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OBJECTIVE: The profession of surgery is entering a new

era of “big data,” where analyses of longitudinal trainee

assessment data will be used to inform ongoing efforts
to improve surgical education. Given the high-stakes

implications of these types of analyses, researchers must

define the conditions under which estimates derived

from these large datasets remain valid. With this study,

we determine the number of assessments of residents’

performances needed to reliably assess the difficulty of

“Core” surgical procedures.

DESIGN: Using the SIMPL smartphone application from

the Procedural Learning and Safety Collaborative, 402

attending surgeons directly observed and provided

workplace-based assessments for 488 categorical resi-

dents after 5259 performances of 87 Core surgical proce-
dures performed at 14 institutions. We used these

faculty ratings to construct a linear mixed model with

resident performance as the outcome variable and multi-

ple predictors including, most significantly, the opera-

tive procedure as a random effect. We interpreted the

variance in performance ratings attributable to the pro-

cedure, after controlling for other variables, as the

“difficulty” of performing the procedure. We conducted
a generalizability analysis and decision study to estimate

the number of SIMPL performance ratings needed to reli-

ably estimate the difficulty of a typical Core procedure.
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RESULTS: Twenty-four faculty ratings of resident operative

performance were necessary to reliably estimate the diffi-

culty of a typical Core surgical procedure (mean depend-
ability coefficient 0.80, 95% confidence interval 0.73-0.87).

CONCLUSIONS: At least 24 operative performance ratings

are required to reliably estimate the difficulty of a typical

Core surgical procedure. Future research using performance
ratings to establish procedure difficulty should include ade-

quate numbers of ratings given the high-stakes implications

of those results for curriculum design and policy. ( J Surg Ed

76:e189�e192. � 2019 Association of Program Directors in

Surgery. Published by Elsevier Inc. All rights reserved.)
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INTRODUCTION

Nationwide surveys have identified widespread concern

about the readiness of general surgery residents for entry

into independent practice or fellowship.1-3 Operative expe-

rience for many surgical procedures may be inadequate for

the development of competency, including some proce-

dures deemed essential or “Core”4 to the profession of sur-

gery.1,5-7 One recent study found that residents performing
a typical Core procedure during the last 6 months of their

residency program were rated by attending surgeons as

being ready for independent practice only 80% of the time.6

This evidence suggests that some newly minted surgeons

may be unable to independently and competently perform

the full breadth of Core general surgery procedures.
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Fortunately, there are emerging methods and data

sources that may be used to address these issues. For

example, “big data” in the form of longitudinal trainee

assessments can be used to examine how difficult it is to
learn to perform individual procedures. Such studies

would have high-stakes implications for curriculum rede-

sign and policy. Unfortunately, the methods for estimat-

ing the relative difficulty of individual procedures have

not been fully developed. Specifically, it remains

unknown how many observations of individual opera-

tive performances are needed to reliably estimate the dif-

ficulty of “Core”4 surgical procedures. This study aims to
address that methodological gap.
METHODS

For this study, we used longitudinal data from a registry

managed by the Procedural Learning and Safety Collabo-

rative (PLSC), a nonprofit research consortium with

member institutions across the United States; these

records include faculty ratings of intraoperative resident

performance and autonomy for a longitudinal sample of
each resident’s operative experiences. Faculty com-

pleted these ratings within 72 hours of each case via the

SIMPL9,10 smartphone application. Possible SIMPL per-

formance ratings include unprepared/critical defi-

ciency, inexperienced with procedure, intermediate

performance, practice-ready performance, or excep-

tional performance. We excluded cases involving multi-

ple procedures, multiple residents, or noncategorical
surgical residents in order to simplify the analysis and

better illuminate effects of interest. Ultimately, we ana-

lyzed 5259 workplace-based assessments (WBAs) from

14 institutions, with 402 attending surgeons observing

488 categorical residents performing 87 Core surgical

procedures between September 2015 and January 2017.

The dataset was unbalanced, meaning that not every

resident would be rated by every faculty member on the
performance of every procedure.

We used these performance ratings to construct a lin-

ear mixed model; this choice of model allowed us to

examine multiple sources of variance without having to
TABLE 1. SIMPL Operative Performance Rating Descriptive Statistics an

Source of
Variance

Sample
Size

Median # of
Observations

Variance
Component

Stand
Devia

Procedures 87 23 0.07 0.2
Programs 14 238.5 0.00 0.0
Faculty raters 402 5 0.11 0.3
Residents 488 6 0.05 0.2
Residual 0.24 0.4
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drop observations from our dataset in pursuit of a

balanced design. Our mixed model used resident perfor-

mance as the outcome variable and multiple predictors

including, most significantly, operative procedure as
a random effect. We selected other random effects

(program, rater, and resident) and fixed effects (post-

graduate year, week within academic year, and patient-

related complexity) based upon prior research

establishing relationships between these variables and

SIMPL performance ratings.6 After controlling for these

variables, we interpreted the variance in the perfor-

mance ratings attributable to the procedure as the
“difficulty” of performing the procedure.

We used generalizability (G) theory11 to estimate the

reliability of estimates of the difficulty of a typical

Core surgical procedure as a function of the number of

observations (see Supplement). G theory is often used to

identify testing conditions necessary to achieve a desired

level of score reliability for multifaceted assessments. A

decision (D) study determines the number of ratings
needed to achieve a suitably high dependability coeffi-

cient—usually at least 0.8.12 We completed a D study to

estimate the number of SIMPL performance ratings

needed to reliably estimate the difficulty of a typical

Core procedure—i.e., the theoretical Core procedure

representing the amalgam of several dozen Core

procedures in our data set, weighted according to proce-

dure frequency.
RESULTS

There were only 2 ratings for unprepared/critical defi-

ciency, so we collapsed unprepared/critical deficiency,

and inexperienced with procedure into a single cate-

gory. On the resulting scale from 1 to 4, the mean (SD)

SIMPL performance rating was 2.4 (0.7). Table 1 pro-

vides descriptive statistics and variance components

from the linear mixed model. Cells in the standard devia-
tion (SD) column can be interpreted as an index of the

“true” (i.e., if no measurement error were present) vari-

ability associated with each row, expressed on the scale

on which ratings were provided. For example, the SD of
d Variance Components from Linear Mixed Model

ard
tion

Percentage
of Variance

Interpretation

6 15% Variability due to procedure difficulty
5 0% Variability due to program-level factors
2 23% Variability due to rater stringency
2 10% Variability due to resident proficiency
9 52%
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0.26 for procedures indicates that 95% of procedure

difficulties fell between plus or minus twice that SD. The

variability in rater stringencies was somewhat larger

than this, and the variability in overall resident profi-
ciency was somewhat smaller. The D study suggested

that at least 24 observations of operative performance,

across all residents instead of per resident, were neces-

sary to accurately estimate the difficulty of a typical Core

surgical procedure (mean dependability coefficient 0.80,

95% confidence interval 0.73-0.87).
DISCUSSION

All performance assessments are subject to multiple sour-

ces of variability, even when using WBAs such as SIMPL

that follow best practices.13 Fortunately, G theory allows

us to investigate this variability and establish how many

ratings are needed to achieve reproducibility. We found

that 24 WBA ratings of operative performance were suffi-
cient to reliably estimate the difficulty of a typical Core sur-

gical procedure. This is lower than the 40 ratings needed

to reliably estimate an individual surgical trainee’s perfor-

mance, according to a recent study.8 Our findings can be

used as guidance on how to reproducibly achieve what

one recent paper referred to as “shared subjectivity”14—in

this case, a shared subjective view of how difficult it is to

competently perform a procedure.
LIMITATIONS

This study has several limitations. First, no ratings were

available for 40 Core surgical procedures, presumably

because they were rarely performed by residents. It is,

therefore, unclear how well these results generalize to pro-
cedures not included in the dataset, and future studies with

larger datasets are needed to investigate those procedures.

Second, nonrandom samples of attendings and resi-

dents at the 14 included programs may have chosen to

participate, and the results may have been influenced by

residents and faculty for whom larger numbers of ratings

were available. Hence, estimates of the number of rat-

ings needed to estimate procedure difficulty may not
apply to other study settings.

Third, our projections focused on a hypothetical

“typical” Core procedure; individual Core procedures may

require more or less than 24 ratings for reliable estimation

of difficulty. Research using larger datasets would allow for

the estimation of the difficulty of individual procedures.

Fourth, the results indicated that residents’ skills have

less impact on ratings than differences in faculty strin-
gency (i.e., hawk or dove effects).15 This rater-level varia-

tion increases the number of faculty ratings needed to
Journal of Surgical Education � Volume 76/Number 6 � November/De
estimate procedure difficulty, and it seems possible

that additional rater training aimed at establishing a

greater shared understanding of performance bench-

marks might reduce the number of ratings needed to
estimate procedure difficulty.

Fifth, there may have been situations in which proce-

dure difficulty was confounded with one or more other

factors. For example, suppose a set of procedures are all

difficult, and that faculty raters for these procedures are

all stringent in their evaluations of resident performance;

in such circumstances, procedure difficulty would be con-

founded with rater stringency. We attempted to separate
the effects of all these variables via mixed modeling, and

we expect the risk of confounding to diminish with

increasing numbers of observations, but we speculate

that, for some rarer procedures, difficulty might have

been confounded with one or more other variables.

Finally, estimates of procedure difficulty may reflect

both the inherent technical difficulty of performing the

procedure and the difficulty of learning to perform the
procedure. Ratings of resident performance in the study

dataset may have occurred relatively early or late in a res-

ident’s experience with a procedure. Ratings gathered

early in a resident’s experience with a procedure seem

likely to make the procedure look technically harder;

the reverse is true if ratings were gathered after a resi-

dent had substantial experience with the procedure. Ide-

ally, the analysis would consider when ratings were
obtained in a resident’s “learning curve” for a procedure,

but residents’ prior experience with a procedure was

not available for use in this analysis. This might result in

fewer ratings being required to estimate a procedure’s

technical difficulty and may also make it possible to esti-

mate the “learning trajectory” for frequently performed

procedures; the latter seems highly relevant to designing

residents’ training experience to ensure mastery of Core
procedures. At the same time, because the mixed model

used in our analysis included both program year and

week within the program year, the time required to

learn the procedure was, to a degree, controlled for.

Despite these limitations, study results should provide

surgical educators and researchers with useful guidance

until larger studies can be conducted.
FUTURE RESEARCH

Guided by these results, future research using performance

ratings to establish procedure difficulty should include num-

bers of ratings that are sufficient to ensure reliability of data

because the results of these analyses may have high-stakes

implications for curriculum design and policy. For example,
residency programs may need to provide additional instruc-

tion for those Core general surgery procedures that are
cember 2019 e191



most difficult to learn. Should volume for certain Core pro-

cedures be low at a given institution, it may be desirable for

residency programs to supplement instruction with simula-

tion. Alternatively, analyses of procedure difficulty may be
used to reset expectations for what can feasibly be learned

during a residency program of fixed duration.
CONCLUSIONS

At least 24 operative performance ratings are required to

reliably estimate the difficulty of a typical Core general

surgical procedure. Future research using performance

ratings to establish procedure difficulty should include

adequate numbers of ratings given the high-stakes impli-
cations of those results for curriculum design and policy.
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