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Background. Surgical training relies heavily on the
ability of expert surgeons to provide complete and ac-
curate descriptions of a complex procedure. However,
research from a variety of domains suggests that
experts often omit critical information about the judg-
ments, analysis, and decisions theymakewhen solving
a difficult problem or performing a complex task. In
this study, we compared three methods for capturing
surgeons’descriptionsofhowtoperformtheprocedure
for inserting a femoral artery shunt (unaided free-
recall, unaided free-recall with simulation, and cogni-
tive taskanalysismethods) todeterminewhichmethod
produced more accurate and complete results. Cogni-
tive task analysis was approximately 70% more com-
plete and accurate than free-recall and or free-recall
during a simulation of the procedure.
Methods. Ten expert trauma surgeons at amajor ur-

ban trauma center were interviewed separately and
asked to describe how to perform an emergency shunt
procedure. Four surgeons provided an unaided free-
recall description of the shunt procedure, five sur-
geons provided an unaided free-recall description of
the procedure using visual aids and surgical instru-
ments (simulation), and one (chosen randomly) was
interviewed using cognitive task analysis (CTA)
methods. An 11th vascular surgeon approved the final
CTA protocol.
Results. The CTA interview with only one expert

surgeon resulted in significantly greater accuracy
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and completeness of the descriptions compared with
the unaided free-recall interviews with multiple ex-
pert surgeons. Surgeons in the unaided group omitted
nearly 70% of necessary decision steps. In the free-
recall group, heavy use of simulation improved sur-
geons’ completeness when describing the steps of the
procedure.
Conclusion. CTA significantly increases the com-

pleteness and accuracy of surgeons’ instructional
descriptions of surgical procedures. In addition, simu-
lation during unaided free-recall interviews may
improve the completeness of interview data. � 2012

Elsevier Inc. All rights reserved.
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INTRODUCTION

It is well known that surgeons must master highly
complex and rapidly changing knowledge and skills.
However, due to new demands in surgical education
over the past decade, specifically the regulation of
duty hours, the increasing complexity of cases, and
the decreased availability of operating room time, it
has become increasingly challenging to transmit this
knowledge and teach essential skills to surgeons-in-
training. It is even more challenging for trauma sur-
geons who must perform and teach in high stress,
time-pressured, and uncontrolled environments. In
a trauma setting, there is limited time for instruction
during a procedure and, due to the nature of the spe-
cialty, there is little time to pre-plan and discuss
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patients prior to arrival. For these reasons, many pro-
grams have moved a significant portion of training out
of the clinical arena and into a simulated environment.
For this instruction to be successful, educators must de-
velop a sound curriculum that supports the simulated
modality and teach the essential action and decisions
steps that accompany each task.

Traditionally, the creation of procedural skills cur-
ricula has relied on the ability of experts to describe
specific procedures. This is problematic because recent
research has shown that when experts describe how
they perform a difficult task, they may unintentionally
omit up to 70% of the critical information novices need
to learn to successfully perform the procedure [1]. This
has been termed the 70% rule and is a serious problem
because it forces novices to ‘‘fill in the blanks’’ using
less efficient and error-prone trial-and-error methods.
Moreover, as these errors are practiced over time, they
become more difficult to ‘‘unlearn’’ and correct [2].
There appear to be two reasons for this problem. First,
as physicians gain expertise, their skills become auto-
mated and the steps of the procedure blend together.
Experts perform tasks largely without conscious
knowledge as a result of years of practice and experi-
ence [3]. This causes experts to omit specific steps
when trying to describe a procedure because this infor-
mation is no longer accessible to conscious processes
[3, 4]. Secondly, many physicians are not able to share
the complex thought processes that accompany the be-
havioral execution of technical skills. Even physicians
who make an attempt to ‘‘think out loud’’ during a pro-
cedure often omit essential information because their
knowledge is automated. Consequently, it is difficult
to identify the points during a procedure where an ex-
pert makes decisions [5].

When asked to describe a procedure, many surgeons
will rely on self-recall of the specific skill. Studies from
the field of cognitive psychology suggest that the use of
standard self-report or interview protocols to extract
descriptions of events, decision making, and problem
solving strategies can lead to inaccurate or incomplete
reports [6, 7]. These errors are not often recognized by
experts because of the automated and unconscious na-
ture of the knowledge described [8]. Moreover, errors
are likely to increase in number and impact under
stressful situations [9].

A potential solution to the dilemma described above
is the use of cognitive task analysis (CTA) to extract
implicit and explicit knowledge from experts to better
inform surgical instruction. CTA uses a variety of
interview and observation methods to capture the
knowledge, goals, strategies, and decisions that un-
derlie observable task performance in complex situa-
tions [10]. This interview strategy was first developed
by the military to increase the learning curve and
acquisition of expertise of complex technical skills
and is gaining attention and application in surgical
education. The common goal among CTA methods is
to assist a subject matter expert in the retrieval
and recounting of a procedure that may be highly au-
tomated and, therefore, not generally available for
conscious inspection.

The purpose of this study was to compare the per-
centage of knowledge that experts omitted while
describing a femoral artery shunt procedure and to
validate the 70% rule, which is that experts uninten-
tionally leave out approximately 70% of the informa-
tion that novices need to perform a task successfully.
More specifically, we examined the accuracy of ex-
perts’ traditional unaided free-recall of the procedure
compared with a gold standard protocol derived from
the results of cognitive task analysis. In addition, we
investigated whether task simulation (use of equip-
ment and visual aids) increased the accuracy of the
traditional free-recall descriptions. We hypothesized
that (1) surgeons who give unaided free-recall descrip-
tions of the femoral shunt procedure will omit 670% of
the critical steps compared with the CTA gold stan-
dard protocol; (2) the completeness of unaided, self-
reported surgical protocol information will vary with
the use of simulation during the description of the
shunt procedure; (3) the use of CTA methods will in-
crease the accuracy and completeness of surgical pro-
tocols by between 12% and 40%.
METHODS

Subjects

A total of 11 surgeons were recruited for this study. Nine trauma
surgeons with experience in placing Argyle type femoral shunts in
emergency trauma environments were recruited from the medical
school of a large urban research university. Four out of nine of these
surgeons were faculty in the Navy Trauma Training Program, and all
had battlefield experience as part of aNavy Surgical Teamdeployed to
Iraq. A 10th trauma surgeon, who had experience performing shunt
placements as part of an Army Forward Surgical Team in Iraq, was
recruited through the offices of the study sponsor. The 11th surgeon,
whowas recruited from theDivision of Vascular Surgery andhad fem-
oral shunt experience in both urban and battlefield settings, re-
viewed, finalized, and approved the gold standard protocol used to
check the accuracy and completeness of all descriptions of the shunt
procedure.
Procedure

A flow diagram of the research methods is presented in Fig. 1. Nine
trauma surgeonswere interviewed and asked to give a free-recall, un-
aided description of the procedure (no CTA condition). Each surgeon
was interviewed separately and asked to describe how to perform
the shunt procedure under emergency conditions. Five surgeons
were randomly assigned to the ‘‘yes simulation condition’’ and were
asked to describe their surgical protocol as they manipulated a set
of surgical instruments and viewed depictions of the anatomy sur-
rounding the femoral artery. The remaining surgeons were randomly



FIG. 1. Flow diagram of research methods.
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assigned to the ‘‘no simulation condition’’ and were interviewed with-
out access to instruments or anatomy. Follow-up questions were
asked to clarify statements made in the unaided section of the
interview.

A complete CTA interview was conducted with a 10th trauma sur-
geon. A CTA-trained interviewer (RC), who was not a surgeon, con-
ducted the semi-structured interview using the methods described
in Clark et al. [11]. The interview consisted of a series of questions
pertaining to (1) conditions (indications and contraindications for
performing the procedures); (2) processes (who does what, when,
and where); (3) steps (action steps and decision steps accompanied
by alternatives and the criteria for deciding); (4) standards (time
and quality); (5) equipment (instruments); (6) reasons (principles
of science, i.e., why do this, and not that); and (7) concepts (names,
symbols, or events that a surgeon would need to know to perform the
procedure).

All interviews were recorded with audio and video. The interviews
were transcribed verbatim, and were coded using a scheme based on
the interview questions. Two codersworked independently to code the
transcripts, and then met to compare the results and resolve the dis-
crepancies. An inter-rater reliability of 0.87 was achieved in the
coding.

A protocol of each surgeon’s description of the procedure was de-
veloped from the coded transcripts by a CTA analyst and reviewed
for accuracy by a second analyst. The surgeons were then given
the opportunity to review and correct the protocol developed from
their transcribed interview. The surgeons’ corrected protocols were
aggregated to create a preliminary ‘‘gold standard’’ protocol. The
11th surgeon, an independent vascular surgeon, reviewed and cor-
rected the preliminary protocol, which then became the final ‘‘gold
standard.’’ The gold standard contained a sequential list of all of
the action and decision steps that are essential to successfully insert
a femoral shunt.
Once the gold standard protocol was developed, the statements
made in each surgeon’s CTA interview were compared with the gold
standard to determine the accuracy and completeness of their inter-
view data. Surgeons’ protocols were compared and analyzed prior to
being corrected (Round 1), and after review and correction (Round
2). Additional data included the level of experience, measured by the
surgeons’ report of the number of shunt procedures performed.

The amount of interaction that each surgeon in the ‘‘yes simulation
condition’’ had with the equipment and visual aids provided was de-
termined. Surgeons were rated as having minimal, occasional, or
heavy interaction. ‘‘Minimal’’ referred to a surgeon’s reference to the
simulated aids verbally, visually, or by pointing; ‘‘Occasional’’ referred
to a surgeon’s occasional touching of the simulation materials; and
‘‘Heavy’’ referred to surgeon’s who handled the materials to demon-
strate the procedure.
RESULTS

Hypothesis 1

Surgeons who give unaided free-recall descriptions
of the femoral shunt procedure will omit 670% of
the critical steps compared with a gold standard
CTA protocol. The total percentage of agreement be-
tween surgeons’ free-recall description of the shunt
procedural steps and the gold standard protocol in
the unaided interview condition were 25.00% in Round
1 with a 6.25% improvement in Round 2 for a total of
31.25% agreement (Fig. 2). Thus, surgeons omitted an



FIG. 2. Total percentage of agreement between surgeons’ unaided free-recall description of shunt procedure and gold standard protocol.
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average of 68.75 % of the standard procedural steps in
support of Hypothesis 1.
Hypothesis 2

The completeness of unaided, self-reported surgical
protocol information will vary with the use of simula-
tion during the description of the shunt procedure.
As shown by Fig. 3, there is no difference between the
Minimal and Occasional use of simulation in the accu-
racy and completeness of recall by surgeons as they
were describing the shunt procedure when compared
FIG. 3. Percentage of agreement of unaided surgeons’ description of
with the CTA-based gold standard. However, heavy
use of simulation increased the level of agreement in
both Round 1 and Round 2. These data may support
the hypothesis that the increased use of simulation aug-
ments surgeons’ description of the procedural steps
needed by students during training. It also appeared
that those surgeons who made use of instruments and
pictures during the interview experienced greater re-
call, which supports Hypothesis 2. Although the differ-
ences among the simulation groupswere not found to be
significant, it is likely that lack of significance is attrib-
utable to a type II error due to low sample size.
procedural steps by the level of interaction with simulation materials.
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Hypothesis 3

The use of CTA methods will increase the accuracy
and completeness of surgical protocols by between
12% and 40%. As shown in Fig. 4, a comparison between
the unaided free-recall interviews and CTA interview
against the gold standard demonstrates the increase
in the percentage of agreement for the CTA condition.
The results show that the total percentage of agreement
with CTA is 68.75% compared with 31.25% for the free-
recall group. With only one surgeon having CTA, the
average of the unaided free-recall was compared with
his score using a one sample t-test on all three depen-
dent variables (total steps, Round 1, Round 2) with
the results being highly significant (P < 0.001). These
results support Hypothesis 3.
DISCUSSION

This study suggests that consideration should be
given to adopting CTA methods to increase accuracy,
decrease recall errors, and capture the underlying judg-
ments, analyses, decisions, and other cognitive pro-
cesses that experts use to perform complex medical
procedures. By applying CTA methodology, we were
able to capturemore action and decision steps from sur-
gical experts than the use of unaided free-recall
methods alone. This study supports previous research,
which shows that most forms of CTA show tangible
benefits with respect to the accuracy and completeness
of knowledge obtained. For example, Sullivan and
colleagues [12] demonstrated that expert surgeons
omitted an average of 65% of procedural steps and cog-
nitive decisions when teaching a colonoscopy to surgical
residents compared with a CTA gold standard protocol.
In another study, Chao and Salvendy [13] showed
FIG. 4. Total percentage of agreement between surgeons’ descriptio
standard procedure.
a 28% increase in information captured from experts
during a task by using CTA methods, while Clark and
Estes [3] showed a 40% gain in knowledge captured
from experts by using CTA. When multiple experts
are interviewed, the percent of information captured in-
creases proportionately [13]. [Bartholio C. Unpublished
doctoral dissertation, Rossier School of Education, Uni-
versity of Southern California, Crispen P. Unpublished
doctoral dissertation, Rossier School of Education, Uni-
versity of Southern California.]

This study suggests that training curricula based on
free-recall, unaided (non-CTA) expert interviews may
be lacking important knowledge and skills required
by novices to successfully perform a medical procedure,
and may lead to less effective training and more ‘‘trial
and error’’ learning. There have been studies in the
surgical literature that suggest performance improve-
ments in training can be attributed to CTA-based
instruction for central line placement [14], open crico-
thyrotomy [15], percutaneous tracheostomy placement
[16], and flexor tendon repair [17]. With this in mind, it
may be desirable to use ‘‘gold standard’’ protocols devel-
oped through the CTA process for surgical skills train-
ing and assessment.

CTA was first developed by the military as a method
for capturing highly complex performance expertise
where many covert decisions are linked with difficult
overt actions. Although developed for complex tasks,
its application in surgery has mostly focused on more
standard procedures. Current projects are underway
to investigate the use of CTA for more complex surgical
procedures (i.e., AVR) where more complex decisions
must be made that may alter the subsequent course of
the operation. In addition, it has been shown that
CTA can increase the learning curve and accelerate
the acquisition of expertise [3, 6, 18]. Training
n of shunt procedure with CTA and without CTA, compared with gold
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programs that utilized CTA methods have been able to
decrease the training time [3, 6, 18] and improve the
performance of tasks [14, 16]. One of the most dramatic
claims was made by Means and Gott [18], who specu-
lated that the equivalent of 5 y of job knowledge could
be transmitted in 50 h of training based onCTA. In light
of the new work-hour restrictions for residents, CTA
may prove to be a tool that can be used to accelerate
the learning curve and improve the performance of sur-
gical trainees. Future research efforts should be tar-
geted at the effectiveness of CTA to improve the
efficiency of training in surgical programs.

Similarly, the use of CTA methods to capture highly
experienced physician’s decision-making strategies
may provide more accurate and complete information
for use in the design of medical simulation technologies.
The application of CTAmethods with subject matter ex-
perts have been shown to producehighquality represen-
tations of expert performance in increasingly complex
and difficult settings. This information can be developed
into simulations thatprovide efficientandeffectiveprac-
tice of surgical skills. Although the cognitive decisions
that accompany technical skills are essential to teach
novices, many surgical simulators focus largely on tech-
nical skills. Future research should be directed towards
using CTA methods to expose the critical decision-
making skills necessary to perform difficult operations
and surgical tasks. Incorporating ‘‘gold standard’’
CTAs as the basis for assessing technical and surgical
decision-making skills should also be examined.
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