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Abstract

Background The acquisition of technical skills is one of
the fundamental goals of postgraduate surgical training;
however, validation and utilization of objective tools to
assess the technical skills of trainees remains elusive. The
objectives of this project are to develop models to identify
predictive factors for fellow performance, validate the
Global Operative Assessment of Laparoscopic Skills
(GOALS) as an assessment tool for laparoscopic skills, and
to define the learning curve for complex laparoscopic
gastrointestinal surgery.

Methods Using previously recorded data from a central-
ized database of the Fellowship Council, we analyzed the
voluntarily submitted performance scores of surgical fel-
lows for three complex laparoscopic gastrointestinal oper-
ations: Roux-en-Y gastric bypass, LapBand placement, and
Nissen fundoplication. We analyzed previous experience
with complex cases, previous experience with the same
type of case, case difficulty, and time of year in the fel-
lowship as potential predictors of performance. Perfor-
mance scores throughout the fellowship year were graphed
to create learning curves for overall performance and each
of five domains of performance.

Results Ninety-eight performance assessments were
submitted for 31 unique fellows. Overall performance
(p < 0.01), bimanual dexterity (p < 0.01), efficiency
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(» <0.01), and autonomy (p < 0.01) all improved signif-
icantly throughout the course of the fellowship year. Per-
formance in the domains of depth perception and tissue
handling improved, but the improvement did not reach
statistical significance. Three predictor variables were
significantly related to performance scores.

Conclusions This study documents that GOALS is able to
differentiate novice fellows from graduating fellows and
established construct validity. Models developed and tested
confirmed that previous experience, case difficulty, and
length of time as a fellow impacted performance.

Keywords Construct validity - GOALS - Surgery fellow
evaluation - Validation - Laparoscopic surgery -
Laparoscopic skills assessment

The acquisition of technical skills is one of the fundamental
goals of postgraduate surgical training. Nearly 80 % of
graduating chief residents in general surgery apply for a
fellowship, and nearly 30 % apply to the Fellowship
Council for a fellowship (advanced gastrointestinal/mini-
mally invasive surgery, bariatric surgery, hepatobiliary
surgery, etc.). This is an indication that these residents feel
the need for more training, specifically training to acquire
expert technical skills. Although both faculty and residents
perceive this need, an objective method to assess the
technical skills of trainees remains elusive. Program
directors have never had valid, objective, reliable tools
with which to measure the technical performance of resi-
dents and fellows and, therefore, have never been able to
assess objectively which trainees are proficient and which
trainees need additional technical training.

Traditionally, surgeons developed their technical skills
through a process of protracted exposure to a supervised,
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graded operative experience. The skills required to com-
plete an operation are the result of applying a specific
combination of abilities to the task of the operation, and the
assessment of operative performance measures the overall
efficiency of completing the task by measuring the com-
ponent abilities required to complete the task [1]. Proce-
dural training in current practice often is unsystematic and
unstructured; it is typically based on the random need to
perform various surgical procedures. Surgical educators
have worked for decades to improve the methods by which
surgical education is delivered to trainees [2, 3]. However,
validated teaching methods have not been integrated into
clinical education, in part because validated tools with
which to assessment trainee performance did not exist [3].
Surgical fellows and their preceptors spend a large amount
of time demonstrating and observing technical skills in the
operating room, but traditional methods of assessment of
technical skills rely upon subjective evaluations by senior
staff members, case records, and morbidity and mortality
rates [4], none of which have been shown to be valid or
reliable.

Surgical educators need validated assessment tools to
assess surgical competency during training to ensure that
graduates have acquired sufficient skill to be safe and
effective in independent practice [5-14]. Although sur-
geons have developed a few tools to evaluate performance
and some have been validated for specific procedures,
surgical educators and certifying organizations have not
endorsed or mandated a comprehensive, objective,

validated method to measure technical performance. The
basic reason to assess performance is to guide training to
the level of proficiency; however, public demand, reduced
resident work hours [15], and regulatory mandates have all
increased the sense of urgency to develop and implement
validated, objective assessment tools that will reliably
measure technical performance.

Global Operative Assessment of Laparoscopic Skills
(GOALS)

The GOALS evaluates laparoscopic surgery performance
in five domains (depth perception, bimanual dexterity,
efficiency, tissue handling, and autonomy). Each domain is
scored with a rating from 1 to 5. A descriptive anchor is
provided for scores of 1, 3, and 5 for each domain
(Table 1). A total score for each operation is the sum of the
scores from the five domains and may be considered an
overall assessment of a trainee’s performance. GOALS was
first validated for dissection of the gallbladder from the
liver bed [16]. Subsequently, GOALS has been validated as
an assessment tool for laparoscopic cholecystectomy and
laparoscopic appendectomy but has not previously been
validated for assessing performance during more complex
operations [17]. Chang and colleagues also demonstrated
construct validity and inter-rater reliability using GOALS
to evaluate video-recordings of laparoscopic cholecystec-
tomy performed by a novice and by an expert [18].

Table 1 Basic GOALS for Nissen fundoplication, gastric band, and gastric bypass

Domains 1 2 3

4 5

Depth perception

Bimanual
dexterity

Efficiency

Tissue handling

Autonomy

Constantly overshooting target,
hits backstop, wide swings, slow
to correct

Use of 1 hand, ignoring non-
dominant hand, poor
coordination between hands

Uncertain, much wasted effort,
many tentative motions,
constantly changing focus of
operation, or persisting at a task
without progress

Rough, tears tissue by excessive
traction, injures adjacent
structures, poor control of
coagulation device (recoil),
grasper frequently slip off

Unable to complete entire
procedure, even in a
straightforward case and with
extensive verbal guidance

Some overshooting or missing
plane but corrects quickly

Use of both hands but does not
optimize interactions between
hands to facilitate conduct of
operation

Slow, but planned and reasonably
organized

Handles tissues reasonably well,
with some minor trauma to
adjacent tissues e.g. coagulation
of liver, causes unnecessary liver
bleeding, occasional slipping of
grasper

Able to complete operation safely
with moderate prompting

Accurately directs instruments in
correct plane to target

Expertly utilizes both hands in a
complementary manner to
provide optimal working
exposure

Confident, efficient and safe
conduct of operation,
maintaining focus on component
of procedure until better done by
another approach

Handles tissues very well with
appropriate traction on tissues
and negligible injury of adjacent
structures. Uses energy sources
appropriately but not excessively

Able to complete operation
independently without prompting
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More recently, investigators have developed and vali-
dated tools designed to evaluate performance during groin
hernia repair (GOALS-GH) [19] and incisional hernia
repair (GOALS-IH) [20, 21]. The lack of consensus
regarding a validated assessment tool for use in most
complex laparoscopic surgery cases led to the purpose of
this study. We hypothesize that GOALS will differentiate
novice fellows from graduating fellows and, thereby,
establish construct validity for GOALS when used to
evaluate performance during complex laparoscopic gas-
trointestinal surgery. Additionally, we hypothesize that
there is a correlation between the GOALS scores for fel-
lows and (1) total previous experience with complex lap-
aroscopic operations, (2) previous experience with the
procedure under evaluation, (3) difficulty of operation, and
(4) length of time as a fellow.

Materials and methods

The Fellowship Council provided a data set that included
all voluntarily reported performance scores for fellows
between June 2010 and November 2011. In addition to the
performance scores, the data set included the percent of the
case performed by the fellow, the name and date of the
procedure, previous experience with complex cases, pre-
vious experience with the case being reported, and the
difficulty of the case. With permission from the Fellowship
Council and approval by the Institutional Review Board,
the data were stratified by case type and then analyzed to
identify predictors of improved performance.

Statistical analysis

Some basic descriptive statistics were first calculated,
including mean and standard deviation of the scores for
each domain for each quarter during the fellowship year. In
order to determine which of the various available factors
(number of previous complex procedures performed,
number of the same type of procedure performed, case
difficulty, and total time in the fellowship program) were
related to scores, we applied a linear mixed effects model

Table 2 Descriptive statistics—assessment of laparoscopic cases

to the data. Each of the available factors is treated as a
fixed effect and the fellow is included as a random effect.
This allows us to model fellow-to-fellow variability and to
account for correlation among different scores for a given
subject. To allow for apparent nonlinearity of the learning
curve, we log-transformed the time in the program. For all
analyses, R version 2.15.2 (www.rproject.org) for Win-
dows was used.

Results

The performance of each of 31 unique fellows during 98
complex laparoscopic operations was assessed using the
GOALS tool for three types of operations: laparoscopic
Nissen fundoplication (n = 27), laparoscopic adjustable
gastric band (n = 17), and laparoscopic Roux-en-Y gastric
bypass (n = 54; Table 2). Of the 31 fellows, 14 (45.2 %)
had only one set of performance scores available. The
mean scores for each quarter for each domain increased
throughout the fellowship year (Fig. 1).

Table 3 displays the results of analyses using three
different models. The mean of performance scores is the
outcome variable in each model. On the left of the table
(“Separate Models™) are the results from fitting a separate
linear mixed effects model for each fixed effect predictor.
In the middle of Table 3 (“Full model”) are the results of
the analysis in which all four factors are included as fixed
effects in a single model. On the right of Table 3 (“Final
model”) are the results from the model giving the lowest
Bayesian Information Criterion [22]. In this model, each of
the three predictor variables is significantly related to the
outcome.

Figure 2 shows all of the raw data and a calculated,
estimated average learning curve for overall performance
and for performance in each of the domains using the Final
Model. The learning curves for overall performance,
bimanual dexterity, efficiency, and autonomy demonstrated
statistically significant learning during the fellowship year.
Although the learning curves for depth perception and
tissue handling showed a trend toward improvement, the
curves were not statistically significant.

Surgical records Unique fellows

n (%) n?

No. previous complex cases

No. previous cases of same type

Mean Median Range Mean Median Range
Total 98 100 31 79 67.5 21.3 9.5
LapBand placement 17 17.35 10 58.6 50 6-177 6.8 6 0-22
Nissen fundoplication 27 27.55 15 119 100 0-360 15.1 8 0-60
Roux-en-Y gastric bypass 54 55.1 20 65.4 67.5 0-223 29.0 13 0-160

% Unique fellows total more than 31 because some fellows performed more than 1 procedure each
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Fig. 1 Mean score of overall and five performance domains across four quarters

Table 3 Modeling results for four predictive factors

Time in the program by quarter

Separate models

Full model

Final Model

Coefficient estimate P value Coefficient estimate P value Coefficient estimate P value
Intercept Slope
Total number of previous complex cases 3.3 0.006 0.01 0.003 0.01 0.003 <0.01
Number of previous cases of same type 3.0 0.004 <0.01 0.003 0.10 -
Difficulty level 3.0 0.133 0.02 0.08 0.09 0.106 0.02
Time in the program (log) 1.4 0.427 <0.01 0.32 <0.01 0.312 <0.01
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Fig. 2 Learning curves for overall performance and five performance domains (GOALS)

Discussion

Competency-based education is currently being introduced
into all levels of surgical training in the U.S. Fellowship
training in complex surgery is continually evolving, not
only to keep up with the advances in patient care and the

@ Springer

adoption of new technologies, but also to meet the needs of
trainees. Valid and reliable performance assessment tools
are essential to ensure that competencies are acquired.
Some tools have been proven to be valid measures of
technical performance, although none has been adopted for
generalized use for technical skills assessments.
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In addition to providing an assessment with which to
provide feedback, data from assessments can be analyzed
with other variables to identify factors that result in
improved performance. In this project, we developed sev-
eral analytic models to identify which model would best
identify these predictors. In our Final Model, we were able
to identify and confirm that three separate factors all
independently impacted the performance scores. In future
studies with larger data sets, we will further test these
models. This study provides evidence that we can use these
models to identify factors that impact the performance
scores of trainees.

By comparing performance scores of fellows at the
beginning of the fellowship year with their scores at the
end of the fellowship year, we determined that GOALS is
able to differentiate novice fellows from graduating fellows
and, therefore, we have established construct validity for
the tool. These results confirm that GOALS may be reliably
used to provide feedback to fellows by program directors
and other faculty. Formative feedback of this type has the
potential to allow program directors to customize training
for each fellow to meet her/his specific needs for technical
skills training. Ultimately, this type of tool could be used
for summative assessment to inform critical decisions such
as graduation, certification, and credentialing.

Learning curves graphically display the change in per-
formance over time during a period of learning. When the
learning curve reaches a plateau, learning has been com-
pleted. A trainee will have achieved proficiency in per-
forming an operation if her/his scores plateau at a high
level of performance that would be consistent with profi-
ciency. If the scores plateau at lower levels of performance,
either the trainee or the training methods may have defi-
ciencies. However, for surgical educators to make sum-
mative assessments with tools such as GOALS, they must
be validated.

The limitations of this study are the small number of
fellows who were assessed, the small number of assess-
ments for each fellow, and the small number of fellows for
whom there were multiple assessments for the same type of
case throughout the fellowship year. Despite that, the
scores for the fellows represented in the dataset tended to
improve throughout the fellowship year, strongly suggest-
ing that, as a group, the fellows performed significantly
better as the year passed.

Although the performance scores improved through the
course of the year overall and for all domains, that
improvement did not reach statistical significance either in
the domain of depth perception or of tissue handling. One
possible explanation is that the number of fellows may
have been too small to provide sufficient power. Another
possible explanation is that the fellows had already
acquired significant skill in these domains before becoming

a fellow. This possibility is supported by the fact that the
performance scores in these two domains at the beginning
of the fellowship were higher than the performance scores
in the other domains. All fellows had previously completed
a general surgery residency and had a large operative
experience with laparoscopic cholecystectomy. They may
have acquired the skills to effectively manage the lack of
depth perception and effectively handle tissue while per-
forming those operations.

The ultimate value of assessment tools, such as GOALS,
is that they will enable training to technical proficiency.
Training surgeons to proficiency will not only enable sur-
gical training programs to graduate better-trained surgeons
but also enable surgical educators to document that each
graduating surgeon is well trained.

Conclusions

This study has documented that GOALS is able to differ-
entiate novice fellows from graduating fellows and,
therefore, the study establishes construct validity for
GOALS as an assessment tool for technical performance
during complex laparoscopic gastrointestinal operations.
The analytic models developed and tested in this study may
now be studied on larger, more complete data sets as they
become available. These future studies will better define
optimal use of both the GOALS tool and the analytic
models.
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