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ssessment of intraoperative judgment during gynecologic
urgery using the Script Concordance Test

my J. Park, MD; Matthew D. Barber, MD, MHS; Alfred E. Bent, MD; Yashika T. Dooley, MD;
hristina Dancz, MD; Gary Sutkin, MD; J. Eric Jelovsek, MD
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BJECTIVE: We sought to develop a valid, reliable assessment of intra-
perative judgment by residents during gynecologic surgery based on
cript Concordance Theory.

TUDY DESIGN: This was a multicenter prospective study involving 5
bstetrics and gynecology residency programs. Surgeons from each
ite generated case scenarios based on common gynecologic proce-
ures. Construct validity was evaluated by correlating scores to training

evel, in-service examinations, and surgical skill and experience using a
lobal Rating Scale of Operative Performance and case volumes.

ESULTS: A final test that included 42 case scenarios was adminis-
ered to 75 residents. Internal consistency (Cronbach alpha � 0.73)
m J Obstet Gynecol 2010;203:240.e1-6.
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here were significant differences between test scores and training lev-
ls (P � .002) and test scores correlated with in-service examination
cores (r � 0.38; P � .001). There was no association between test
cores and total number of cases or technical skills.

ONCLUSION: The Script Concordance Test appears to be a reliable,
alid assessment tool for intraoperative decision-making during gyne-
ologic surgery.

ey words: clinical competence, decision-making, education
medical, graduate), educational measurement, intraoperative
udgment, operative/education/psychology, problem-based learning,
nd test-retest reliability (Lin correlation coefficient � 0.76) were good. surgical procedures

ite this article as: Park AJ, Barber MD, Bent AE, et al. Assessment of intraoperative judgment during gynecologic surgery using the Script Concordance Test.
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n obstetrics and gynecology resi-
dent’s knowledge is assessed via

ultiple-choice examinations, while
heir critical thinking skills and judg-

ent are assessed via oral examinations.
owever, there are no valid and reliable
ethods to assess a surgeon’s judgment,

e, the ability to make decisions appro-
riate to an ambiguous clinical situation.
or example, a resident may understand
he indications for a surgical procedure
medical knowledge), and technically be
ble to perform the procedure (technical

rom the Department of Obstetrics and Gyne
leveland Clinic, Cleveland, OH; the Departm

WK Health Center, Dalhousie University, Ha
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his research received a District V Research Gra
ynecologists and a Multi-Center Educational G
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kill), but he or she may not be able to
etermine the appropriate next surgical
tep in an operative situation where sev-
ral steps could be considered correct
ut one may be more appropriate to take
efore performing the others (surgical

udgment).
Script Concordance Theory proposes
framework for assessing judgment by

heorizing that clinicians initially pro-
ess medical concepts via basic mecha-
isms of disease learned in medical
chool. As one progresses through train-

ogy (Drs Park, Barber, and Jelovsek),
t of Obstetrics and Gynecology (Dr Bent),
x, Nova Scotia, Canada; the Department of
Army Medical Center, San Antonio, TX; the
ancz), Keck School of Medicine, University
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c
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ng, a bank of cases based on engaging in
atient care (ie, experience) is formed.
ne then creates knowledge and under-

tanding to develop what have been re-
erred to as “illness scripts.”1 According
o this theory, people activate these pre-
iously acquired networks of knowledge
hen confronted with a new yet some-
hat similar patient scenario. Expert cli-
icians develop this extensive pattern
ecognition based on experience work-
ng through the regular tasks and scenar-
os they encounter in practice.2

The Script Concordance Test (SCT)
as developed using these principles to

ssess clinical reasoning skills for ill-de-
ned clinical problems; the SCT has
een used to assess judgment in surgery,
rology, radiology, and internal medi-
ine.3-6 Compared to standard multiple-
hoice questions where there is 1 correct
nswer, scenarios using SCT are created
here there is no single correct answer,

nd items about each scenario force
rainees to confirm or eliminate clinical
ypotheses based on their qualitative

udgment in the face of an uncertain sit-
ation. Assuming that a surgeon’s in-
col
en
lifa
ke
r D
the
Wo

etin

; ac

nt f
ran
reasing experience improves judgment,
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valid test should demonstrate that with
ncreasing experience answers provided
ill come closer to those provided from a
anel of experts. Such experience in a
raining program is usually demon-
trated by increasing scores by resident
raining level.

The primary aim of this study was to
evelop a valid and reliable method to
ssess intraoperative judgment by ob-
tetrics and gynecology resident trainees
uring gynecologic surgery using SCT.
he resulting scores could then be used

o assess the extent to which knowledge
nd understanding of gynecologic sur-
ery meet the constraints and complexi-
ies of real-life complex operative sce-
arios that require the surgeon to apply
is or her judgment. Secondary aims
ere to determine whether SCT scores

orrelate with other measures of knowl-
dge and understanding such as stan-
ardized test scores from in-service ex-
minations as well as technical skill as
easured by the Global Rating Scale

GRS) of Operative Performance, surgi-
al case numbers, and self-assessment of
urgical judgment.

ATERIALS AND METHODS
his was a multicenter, prospective

tudy involving 5 obstetrics and gynecol-
gy residency programs in the United
tates and Canada: Cleveland Clinic
Cleveland, OH); Los Angeles County-
niversity of Southern California Medi-

al Center (Los Angeles, CA); IWK
ealth Center, Dalhousie University

Halifax, Nova Scotia, Canada); Brooke
rmy Medical Center (San Antonio,
X); and Magee Women’s Hospital

Pittsburgh, PA). Institutional review
oard approval was obtained at all par-
icipating sites. All residents at all partic-
pating programs were approached for
nrollment during their resident didac-
ics by a study coordinator, informed
onsent was obtained, and trainees’
dentities were concealed using random
umber assignments.
The study was composed of 2 phases:

hase 1 included item selection and test
evelopment and phase 2 included va-

idity and reliability testing. Phase 1 in-

olved developing the initial pool of sce- p
arios for the SCT instrument, which
ere generated from the current litera-

ure on surgical education in gynecology
nd gynecologic oncology, as well as
rom the guidelines for resident educa-
ion from the American College of Ob-
tetricians and Gynecologists and the
ouncil on Resident Education in Ob-

tetrics and Gynecology (CREOG).7

hree main principles to constructing a
CT were used: (1) an authentic chal-
enging clinical situation is presented in
hich there are several relevant options;

2) responses follow a Likert scale that
eflects script clinical reasoning theory;
nd (3) scoring is based on the aggregate
coring method to take into account the
ariability of the clinical reasoning pro-
ess among a series of experts.8

According to previous work by Char-
in et al,8 50-60 items are sufficient to
chieve internal reliability with an alpha
oefficient of 0.80. Assuming scenarios
r items would be eliminated, gyneco-

ogic surgeons from each participating
ite generated 96 case scenarios that oc-
ur during common gynecologic surgi-
al procedures including 2-4 items per
cenario. All scenarios were written to
nvolve intraoperative decision-making
nd were designed to be ambiguous with
o 1 correct answer. Common proce-
ures were defined as those surgical pro-
edures a resident should be able to
erform determined by the CREOG Ed-
cation Objectives.7 The initial goal was

o generate around 100 scenarios in an-
icipation of applying the following cri-
eria to eliminate scenarios and items:

5% missing answers, minimum con-
ordance �50%, maximum concor-
ance �80%, items demonstrating floor
r ceiling effects, or �80% agreement on
xperts’ scoring on a particular answer.

cenario design and scoring
he test design and scoring process is
nique to SCT. Figure 1 is an example of
typical scenario with 3 items. Scenarios
re constructed to reflect authentic chal-
enging clinical situations, and multiple
ossible correct answers, which distin-
uish this questionnaire from the stan-
ard multiple-choice or oral examina-
ions. The scoring process is based on the

rinciple that any answer given by an ex- d

SEPTEMBER 2010 Americ
ert has an intrinsic value, even if the
ther experts do not agree.8 A target
umber of 10-20 experts was identified,
ased on a prior study demonstrating
hat at least 10 experts are necessary for
cceptable reliability, and that �20 ex-
erts shows negligible additional benefit

n terms of psychometric properties.9

redits for each answer are transformed
roportionally to obtain a maximum
core of 1 for answers most frequently
ndorsed by the expert panel for each
tem; other experts’ choices are given
artial credit. Answers not chosen by ex-
erts receive a score of 0. For example, if
of 10 experts choose response –1 to

tem no. 1 in Figure 1, this choice re-
eives 1 point (6/6). If 3 experts choose
esponse 0, this choice receives 0.5 point
3/6). If 1 expert chooses –2, this choice
s assigned 0.167 (1/6). The responses

1 and �2 are assigned 0 points (Figure
). The scoring system should reflect a
ange of potential scores and the ex-
ected distribution should be broad.
owever, ideally the distribution should

lso be clustered around a mean, because
oo broad a distribution invalidates the
uestion.6 Additionally, if only 1 answer

s chosen by all the experts, the SCT be-
omes a multiple-choice question and
hould not be used. As such, this repre-
ented an additional item elimination
riterion in the test development.

For this study, the scoring system was
erived by answers generated by desig-
ated experts in gynecologic surgery

rom multiple sites (total n � 17; 2-6/
ite) using a weighted aggregate scoring

ethod and Likert-type scale. Experts
ere selected by the principal investiga-

or at each site for their operating expe-
ience and reputation. The total score for
he test was the sum of credits on all
tems. For the convenience of interpreta-
ion, the scores were transformed so that
he maximum score was 100.

Scores on the CREOG examination, a
tandardized, multiple-choice knowl-
dge-based examination implemented
early at most obstetrics and gynecology
raining programs in the United States
nd Canada, were collected to assess
vidence of concurrent validity, or the
elationship between knowledge and un-

erstanding and judgment. Surgical vol-

an Journal of Obstetrics & Gynecology 240.e2
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me and performance of technical skill
sing a GRS of Operative Performance10

ere also used to investigate the relation-
hip between performance of surgical
kill and operative judgment. The GRS is
validated instrument to assess surgical

echnical skills in the operating room,
nd includes 7 domains covering respect
or tissue, time and motion, instrument
andling, knowledge of instruments,
ow of operation, use of assistants, and
nowledge of specific procedure.10 The
cale for each domain ranges from 1–5,
ith the maximum score of 35. Finally,

rainees were asked to self-assess their
wn intraoperative judgment by mark-

ng an “X” on a 10-cm line on how one
ould rate his or her decision-making

kills in the operating room as compared

FIGURE 1
Example of single scenario with 4 item
Theory to assess intraoperative judgm

 55 year old female is undergoing an abdo

he has a 16 week size uterus with multiple

ysterectomy you encounter bleeding from

) If you were considering treating the bleedin

hen you find the ureter immediately adjacent

ecomes (check one): 

Almost contra-

indicated or contra-

indicated 

Less 

appropriate or 

less useful 

N

n

a

) If you were considering treating the bleedin

ematocrit is 24 mg/dL, that treatment becom

Almost contra-

indicated or contra-

indicated 

Less 

appropriate or 

less useful 

N

n

a
ark. Intraoperative judgment assessment using the SCT. Am
o an expert surgeon. S

40.e3 American Journal of Obstetrics & Gynecolo
Internal consistency was evaluated by
omputing Cronbach alpha, and test-re-
est reliability was evaluated using Lin
oncordance correlation coefficient.
onstruct validity was evaluated by de-

ermining the questionnaire’s ability to
iscriminate levels of training using
pearman correlation as presumably a
rainee’s judgment improves with in-
reasing experience, particularly early in
he learning experience. Test scores were
orrelated to CREOG scores, surgical
olume, technical skills using GRS, and
elf-assessment of intraoperative judg-

ent using Pearson correlation coeffi-
ient. A receiver operating characteristic
ROC) curve was generated to determine
hat threshold separated experts from
onexperts on performance of the test.

esigned using Script Concordance
in gynecologic surgery

nal hysterectomy for menorrhagia.  

roids on physical exam. During the 

e uterine pedicle. 

y cauterizing the bleeding vessel, and 

he bleeding vessel, that treatment 

er more 

ess 

opriate 

More 

appropriate or 

even helpful 

Indicated or 

absolutely 

indicated 

y transfusion, and then you find the 

check one): 

er more 

ess 

opriate 

More 

appropriate or 

even helpful 

Indicated or 

absolutely 

indicated 
bstet Gynecol 2010.
ince we had a binary state of either res- 4

gy SEPTEMBER 2010
dent or expert take the test and we had a
ontinuous predictor variable on which
o classify, the ROC curve was used. The
hreshold given denotes the score that

ost accurately predicts whether a resi-
ent reaches the level of judgment based
n the test performance by the pool of
xperts. This score is not intended to be a
inimum cutoff score to determine

ompetence, as this would require differ-
nt standard-setting methods.

Based on prior data looking at the va-
idity of the SCT in assessing intraopera-
ive decision-making skills in general
urgery,5 a sample size of 76 residents of
possible 124 residents from all partici-
ating sites was required to achieve 82%
ower to detect a 5% difference � 6%
SD) between training levels using a
-way analysis of variance with an alpha
evel of 0.05. All statistical analysis was
erformed on JMP 8.0 (SAS Institute,
ary, NC), SAS 9.1 (SAS Institute), and

2.7.2 (R Foundation for Statistical
omputing, Vienna, Austria) software.

ESULTS
tem reduction and test
evelopment (phase 1)
tem reduction was accomplished after
dministering 96 scenarios to 30 resi-
ents and 9 experts. Sixteen items were
liminated using the elimination criteria
efined previously. The remaining 80
cenarios were reviewed for face and
ontent validity by a separate panel of gy-
ecologists, and 38 additional scenarios
ere deleted due to subject redundancy

nd/or failure to meet face and content
alidity. The final instrument included

FIGURE 2
Scoring system for Script
Concordance Test

-2 -1 0 +1 +2 

Number of experts choosing answer 1 6 3 0 0 

Score 1/10 6/10 3/10 0 0 

Transformed score 1/6 6/6 3/6 0 0 

Credit per item 0.167 1 0.5 0 0 

ark. Intraoperative judgment assessment using the SCT.
m J Obstet Gynecol 2010.
s d
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2 scenarios with a total of 98 items.
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eliability and validity
esting (phase 2)

final test, including 42 case scenarios
or a total of 98 items, was administered

FIGURE 3
Script Concordance Test score corr
Education in Obstetrics and Gyneco

ark. Intraoperative judgment assessment using the SCT. Am

TABLE 1
Number of residents at each partic

Site

Cleveland Clinic, Cleveland, OH
...................................................................................................................

University of Southern California, Los
Angeles, CA
...................................................................................................................

Magee Women’s Hospital, Pittsburgh, PA
...................................................................................................................

IWK Health Center, Dalhousie University,
Halifax, Nova Scotia, Canada
...................................................................................................................

Brooke Army Medical Center, San Antonio,
TX
...................................................................................................................

Total
...................................................................................................................

Park. Intraoperative judgment assessment using the SCT.
o a total of 78 residents from the 5 par-
icipating sites: 14 (18%) postgraduate
ear (PGY)1, 19 (24%) PGY2, 20 (26%)
GY3, and 22 (28%) PGY4 residents.

tion with Council on Resident
gy (CREOG) score

bstet Gynecol 2010.

ting site who took test and retest
of residents who
pleted test 1

No. of residents who
completed test 2

11
..................................................................................................................

12

..................................................................................................................

3
..................................................................................................................

9

..................................................................................................................

1

..................................................................................................................

36
..................................................................................................................

J Obstet Gynecol 2010.
(

SEPTEMBER 2010 Americ
hree (4%) PGY5 residents from Can-
da took the questionnaire but were ex-
luded from the analysis given the small
umber of residents at this training level.
o assess test-retest reliability, the test
as administered again to 36 residents
-4 weeks after the initial administra-
ion. The number of residents who took
he test and retest at each site is shown in
able 1. Seventeen experts also com-
leted the final test including 5 generalist
bstetrician-gynecologists, 3 gyneco-

ogic oncologists, 4 reproductive endo-
rinologists, and 5 urogynecologists. The
edian number of years in practice as

4.5 years (range, 2–24) and median
ases per week was 4 (range, 2–15). There
ere no differences in expert scores by

ubspecialty (P � .13) or by site (P �
96), or any correlation of expert scores
ith years in practice (P � .11).
Mean total test time was 46.3 (�15.6)
inutes for the residents and 50.8

�25.7) minutes for the experts. The
edian resident score was 68.4 (mean,

6.8 � 7.0) for the initial administration
ith a range of 32.5–77.8, and 67.8

mean, 66.7 � 7.1) for the retest (range,
1.1–75.9) with no significant differ-
nces in test scores between the 2 test ep-
sodes. GRS was available on 42 (56%)
esidents with a mean of 8 (�3.9) sepa-
ate GRS collected per resident. The me-
ian GRS score was 29.0 (range, 21–35)
f a total score of 35. Internal consistency
as good (Cronbach alpha � 0.73) and

est-retest reliability was 0.76 (P � .001)
ndicating strong agreement between the
est and retest scores.

There was a significant difference in
est scores by training level: mean exam-
nation scaled scores (0-100) by resident
evel were 63.7 (�6.8) for PGY1, 66.5
�5.7) for PGY2, 65.9 (�5.8) for PGY3,
nd 68.6 (�5.8) for PGY4, and increas-
ng scores correlated with increasing res-
dent training level (r � 0.34; P � .004)
emonstrating evidence in support of
onstruct validity. Test scores also corre-
ated with CREOG scores (r � 0.38; P �
001) (Figure 3). There were no signifi-
ant correlations between resident test
cores and total number of surgical cases,
kill performance based on the GRS
cores, or self-assessment of judgment
ela
lo

J O
ipa
No.
com

25
.........

19

.........

6
.........

13

.........

15

.........

78
.........
Table 2).

an Journal of Obstetrics & Gynecology 240.e4
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A ROC curve was generated to deter-
ine a cutoff score in which a trainee has

chieved scores similar to the large ma-
ority of experts (Figure 4). A total score
f 73 was associated with an area under
he curve of 0.87 (95% confidence inter-
al, 0.78 – 0.97) indicating that when a
rainee scores �73 on the test they have
eached similar performance of experts
aking the same test. Twelve of 17
70.6%) experts scored above this
hreshold, while 10 of 75 (13.3%) resi-
ents scored above the threshold includ-

ng 1 of 13 (7.7%) first-year residents, 1
f 18 (5.6%) second-year residents, 1 of
9 (5.3%) third-year residents: and 6 of
0 (30%) fourth-year residents.

OMMENT
his study demonstrates that Script
oncordance Theory may be used to as-

ess an obstetrics and gynecology resi-
ent’s judgment in the operating room.
his test appears to be internally consis-

ent, have good test-retest reliability, and
ave evidence of construct validity sup-
orted by increasing scores with increas-

ng training experience and CREOG per-
ormance. Our findings are consistent
ith previous studies in other specialties
emonstrating construct validity of SCT
ith scores increasing with higher level
f training.4-6 For example, a cohort of
4 students from a medical school in
uebec, Canada, was followed up until

he end of their family medicine resi-
ency training; the SCT highly corre-

ated with short answer management
roblems and simulated office oral ex-
minations.11 Meterissian et al4,5 dem-
nstrated that the SCT can discriminate
etween junior and senior general sur-
ery residents while other studies have
nvestigated similar tests for residents in
urgery, urology, and radiology.3,6 The
CT design also appears to be stable
cross 2 different linguistic and learning
nvironments as demonstrated by
rench and Canadian urology resi-
ents.12,13 Combined, these results cor-
oborate the validity of the aggregate
coring methods used by SCT.

One of this study’s strengths is the mul-
icenter, North American sample. Addi-

ionally, these SCT scores were compared

40.e5 American Journal of Obstetrics & Gynecolo
o standardized test scores of knowledge
nd understanding, operative experience,
perativeskill, andself-assessmentof judg-
ent. It was not surprising that a surgeon’s

udgment correlated to his or her specialty-
pecific knowledge and understanding

FIGURE 4
Receiver operating characteristic (
cutoff score of 73 at which trainee
performance as experts taking test

UC, area under curve.

ark. Intraoperative judgment assessment using the SCT. Am

TABLE 2
Correlations of resident test scores
Factor 1 na

CREOG score 67
...................................................................................................................

GRS 39
...................................................................................................................

Total cases 70
...................................................................................................................

Self-assessment of judgment 68
...................................................................................................................

Years of training 70
...................................................................................................................

CI, confidence interval; CREOG, Council on Resident Educatio
Global Rating Scale of Operative Performance.
a No. of residents with available relevant information. Some r

self-assessment of judgment, or years in training (ie, postgra

Park. Intraoperative judgment assessment using the SCT.
gy SEPTEMBER 2010
iven that both are a required component
f forming proper judgment. Likewise, it
as not surprising that operative skill did
ot correlate with increasing judgment, al-

hough a potential reason for not finding a
orrelation is the lackofprecision inassess-

C) curve demonstrating
aches similar

bstet Gynecol 2010.

ith experience indicators
rrelation 95% CI P value

8 0.16–0.57 .001
..................................................................................................................

9 –0.14 to 0.48 .25
..................................................................................................................

5 –0.09 to 0.37 .21
..................................................................................................................

2 –0.12 to 0.35 .31
..................................................................................................................

4 0.11–0.56 .004
..................................................................................................................

bstetrics and Gynecology in-service examinations; GRS,

nts did not provide some data, eg, GRS, total no. of cases,
e year status). Not all residents had CREOG scores available.

J Obstet Gynecol 2010.
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ng surgical skills, decreasing our ability to
nd an association that may truly exist.
nowing what to do, even in complex in-

raoperative scenarios, does not necessarily
quate with a surgeon’s ability to perform a
kill under those circumstances. Similarly,
nderstanding or mastering the technical
spects of a procedure does not necessarily
mply good surgical judgment. Our find-
ngs provide support for assessing knowl-
dge, skill, and judgment independently
ince how well one is able to perform a skill
s separate from the decisions to perform it
r other complex intraoperative decisions
hat might be required. Finally, this study
rovides a practical cutoff score that a
rainee or program director could present
s a useful target for trainees to reach dur-
ng their training or that could be used in

aintenance of certification to continu-
usly assess a practicing surgeon’s judg-
ent with the changing values in the med-

cal environment. However, this cutoff
core was not determined using formal
tandard-setting criteria typically used in
ducational testing and therefore really
hould only be used as a screening tool to
dentify candidates for remediation not for
igh stakes decision-making, such as
hether or not a resident should advance

o the next level or as a criteria for gradua-
ion. Limitations include the test’s narrow
ocus on intraoperative judgment. Clinical
ecision-making regarding whether to op-
rate at all (preoperative) or judgment
anaging postoperative scenarios, or of-

ce-based or obstetric cases were not as-
essed in this test. Moreover, the study
ample only included large training pro-
rams making the test characteristics un-
nown in smaller community training
rograms.
CREOG examinations use a multiple-

hoice format and provide a reliable and
alid assessment of a resident’s knowledge
nd ability to apply that knowledge to a rel-
vant clinical scenario. However, a limita-
ion to multiple-choice formats is the cue-
ng effect in which the right answer is
lways presented to the examinee. This is
ot the case in real life and does not apply
sing the SCT format. Different question
ormats are useful to assess outcomes W
here some questions have 1 correct an-
wer and some questions have multiple
orrect answers. Since there is no 1 supe-
ior question format, it is generally recom-
ended that combinations of formats are

sed to minimize the cueing effect and as
ong as these approaches are feasible. For
xample, residency program directors
ould use CREOG examination scores to
ssess lower-order cognition such as
nowing facts and application of that
nowledge to standardized scenarios, and
se an examination in the SCT format for
igher-order cognition to examine appli-
ation of knowledge in complex real-life
cenarios that do not have a single correct
nswer. Directors could also use both as-
essments to provide remediation to resi-
ents who are falling behind. Although the
CT format appears to contain important
reliminary psychometric properties to be
sed as a method of assessing judgment
nd is much less personnel intensive to ad-
inister than in-person oral examina-

ions, its role as a supplement to or replace-
ent of oral examinations for high stakes

esting or maintenance of certification re-
ains to be determined.
Given the restrictions on resident
ork hours, declining surgical volume,

nd increasing scrutiny by professional
ocieties and the public, it is imperative
hat training programs verify that their
rainees achieve competent perfor-

ance. A valid and reliable method of
ssessing judgment such as the SCT may
e useful since it offers a standardized
ethod to assess judgment. In the fu-

ure, these scenarios could be incorpo-
ated into simulation models and simu-
ated scenarios, which are increasingly
eing adopted as part of the accredita-
ion process for many training pro-
rams. In summary, scores on an intra-
perative assessment of judgment during
ynecologic surgery are higher for individ-
als who have more experience. This SCT
ppears to be a reliable, valid instrument
or assessing intraoperative decision-mak-
ng during gynecologic surgery. f
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