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Abstract
Introduction While better technical performance correlates with improved outcomes, there is a lack of procedure-specific 
tools to perform video-based assessment (VBA). SAGES is developing a series of VBA tools with enough validity evidence 
to allow reliable measurement of surgeon competence. A task force was established to develop a VBA tool for laparoscopic 
fundoplication using an evidence-based process that can be replicated for additional procedures. The first step in this process 
was to seek content validity evidence.
Methods Forty-two subject matter experts (SME) in laparoscopic fundoplication were interviewed to obtain consensus on 
procedural steps, identify potential variations in technique, and to generate an inventory of required skills and common errors. 
The results of these interviews were used to inform creation of a task inventory questionnaire (TIQ) that was delivered to 
a larger SME group (n = 188) to quantify the criticality and difficulty of the procedural steps, the impact of potential errors 
associated with each step, the technical skills required to complete the procedure, and the likelihood that future techniques 
or technologies may change the presence or importance of any of these factors. Results of the TIQ were used to generate a 
list of steps, skills, and errors with strong validity evidence.
Results Initial SMEs interviewed included fellowship program directors (45%), recent fellows (24%), international surgeons 
(19%), and highly experienced super SMEs with quality outcomes data (12%). Qualitative analysis of interview data identi-
fied 6 main procedural steps (visualization, hiatal dissection, fundus mobilization, esophageal mobilization, hiatal repair, 
and wrap creation) each with 2–5 sub steps. Additionally, the TIQ identified 5–10 potential errors for each step and 11 key 
technical skills required to perform the procedure. Based on the TIQ, the mean criticality and difficulty scores for the 11/21 
sub steps included in the final scoring rubric is 4.66/5 (5 = absolutely essential for patient outcomes) and 3.53/5 (5 = difficulty 
level requires significant experience and use of alternative strategies to accomplish consistently), respectively. The mean 
criticality and frequency scores for the 9/11 technical skills included is 4.51/5 and 4.51/5 (5 = constantly used ≥ 80% of the 
time), respectively. The mean impact score of the 42/47 errors incorporated into the final rubric is 3.85/5 (5 = significant 
error that is unrecoverable, or even if recovered, likely to have a negative impact on patient outcome).
Conclusions A rigorous, multi-method process has documented the content validity evidence for the SAGES video-based 
assessment tool for laparoscopic fundoplication. Work is ongoing to pilot the assessment tool on recorded fundoplication 
procedures to establish reliability and further validity evidence.
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Operative skills are an essential domain of surgical practice 
and conventional wisdom holds that surgeon proficiency 
impacts patient outcomes. Until recently, however, evi-
dence for this association has been limited and hampered by 
challenges in measurement [1]. With improved techniques, 
emerging evidence now supports the association between 
technical performance (measured using intraoperative video) 
and postoperative complications in bariatric, pancreatic and 
colonic surgery [2–4]. This work is particularly important in 
that it goes beyond the traditional efforts to improve surgical 
quality—adherence to care processes and measurement of 
complications—and focuses on the “black box” of how the 
operative procedure was actually performed [5, 6].

To further work on measuring procedural competence in 
surgery, more assessment tools supported by a level of validity 
evidence that enables them to be used for competency assess-
ment are needed. The Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) envisions using such tools 
in the process of assessing a fellow’s readiness to transition 
to independent practice or a practicing surgeon’s successful 
completion of a curriculum for up skilling in a particular area 
of surgery using the SAGES Masters Program [7]. Part of this 
vision includes the identification of “index operations” that 
embody a technical skill set that is representative of a class of 
surgeries. Laparoscopic fundoplication (LF) is an example of 
such an “index operation” for foregut surgery.

A recent systematic review of the literature revealed lim-
ited validity evidence for existing tools to assess competency 
in LF [8]. As a result, SAGES has embarked on an effort 
to create a video-based assessment (VBA) tool to be used 
to determine if a surgeon entering or already in practice is 
performing LF with acceptable quality and safety. The tool 
is being created using best practices in assessment develop-
ment and will be used for summative feedback to surgeons 
finishing minimally invasive surgery fellowships and those 
completing the foregut pathway in the SAGES Masters Pro-
gram. The process used to create this assessment tool and 
generate the supportive evidence for using it as a highly 
reliable assessment of technical competence will serve as a 
template for creation of other assessment tools for additional 
anchor procedures.

The specific aim of this study was to demonstrate the 
content validity evidence of a novel SAGES VBA for LF, 
and highlight the process involved to achieve this level of 
evidence.

Methods

Test specifications

Prior to beginning the project, we first gathered a conveni-
ence sample of SAGES member subject matter experts 

(SMEs) to develop and confirm purposes and uses of the 
assessment, informing the development of the test speci-
fications. The test specifications document describes the 
statement of purpose of the test, intended users and uses, 
intended interpretations, the construct domain to be meas-
ured, intended examinee population, performance level 
descriptors of the minimally qualified candidate, test format, 
test administration, security, and scoring procedures in the 
form of a test definition document. The group confirmed that 
the proposed procedures to develop the test conformed to 
industry standards jointly established by the National Coun-
cil for Measurement in Education (NCME), the American 
Psychological Association (APA), and the American Educa-
tional Research Association (AERA) [9] in order to ensure 
comprehensiveness, rigor, and legal defensibility.

After confirmation of the purposes and uses of the assess-
ment, we conducted a comprehensive job task analysis 
(JTA) to support the claim that the skills and abilities to be 
assessed are required for safe and independent performance 
of LF and are consistent with the purpose for which the test 
is being created [10, 11]. This process documents both the 
discrete and observable procedural activities required and 
the context in which those activities are performed. The JTA 
serves as the single most important stage to drive creation of 
appropriate tools and satisfy professional and legal require-
ments [9]. Thus, multiple data collection methodologies 
were used to meet best practice recommendations, includ-
ing hierarchical task analysis, semi-structured interviews, 
and dissemination of a task inventory questionnaire [12, 13].

Subject matter expert interviews

As the responsibilities identified from the job task analy-
sis serve as an anchor point in the validity argument, it is 
imperative that it is rigorously conducted and with a compre-
hensive group of SMEs, especially when seeking to inform 
competency decisions [14]. Thus, a variety of SMEs were 
identified for inclusion in the interview process based on 
practice types (e.g., academic, community, private), ranges 
of experience (e.g., recently completed Minimally Invasive 
Surgery (MIS) fellowship, experienced clinicians, and MIS 
fellowship educators/Program Directors), procedural expe-
rience, and demonstration of quality performance via case 
quality metrics (e.g., GERD HRQL and Dysphagia Scores).

One-hour semi-structured phone interviews with each 
SME were conducted with an Industrial-Organizational Psy-
chologist using the critical incident technique (CIT) [15]. 
This method allowed for the collection of experiences and 
anecdotes about procedure-related incidents that describe 
particularly effective or ineffective job performance. The 
interview script was organized according to procedural 
steps, with prompts for SMEs to provide information on 
missing information, instances of effective performance, 
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instances of ineffective performance, errors experienced or 
observed, and skills required to perform each step of the 
procedure. SMEs also provided information regarding most 
critical step for optimal patient outcomes, common reasons 
to re-intervene, key competencies required for performing 
the procedure successfully, and most challenging aspects 
of the procedure. Surgeons who reported that they trained 
residents, fellows, or other colleagues on the procedure also 
indicated most common steps of the procedure in which they 
have to take over, why they have to take over, and common 
areas where trainees struggle. Finally, to ensure relevance 
and longevity of the tool, surgeons also indicated the extent 
to which they believed skills required to complete the pro-
cedure might change (i.e., become more or less important) 
in the future.

Task inventory questionnaire

Information from the SME interviews was organized into 
major domains to produce an inventory of tasks for LF. This 
task inventory then informed development of an online task 
inventory questionnaire (TIQ), which was organized by 
SME consensus of steps and sub steps of the procedure. 
SMEs indicated the importance (1 = not essential/optional: 
patient outcome not likely effected, 3 = important: may 
impact short term patient experience but not ultimate out-
come, 5 = absolutely essential: Patient outcome likely to be 
affected) and difficulty (1 = easy: requires little experience 
and no use of alternative strategies to accomplish consist-
ently, 3 = medium: requires some experience and use of 
alternate strategies to accomplish consistently, 5 = difficult: 
requires significant experience and use of alternative strat-
egies to accomplish consistently) of performing each sub 
step. Errors associated with each step were also rated on 
their importance and likelihood to impact patient outcomes 
(1 = minimal: error causes delays of inefficiencies but if not 
corrected will have little or no effect on patient outcome, 
3 = medium: recoverable error that if not corrected may have 
a negative impact on patient outcome, 5 = significant: critical 
error that is unrecoverable, or even if recovered, has a high 
likelihood for a negative impact on patient outcome). Finally, 
SMEs also rated the frequency (1 = rarely: < 20% of the 
time, 3 = about half the time: 40–60% of the time, 5 = con-
stantly: > 80% of the time), current importance (1 = not 
essential/optional, 3 = important, 5 = absolutely essential, 
see definitions above) and perceptions of future importance 
(1 = importance decreases significantly, 3 = importance stays 
the same, 5 = importance increases significantly) of 11 skills 
associated with the procedure.

Surgeons credentialed to perform the procedure and who 
had performed at least twelve 360 degree fundoplications 
with our without paraesophageal hernia repairs over the 
past year were invited to complete the TIQ through email 

distribution to members of the Society of American Gastro-
intestinal and Endoscopic Surgeons (SAGES), the Japanese 
Society for Endoscopic Surgery (JSES), and the American 
Society for Metabolic and Bariatric Surgery (ASMBS). 
Demographics and experience data were collected from 
each SME who completed the TIQ. These data include race, 
gender, age, geographical location, years since training, fel-
lowship completion (yes/no), number of years performing 
laparoscopic 360 degree fundoplications, and number of 
fundoplications performed in the past year according to 
four categories: (1) 360 degree fundoplications for reflux 
with < 4 cm hiatal hernia, (2) paraesophageal hernia repair 
with concomitant LF, (3) antireflux procedure during a Hel-
ler myotomy, and (4) antireflux procedure during another 
procedure for any other indication (e.g., esophageal injury).

Interview data were examined via thematic and fre-
quency analysis. Basic descriptives, item-total correlations, 
Cronbach’s alpha, and multivariate analysis of variance 
(MANOVA) were used to examine the data with SPSS 25.0. 
As no human subjects were involved, IRB approval was not 
required.

Results

Test specifications

Specifications were defined relative to the purpose, domain, 
and intended interpretations and uses of the assessment 
scores. The assessment is intended to inform competency 
judgments about the ability to safely, effectively, and inde-
pendently perform a laparoscopic posterior fundoplication 
for surgeons in training, completing training, and/or in prac-
tice. The domain of measurement includes the skills and 
behaviors required for safe, effective, and independent per-
formance of a laparoscopic posterior fundoplication proce-
dure. The test is designed to differentiate between adequate 
and inadequate performance, based on a predetermined pass-
ing score.

Candidates who receive a passing score have demon-
strated the required level of competence in LF (operational-
ized as a passing score specified by standard setting pro-
cedures). The assessment is not designed to differentiate 
among the passing candidates (i.e., a higher passing score 
does not necessarily indicate better performance). Addition-
ally, a passing score signifies procedural competency only, 
as other cognitive skills and judgment are also required for 
safe and independent practice. Candidates who receive a 
failing score have not demonstrated the required level of 
competency in the domain. All statements above relate to 
the intended inferences to be made from the scores generated 
by the application of the assessment tool. The final scoring 
system for the tool has not yet been determined.



3179Surgical Endoscopy (2020) 34:3176–3183 

1 3

SME interviews

SMEs interviewed included Fellowship Program Directors 
(45%), recent Fellows (24%), international surgeons (19%), 
and highly experienced super SMEs with quality outcomes 
data (12%). Qualitative analysis of interview data confirmed 
6 main procedural steps (visualization, hiatal dissection, fun-
dus mobilization, esophageal mobilization, hiatal repair, and 
wrap creation) each with 2–5 sub steps (21 total). Addi-
tionally, interview data indicated there were 5–10 potential 
errors for each step (47 total) and 11 key technical skills 
required to perform the procedure.

Task inventory questionnaire

One hundred and eighty-eight surgeons (85% men, 69% cau-
casian) completed the TIQ. Surgeons were an average age 
of 47 (± 10) years, were an average of 15 (± 11) years past 
residency, and had been performing 360 degree fundopli-
cations for approximately 13 (± 9) years. Approximately 
three quarters (77%) were fellowship-trained. The average 
number of fundoplication cases performed in the past year 
was 43 (± 36), which included both 360-degree fundoplica-
tion (22 ± 26) and paraesophageal hernia repairs (21 ± 19). 
Surgeons had considerably high levels of agreement among 
all items ***(α = 0.95), which captured sub step importance 
(α = 0.83), sub step difficulty (α = 0.91), errors within each 
step (α = 0.92), skill frequency (α = 0.85), skill importance 
(α = 0.85), and future importance of skills (α = 0.96).

Table 1 displays SME ratings of importance and difficulty 
for each of the sub steps of the procedure, along with the 
percentage of who responded that the patient outcome likely 
to be directly affected by the performance of each sub step 
(absolutely essential). As shown, there was a wide variability 
in the reported importance of each sub step, ranging from a 
mean 1.95 (reinforce closure with mesh) to a mean of 4.81 
(ensure wrap positioned around esophagus). Difficulty was 
rated close to the middle of the scale for the majority of 
sub steps, with the most difficult sub steps including safely 
divide tissues surround the esophagus (3.91 ± 0.86), create 
adequate retroesophageal window (3.79 ± 0.86), and position 
the wrap around esophagus (3.74 ± 0.93). Errors associated 
with each step and their impact on patient outcomes are dis-
played in Table 2.

The current importance, frequency of use, and future 
importance of each skill associated with the procedure is dis-
played in Table 3. As shown, SMEs indicated that the most 
important skills to achieve a good outcome for the operation 
were suturing (4.76 ± 0.55), dissection (4.73 ± 0.51), and tis-
sue handling (4.62 ± 0.63). However, the skills used most 
frequently include dissection (4.72 ± 0.61), tissue handling 
(4.71 ± 0.67), and two-handed technique (4.71 ± 0.62). Over-
all, SMEs indicated that the importance of these 11 skills 

would remain the same in the future, although all means 
reveal a slight leaning (i.e., > 3 on the 5-point Likert scale) 
towards more important in the future.

Inclusion in the assessment tool

The development team then critically analyzed the results 
of the TIQ to ensure adequate representation of the con-
struct while maximizing content validity evidence. Cut 
scores for inclusion in the rubric were examined using both 
empirical (mean ± SD) and rational (criterion based scor-
ing) approaches. Empirical approaches proved to be either 
overly inclusive or dismissive depending on the area in ques-
tion. Ultimately, a rational approach was chosen for steps, 
errors, and skills. For steps and sub steps, only those with 
a mean importance score > 4.5 and a difficulty score > 3.0 
were chosen. An importance score > 4.5 corresponds with 
steps of the operation that are highly essential and have the 
most potential effect on outcome. A difficulty score of > 3.0 
ensures that easy tasks requiring only limited experience are 
not included. Of the original 6 steps and 21 sub steps, 5 steps 
and 11 sub steps met these criteria. The mean importance 
and difficulty of the sub steps included in the final rubric 
are 4.66 ± 0.1 and 3.53 ± 0.3 respectively. Similar decisions 
were made for skills with a mean importance score > 4.0 
and mean frequency score > 3.0 and for errors with a mean 
impact score > 3.0. These decisions insured that skills meas-
ured were used the majority of the time, were thought to be 
necessary to achieve a good outcome, and that errors only 
included those factors important enough to potentially affect 
outcome. Of the original 11 skills, 9 made the final cut with 
a mean importance score of 4.51 ± 0.19 and mean frequency 
score of 4.51 ± 0.18. These 9 skills also showed potential to 
remain consistent or increase in importance in the future 
with a mean future importance score of 3.52 ± 0.12. Lastly, 
46/47 identified errors met the impact score criteria for 
inclusion; however, 5 errors were listed in the visualization 
step which was excluded from the final rubric in the sub step 
selection process. The mean impact score of the remain-
ing 42 errors is 3.85 ± 0.52, indicating only errors that were 
thought to possibly effect patient outcome are included. All 
steps, sub steps, skills, and errors incorporated into the final 
rubric are annotated in Tables 1, 2, and 3.

Discussion

Validity in assessment is defined as the degree to which evi-
dence and theory support the interpretations of test scores 
for the proposed uses of the test. The word scores is empha-
sized to reinforce that a test or assessment tool is never valid 
or validated in and of itself, only the results of an assess-
ment are valid when used for specific purposes. Validity of 
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educational and psychological assessments are guided by the 
Standards for Educational and Psychological Testing known 
commonly as The Standards [9]. The Standards are devel-
oped and published periodically by a joint committee of the 
American Educational Research Association, the American 
Psychological Association, and the National Council on 
Measurement in Education. Since 1985, the Standards have 
supported a unitary concept of validity where a construct 
is supported by 5 recognized types of validity evidence. A 
construct is defined as a concept or characteristics that a test 
is designed to measure. Validity evidence to support the con-
struct can be classified as content, relation to other variables, 
internal structure, response process, and consequences. Of 
these types of evidence, the one most critical for assessments 
resulting in certification or credentialing is content valid-
ity evidence [9]. It is essentially the relationship between 
the content of an assessment and the construct it is trying 
to measure. Failure to measure all important themes of the 
construct results in a threat to validity known as construct 

underrepresentation [16]. Similarly, measuring aspects not 
clearly related to the construct results in a threat to validity 
known as construct irrelevant variance [16]. For the pur-
poses of our study, the construct is a safely and effectively 
performed laparoscopic posterior 360-degree fundoplica-
tion. An example of construct underrepresentation would be 
measuring only the completion time for the procedure, or the 
surgeon’s skill in suturing. While these measurements might 
be indicators of skilled surgeons, and correlate highly with 
other aspects of performance, they lack the content validity 
evidence for use in a certification exam. Construct irrelevant 
variance would be seen if unimportant steps or meaningless 
errors were scored with an equal weighting to more signifi-
cant aspects of the procedure, or if only a single, specific 
technique, such as use of a specific laparoscopic suturing 
device was required by the assessment tool. The experience, 
geographic distribution, and diversity of the SME groups 
involved in the creation of this tool along with the high lev-
els of frequency of use, and estimated future importance of 

Table 1  Importance and difficulty means for all sub steps of the procedure

“Absolutely essential” indicates the percentage of subject matter experts (SMEs) who responded that the sub step was “absolutely essential: 
patient outcome likely to be directly affected by the performance of each step.” “Difficult” indicates the percentage of SMEs who responded that 
the sub step was “Difficult: requires significant experience and use of alternative strategies to accomplish consistently.”
a Indicates inclusion in the final rubric

Step SubStep Criticality
Mean ± SD

Absolutely 
essential 
(%)

Difficulty
Mean ± SD

Difficult (%)

Visualization of the operative field Ensure safe & effective liver retraction 4.18 ± 0.91 49 2.20 ± 1.06 2
Put pars flaccida in view 3.99 ± 1.04 42 1.93 ± 1.02 3
Ensure diaphragmatic hiatus is in frame 4.50 ± 0.78 66 2.28 ± 1.13 4

Hiatal  dissectiona Open gastrohepatic ligament 4.32 ± 0.96 60 1.86 ± 0.95 2
Open/release the phrenoesophageal  ligamenta 4.60 ± 0.76 72 3.02 ± 0.87 3
Create adequate retroesophageal  windowa 4.78 ± 0.54 82 3.79 ± 0.86 19
Safely manipulate esophagus (with or without 

penrose)a
4.74 ± 0.58 80 3.48 ± 0.97 12

Fundus  mobilizationa Mobilize fundus for wrap creation (with or without 
division of short gastrics)a

4.59 ± 0.74 71 3.25 ± 0.89 7

Divide retrogastric attachments 4.29 ± 0.84 48 3.46 ± 0.88 10
Complete visualization of base of left  crusa 4.53 ± 0.68 61 3.73 ± 0.77 12

Esophageal  mobilizationa Retract esophagus to optimize mediastinal dissection 4.30 ± 0.82 52 3.58 ± 0.90 14
Safely divide tissues surrounding the  esophagusa 4.53 ± 0.69 65 3.91 ± 0.86 26

Hiatal  repaira Expose posterior junction of right and left crus 4.49 ± 0.70 60 3.56 ± 0.89 12
Close crura with  suturesa 4.69 ± 0.59 76 3.54 ± 0.85 12
Reinforce closure with pledgets 2.08 ± 1.24 5 3.15 ± 1.05 10
Reinforce closure with mesh 1.95 ± 1.12 4 3.40 ± 0.98 13

Wrap  creationa Pass the fundus  posteriorlya 4.60 ± 0.72 72 3.32 ± 0.97 11
Position the wrap around esophagus (assess geom-

etry/twist)a
4.76 ± 0.49 79 3.74 ± 0.93 21

Ensure wrap positioned around esophagus (not 
stomach)a

4.81 ± 0.45 84 3.58 ± 0.97 18

Assess wrap tension (with or without bougie)a 4.46 ± 0.81 62 3.62 ± 0.94 17
Secure wrap with  suturea 4.65 ± 0.68 75 3.50 ± 1.02 17
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Table 2  Mean impact scores for 
all identified errors

*Indicates steps of procedure where all errors are included on the final rubric

Step Possible errors Impact
Mean ± SD

Visualization of the operative field Inadequate liver retraction 2.75 ± 0.97
Bleeding/injury to liver or surrounding structures 3.21 ± 0.81
Suboptimal view from poor camera port placement 3.39 ± 0.94
Suboptimal instrument port placement 3.26 ± 1.01
Suboptimal instrument port placement 3.21 ± 1.17

Hiatal dissection* Damage to esophagus 4.56 ± 0.66
Damage to vagus nerves 3.84 ± 0.97
Damage to stomach 3.25 ± 0.79
Damage to major vascular structure 4.52 ± 0.77
Damage to diaphragm/denuding 3.11 ± 0.95
Damage to other surrounding structures 3.36 ± 0.81
Dissecting in wrong areas 3.76 ± 0.87
Unsafe use of surgical energy 4.38 ± 0.75

Fundus mobilization* Damage to spleen 3.90 ± 0.80
Improper mobilization (too much/little) 3.62 ± 0.81
Damage to fundus or body of stomach 3.28 ± 0.86
Unsafe use of surgical energy 4.11 ± 0.77
Bleeding from short gastrics 3.29 ± 0.85
Injury to major vascular structure 4.60 ± 0.59
Inappropriate retraction (too much/little) 3.31 ± 0.80
Incomplete division of phrenoesophageal ligament 3.54 ± 0.89

Esophageal mobilization* Damage to pleura 2.65 ± 1.04
Damage to vagus nerve 3.59 ± 1.02
Damage to esophagus 4.59 ± 0.59
Damage to stomach 3.41 ± 0.88
Damage to major cardiovascular structure 4.79 ± 0.53
Inadequate mobilization 3.83 ± 0.86
Bleeding from mediastinal tissues 3.51 ± 0.91
Unsafe use of surgical energy 4.29 ± 0.76

Hiatal repair* Damage crura 3.22 ± 0.90
Damage to major cardiovascular structure 4.80 ± 0.51
Damage to esophagus from improper needle handling 4.12 ± 0.87
Damage to stomach from improper needle handling 3.22 ± 0.95
Closure too tight 3.96 ± 0.95
Closure too loose 3.64 ± 0.94
Improper bites (too small/big) 3.51 ± 0.80
Poor knot tying technique 3.82 ± 0.93

Wrap creation* Improper tension 3.87 ± 0.86
Use wrong part of stomach 4.37 ± 0.72
Wrap around stomach (not esophagus) 4.41 ± 0.75
Injury to the esophagus 4.52 ± 0.65
Injury to the stomach 3.51 ± 0.92
Improper orientation (geometry twist) 4.33 ± 0.75
Poor suturing/knot tying 3.90 ± 0.90
Improper wrap length (too long/short 3.94 ± 0.92
Wrap not sutured to esophagus 3.65 ± 1.02
Vagus nerve injury 3.73 ± 1.04
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the steps, skills, and errors included speaks directly to the 
representation of the construct, while the current importance 
and perceived impact establishes the relevance to the LF 
construct.

We believe this work represents the most robust develop-
ment of an observational workplace based assessment of 
surgical skill to date. A 2011 systematic review of obser-
vational assessment tools for surgical skills showed that 
while there was some validity evidence for tools applied at 
the trainee level, there was no validity evidence to support 
use of the scores at the level of the practicing surgeon [17]. 
Interestingly, even this review did not analyze the validity 
evidence of the assessment tool results in the unitary valid-
ity framework [18] present in the Standards since 1985. 
This highlights how more work like this is needed to bring 
the science in surgical performance measurement into the 
twenty-first century [19]. At least one group did take a step 
in the positive direction with the development of the compe-
tency assessment tool (CAT) for laparoscopic colorectal sur-
gery in the National Training Programme in England [20]. 
While the steps to ensure that the content aligned with the 
domain were similar when compared with our work, only 7 
SMEs were initially interviewed to generate the task inven-
tory, and only 15 additional surgeons from the UK alone 
were queried with a form of a task inventory questionnaire. 
Similarly, the Bariatric Objective Structured Assessment of 
Technical Skill (BOSATS) [21] tool upon which the work 
correlating surgeon performance to outcomes in bariatric 
surgery [2] was based, involved only 2 surgeons to gener-
ate the task inventory and then approximately 30 surgeons 
from 6 different countries completed the questionnaire. Our 
work represents a much more broadly inclusive approach 
with a 6–20 fold increase in the SME’s used to represent the 

construct (42 for the task inventory and 188 on the TIQ) with 
purposeful inclusion of SMEs from North America, South 
America, northern and southern Europe, and Asia.

There are several limitations worth mentioning for an 
assessment developed with this methodology. First, the 
content representation of the construct is based on how the 
procedure has been performed and is currently being per-
formed. Despite SME estimates that the measured skills will 
become slightly more important in the future, this may not 
be the case. Development of disruptive technology such as 
automated robotic suturing or dissection guided by Artificial 
Intelligence (AI) could render portions of this assessment 
tool obsolete. Thus the content must be revisited periodically 
to ensure it continues to align with the construct of laparo-
scopic fundoplication as it is being practiced clinically. A 
second limitation is lack of a current estimation of reliability 
or internal structure validity evidence. We are actively devel-
oping a rater training program and recruiting raters from out-
side of the core development group. Once these additional 
raters are trained, we plan to employ generalizability theory 
to estimate the number of performances and raters required 
to make a reliable competency decision. Lastly is the issue of 
scalability. Currently, application of the assessment tool to 
a video performance requires a trained human rater to view 
all steps of the procedure in its entirety. This involves hours 
of time from multiple individuals. Historically, assessments 
requiring expert rater review are cumbersome and expensive 
to deploy on a large scale. We are currently exploring scal-
ability options including potential use of crowd sourcing 
and/or AI to lessen the burden on human expert raters.

Future steps in development of this tool in addition to the 
rater training program and reliability assessments mentioned 
above include an evidence-based standard setting process to 
establish a standardized scoring system along with a defensi-
ble pass/fail cut score, determining potential applicability of 
scores to similar procedures such as partial fundoplications, 
hiatal hernias > 4 cm, reoperative procedures, and potentially 
robotic assisted procedures. Given the high level of content 
validity evidence in the tool, focusing on the core principles 
of the procedure, the applicability of the tool to those pro-
cedures is likely.

Conclusion

A rigorous, multi-method process has documented the con-
tent validity evidence for the SAGES video-based assess-
ment tool to measure performance within the construct of 
laparoscopic fundoplication. The high levels of current 
importance, future importance, frequency of use, and diffi-
culty directly address the common threats to validity of con-
struct underrepresentation and construct irrelevant variance. 

Table 3  Current importance, frequency, and future importance of 
each of the skills required to perform the procedure

a Indicates inclusion in the final rubric

Criticality
Mean ± SD

Frequency
Mean ± SD

Future Importance
Mean ± SD

Suturinga 4.76 ± 0.55 4.53 ± 0.97 3.48 ± 1.00
Use of  energya 4.55 ± 0.71 4.53 ± 0.85 3.64 ± 0.91
Knot  tyinga 4.60 ± 0.74 4.47 ± 1.0 3.33 ± 1.13
Tissue  handlinga 4.62 ± 0.63 4.71 ± 0.67 3.65 ± 0.88
Dissectiona 4.73 ± 0.51 4.72 ± 0.61 3.67 ± 0.87
Managing assistant 3.77 ± 0.97 3.95 ± 0.97 3.10 ± 1.12
Retractiona 4.21 ± 0.86 4.36 ± 0.85 3.46 ± 0.96
Two-handed 

 techniquea
4.43 ± 0.76 4.71 ± 0.62 3.56 ± 0.94

Endoscopy 3.05 ± 1.31 2.97 ± 1.43 3.28 ± 1.11
Needle  handlinga 4.35 ± 0.88 4.28 ± 1.06 3.38 ± 1.06
Working in confined 

 spacea
4.33 ± 0.82 4.26 ± 0.87 3.49 ± 0.98
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Work is ongoing to establish reliability and further validity 
evidence.
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