectomies
performed before being assessed as capable to per-
form the procedure independently was 35. On 25
assessments the supervisor stated that the trainee
could not yet perform the procedure independently.
The median OSATS score in the group that was able
to perform the procedure without supervision was
83.9 (range 60.7–100). In the group that was unable
to perform the procedure independently, the median
score was 60.7 (range 21.4–85.7). The median total
GOALS score was 75.0 (range 60.0–100) for the inde-
pendent group and 55.0 (range 30.0–85.0) for the
group that could not perform the procedure inde-
pendently. The median total PBA score in the inde-
pendent group was 97.2 (range 94.1–100) and 75.0
(range 39.7–95.8) in the group who could not per-
form the procedure independently (Table 2). A box-
plot is shown in Figure 2.

The area under the curve (AUC) (95%CI) for
OSATS was 0.898 (range 0.786–1.000), for GOALS
this was 0.880 (range 0.765–0.995) and for PBA this

Figure 1. Scores from three groups showing substantial overlap between novice and intermediate group in OSATS and GOALS.
PBA discriminates more effectively between all groups.

Table 1. Median (range) and quartile coefficient of dispersion (QCD) of the percentage score of assessment methods in three
groups, with p-values for the difference between the novice versus intermediate and intermediate versus experienced groups.

Novice (1–10)
Intermediate
trainee (11–20)

Experienced
trainee (>20)

p-value for novice
vs. intermediate

p-value for
intermediate vs.
experienced

OSATS Median (range) 55.4 (21.4–85.7) 69.6 (50.0–82.1) 82.1 (60.7–100) p¼ .13 p< .001
QCD 0.24 0.15 0.22

GOALS Median (range) 55.0 (30–65) 60.0 (55–85) 80.0 (60.0–100) p¼ .10 p< .001
QCD 0.15 0.17 0.13

PBA Median (range) 60.9 (39.7–93.8) 79.7 (45.8–95.8) 97.2(85.3–100) p¼ .04 p< .001
QCD 0.04 0.06 0.01

The quartile coefficient of dispersion is a measure of dispersion and calculated as (Q3–Q1/Q3þQ1).
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was 0.985 (range 0.956–1.000). When not accepting
any false-positive measurements (incorrectly assessed
as independent based on the score), a cut-off score
for the PBA was suggested at 96.35. With this cut-off
score, sensitivity was 70% and specificity 100%.

Discussion

Procedure-based assessment (PBA) is a method that
rates trainees on their ability to perform key steps in
a specific procedure by using an independence-based
assessment model. In contrast, the OSATS and
GOALS global rating scales (GRS) use subjective
measures of general technical skills. Although these
skills are essential for performing any surgical proced-
ure, they do not reflect the independence, correctness
and safety of the trainee’s performance on the key
steps that are needed to perform specific procedures.
Therefore, we believe these GRSs are less suitable
instruments for summative assessment.

In this multicentre study, we estimated the dis-
criminative ability of GRSs and PBA by comparing

the scores of these assessment methods, filled in
immediately after the trainee performed a laparo-
scopic cholecystectomy. The progression of the train-
ees in different groups was estimated and the
assessment methods were compared. All three meth-
ods showed a significant difference between the inter-
mediate and experienced groups. In particular, the
statistically significant difference measured by the
PBA between the novice and intermediate groups
indicates that PBA is a more sensitive method and
has more discriminative capability in the lower spec-
trum of scores than OSATS and GOALS. The differ-
ence in skills correlated directly with the level of
experience. This supports the hypothesis that the PBA
adequately measures progression, even to a larger
extend than the OSATS and GOALS do, thus sup-
porting the construct validity of the PBA. These
results also support and extend findings in earlier
studies that validated the OSATS and GOALS [2–4].

Overall, the scores on PBA were higher compared
to OSATS and GOALS. This could be explained by a
high score on assumed ‘easy steps’ at the beginning of

Figure 2. Scores from the three assessment methods for a trainee who is considered capable of performing a laparoscopic chole-
cystectomy independently. For the PBA, this score approached the maximum score with less dispersion compared to OSATS
and GOALS.

Table 2. Median (range) and quartile coefficient of dispersion (QCD) of the
percentage score of all three assessment methods in trainees who could and
could not independently perform a laparoscopic cholecystectomy.

OSATS GOALS PBA

Not independent 60.7 (21.4–85.7) 55.0 (30.0–85.0) 75.0 (39.7–95.8)
QCD 0.20 0.13 0.21

Independent 83.9 (60.7–100) 75.0 (60.0–100) 97.2 (94.1–100)
QCD 0.06 0.12 0.01
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the learning curve, which are scored in the PBA such
as ‘positioning and port insertion’ and ‘ending the
operation’. The wide dispersion in the novice and
intermediate groups which is seen in the scores from
the PBA could also be explained by this. Trainees
who have broad experience with assisting other lap-
aroscopic procedures or performing other laparo-
scopic procedures such as laparoscopic appendectomy
will probably score maximum on these steps at the
beginning of their learning curve. Also, it is conceiv-
able that a maximum score on OSATS or GOALS is
not necessary, because e.g., extensive experience is
needed for optimal efficiency in OSATS.

In the Netherlands, residents rotate between teach-
ing hospitals and are assessed by different supervisors.
One of the main goals of developing and introducing
the PBA for surgical procedures is to increase the
objectivity of assessments made by different supervi-
sors at different teaching hospitals. A total of 16
supervisors participated in this study, which mini-
mised the possible effect of one supervisor being
stricter than another. In our post-hoc analysis, the
scores in different groups were indeed comparable
without outliers.

Multiple studies have shown that GRSs can be
used for formative assessment, but that they are not
reliable for distinguishing between different levels of
performance. They also lack a cut-off value for sum-
mative assessment. Therefore, GRSs cannot be used
for a summative assessment [4,6,8].

For trainees who are considered capable of inde-
pendently performing a laparoscopic cholecystectomy,
the PBA score approaches the maximum score with
little dispersion. In contrast to the OSATS and the
GOALS, the PBA showed little overlap between train-
ees who were not yet capable of performing the pro-
cedure independently and those who were capable. To
support the supervising surgeon, cut-off scores could
be estimated between the trainees who could and
could not yet independently perform the laparoscopic
cholecystectomy. Although numbers are small, these
results suggest that a minimum PBA score of 96 can
be used as a cut-off score to predict whether a trainee
is capable of independently performing a laparoscopic
cholecystectomy (i.e., summative assessment). We
have chosen to maximize the specificity because an
incorrect (false-positive) estimate of being capable of
performing the operation independently is undesir-
able. This would imply that a resident was allowed to
perform a procedure without mastering all key steps.
Determining a cut-off score should however be

subject to further research, including also more com-
plex laparoscopic procedures.

Limitations

This study has several limitations that should be
noted. First, numbers were small, and validation in a
different sample with higher numbers of cases is
clearly needed to confirm findings within this study.
Nevertheless, in our study, the PBA showed a high
discriminative capability based on a large area under
the curve (AUC) and a small confidence interval with
a high lower limit.

Another limitation of the current study is that
many different trainees participated with one or more
assessments, with a maximum of ten. Due to this
limitation on the number of observations in the ana-
lysis, all assessments were considered to be independ-
ent. This assumption was supported by two sensitivity
analyses that included only the first assessment (least
experienced) or the last assessment (most experi-
enced) of the trainee. However, the number of inde-
pendent observations in the sensitivity analyses was
small (n¼ 13).

Also, factors that could be of influence on the
score, such as experience with assisting on laparo-
scopic procedures or experience with laparoscopic
appendectomies e.g., are not accounted for in this
research. This, however, is a limitation for all assess-
ment procedures.

Despite the limitations of our study, we believe the
PBA is a useful tool for supervisors to assess whether
a trainee can perform a laparoscopic cholecystectomy
independently. However, reaching the cut-off score
on one assessment does not necessarily mean that the
trainee can operate independently from then on. In
the Netherlands current consensus is that a trainee
needs three OSATS assessments of ‘independent’ from
at least two different supervisors. The same applies to
the PBA: the cut-off score should be reached repeat-
edly with different supervisors. Consensus should be
reached on this before the PBA is implemented
in practice.

Conclusion

The results of this study support the idea that PBA
may be an alternative or additional assessment
method to the commonly used GRSs for laparoscopic
cholecystectomy. In contrast to GRSs, the PBA could
differentiate between all skill levels, especially between
trainees in the novice and intermediate phases of
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learning. The PBA also appeared to have a high dis-
criminative capability for assessing whether a trainee
is capable of independently performing a laparoscopic
cholecystectomy. We, therefore, believe that the PBA
is a viable candidate in the summative assessment of
surgical training.
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