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Abstract
BACKGROUND: Cognitive task analysis (CTA) methods were used for 2 surgical procedures to

determine (1) the extent that experts omitted critical information, (2) the number of experts required to
capture the optimalamount of information, and (3) the effectiveness of a CTA-informed curriculum.

METHODS: Six expert physicians for both the central venous catheter placement and open crico-
thyrotomy were interviewed. The transcripts were coded, corrected, and aggregated as a “gold stan-
dard.” The information captured for each surgeon was then analyzed against the gold standard.

RESULTS: Experts omitted an average of 34% of the decisions for the central venous catheter and
77% of the decisions for the Cric. Three to 4 experts were required to capture the optimal amount of
information. A significant positive effect on performance (t[21] � 2.08, P � .050), and self-efficacy
ratings (t[18] � 2.38, P � .029) were found for the CTA-informed curriculum for cricothyrotomy.

CONCLUSIONS: CTA is an effective method to capture expertise in surgery and a valuable com-
ponent to improve surgical training.
© 2012 Elsevier Inc. All rights reserved.
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The teaching and learning of procedural skills is essential
in any surgical training program. However, recent research
in cognitive science has revealed that experts who teach
curricula based on expert knowledge may unintentionally
leave out about 70% of the information students need to
learn and perform a task successfully.1 This situation causes
many learning and performance problems for students at all
levels and domains. In surgical training, these deficiencies
may often lead students to “fill in the gaps,” resulting in
training that is less effective and efficient. It has been shown
that expert physicians tend to be able to accurately describe
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what they can observe themselves doing but often have
difficulty articulating the decisions they make because their
knowledge has become automated. Automated knowledge
is achieved by the repetition of practice, wherein execution
speed increases and conscious access is lost.2 A potential
olution to this problem is the use of cognitive task analysis
CTA) to capture both the observable actions and the un-
bservable cognitive processes that underlie expert perfor-
ance.3 CTA is a semistructured interview method that can

e used to capture expert knowledge and enhance the teach-
ng and learning of procedural skills. Previous studies com-
aring the knowledge and skills captured from surgical
xperts using CTA methods versus unaided descriptions
ave shown an increase in knowledge gained using CTA
ethods for a femoral artery shunt (69%),4 colonoscopy
(65%),5 and cricothyrotomy (Cric, 61%). In addition, CTA-
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informed curricula studies have shown dramatic results with
performance increases in the placement of the central ve-
nous catheter (CVC, 68%),6 the placement of a percutane-
us tracheostomy (24%),7 and flexor tendon repair (130%).8

The use of CTA methodology in surgery is advantageous
because it allows us to capture automated expert knowledge
that is otherwise lost in traditional training sessions and
gives us additional data obtained from the CTA interviews
that can be transferred to teaching protocols and assessment
tools.

Although CTA is gaining popularity in medical educa-
tion, there are a few problems associated with its wide-
spread use. The first problem is that there are relatively few
trained CTA analysts to conduct research in this area. The
second problem is that, although there is general consis-
tency in the results of the studies mentioned earlier, upon
closer examination, the CTA methods and populations have
not been consistent. With this in mind, we had 3 goals for
this project: (1) to teach a team of doctoral students how to
conduct a CTA interview and create a CTA protocol and
gold standard; (2) to consistently apply CTA methods and
conduct studies using identical methods for 2 surgical pro-
cedures, the open Cric and the CVC; and (3) to extend
previous research in expertise and surgical training.

In this article, we describe 3 research projects that were
designed and implemented by a team of researchers at the
University of Southern California. The research objectives
sought to determine (1) the amount of knowledge experts
omit while describing how to perform a procedure as well as
when to and when not to perform a procedure, (b) the
number of experts required to capture enough of the essen-
tial procedural knowledge to perform a procedure, and (c)
the effectiveness on achievement and self-efficacy when
training is based on the results of CTA.

The hypotheses were that (1) surgeons who give unaided
free-recall descriptions of the CVC and Cric procedures will
omit �70% of the critical steps when compared with the
CTA gold standard protocol, (2) the number of experts re-
quired to capture the optimal amount of critical information
necessary to perform each procedure will be 3 to 4 experts, and
(3) a CTA-informed curriculum on learning the Cric procedure
will be more effective than the traditional training.

Methods

Seven doctoral students in educational psychology in the
Rossier School of Education at the University of Southern
California (USC) were mentored by three faculty members
at USC (KY, MS, and RC) and taught how to perform CTA
interviews, create CTA protocols, and develop a CTA gold
standard. The data were used to design and implement
several CTA research studies. The studies focused on 2
critical procedures: the Cric procedure and the placement of
a CVC. After obtaining Institutional Review Board ap-

proval, faculty and graduate students conducted CTA inter-
views with 6 surgical experts for each procedure. Expert
surgeons for the CVC procedure were selected based on the
number of times they had performed the CVC procedure.
Surgeons who reported that they had performed the proce-
dure more than 100 times were considered an expert. For the
Cric procedure, it was more difficult to qualify surgeons’
expertise because the procedure is performed less fre-
quently. Therefore, faculty members who had the most
experience in performing the procedure compared with their
colleagues were selected to participate in the study. The
semistructured interviews consisted of a sequence of ques-
tions designed to capture the (1) indications and contrain-
dications for performing the procedure; (2) action and de-
cision steps including the alternatives; (3) standards to
measure time and quality; (4) required equipment; and (5)
any concepts, processes, or principles a person would need
to know to perform the procedure successfully.

A flow diagram of the CTA methods used is presented in
Figure 1. Each interview was recorded with audio and
transcribed. Graduate students coded the transcripts with
acceptable interrater reliability of 96%. Protocols of each
subject matter expert’s (SME) description of the procedure
was created and sent back to the SME for review and
correction. Each SME was asked to review his/her own
protocol and send it back with any revisions. Once we
received each protocol back from the SME, we aggregated
all of them into a single gold standard for each procedure.
The gold standard protocols were transferred to a spread-
sheet for data analysis for the descriptive studies and a
training design for the experimental study for the Cric
procedure.

Once the gold standard was developed, the statements
made in each surgeon’s CTA interview were compared with
each action and decision step in the summary gold standard
for each procedure and transferred to a spreadsheet. Each
step in the surgeon’s corrected CTA protocol was compared
with the gold standard to determine the agreement or the
omission. The spreadsheet automatically calculated the re-
sults for each step. To determine the number of experts
required to capture the optimal amount of critical informa-
tion and identify the point of diminishing return, we calcu-
lated each possible nonrepeating 2, 3, 4, 5, and 6 SME
groups for both action and decision steps (eg, groups of 2
expert surgeons: {A, B} {A, C}, {A, D}, and so forth). The
percentage of procedural steps captured by each group was
calculated using the formula in Figure 2. We determined
that the diminished marginal utility of the CTA process
would be the point where the additional information cap-
tured from an expert was �10% and was calculated as a
percentage of the steps acquired divided by the number of
SMEs.

A curriculum to teach the Cric was developed using the
gold standard CTA. Medical students and surgical residents
(N � 26) participated in a controlled experiment to examine
the effectiveness of training for a CTA-based Cric curricu-

lum compared with the traditional training students were
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currently receiving. Participants were first categorized by
education level and then randomly assigned to either the
experimental (n � 12) or control (n � 14) group. A con-
ceptual knowledge pretest of the Cric procedure was ad-
ministered to all participants. The instructional activities for
both the experimental and control groups were identical in
that they received a PowerPoint (Microsoft Corporation,
Redmond, WA) presentation and were given opportunities to
practice on a simulation. The difference between the experi-
mental and control groups was that the presentation for the
experimental group was based on the knowledge and skills
of expert surgeons represented by the Cric summary gold
standard. After a period of practice on a simulation, both
groups were given a performance assessment using a per-
formance checklist, a conceptual post-test, and a self-effi-
cacy survey. The evaluation instruments were developed by
using the data obtained in the CTA interviews and gold
standards. Each assessment instrument was reviewed by all
trauma faculty including those who did not participate in the
CTA interviews. Each item on the evaluation tools were
determined to be an important aspect of learner perfor-
mance.

Figure 1 The method fo

Figure 2 The formula for calculating the percentage of action
and decision steps acquired by each group. SMEg, number of
procedural steps captured from each nonrepeating group of subject
matter experts; GS, number of procedural steps captured in the

gold standard.
Results

Study 1: hypothesis 1. Surgeons who give
unaided free-recall descriptions of the CVC and
Cric procedures will omit � 70% of the critical
steps when compared with the CTA gold standard
protocol

Results showed that surgeons omitted significantly more
decision steps than action steps when describing both med-
ical procedures. In the CVC study, experts omitted 29% of
the action steps and 35% of the decision steps. This was an
unexpected result that does not support the hypothesis and
warrants further study to determine the possible influence of
variables, such as recent media coverage of errors in the
procedure that has prompted ongoing retraining for the
placement and maintenance of the CVC. For the Cric pro-
cedure, experts omitted 34% of the action steps and 72% of
the decision steps. The significant number of critical deci-
sion step omissions supported hypothesis 1 for study 1.

Study 2: hypothesis 2. The number of experts
required to capture the optimal amount of critical
information necessary to perform each procedure
will be 3 to 4 experts

Results indicated that 3 to 4 experts are needed for a
CTA to capture the optimal amount of critical information

ucting integrated studies.
during a procedure. These data support hypothesis 2. The
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point of diminishing return for the actions and decisions for
both procedures are shown in Figures 3 and 4.

Study 3: hypothesis 3. A CTA-informed curriculum
on learning the Cric procedure will be more
effective than the traditional training

Although there were no significant differences in con-
ceptual knowledge between the experimental and control
groups, the experimental groups significantly (P � .006)
utperformed the control group on a 19-point CTA checklist
ith a CTA group mean score of 17.75 (standard deviation

SD] � 2.34) versus the control group mean score of 15.14
SD � 2.48).

As shown by the results, the performance increase for the
TA group is 17.24%, thus supporting hypothesis 3. The
TA group also reported significantly higher self-efficacy

cores (mean � 126.10, SD � 16.90) based on a 140-point
nventory than the control group (mean � 110.67, SD �
6.8, P � .029).

Comments

These studies support and extend previous research in
medical education and other professional domains that ex-
perts omit critical information students need to learn to
perform complex tasks successfully and that when this in-
formation is captured by conducting CTA and provided to
novices, performance gains are significant.

The criteria for selecting experts include both the number
of years of practice for a particular procedure and consistent
high levels of peer-acknowledged performance. For study 1,
biographical data were collected about the number of years
as a surgeon, the number of times the surgeon has per-
formed the procedure, the number of times the surgeon has
performed the procedure in the last 12 months, and the
number of times the surgeon taught the procedure in the past
12 months. Given this background, the relatively fewer

Figure 3 The number of action steps with each additional expert
for the CVC and open Cric.
omissions by experts for the CVC compared with the Cric
procedure in study 1 were unexpected. The experts reported
that they had an average of 17 years of experience as
medical doctors and had performed the procedure “hun-
dreds” or “thousands” of times. In contrast, the Cric experts
had an average of 12.75 years of experience and had per-
formed the procedure an average of 6.5 times. Given these
data, the expectation was that the CVC experts would be
able to recall fewer steps because of their automated knowl-
edge of the procedure; however, this was not the case.

There are 2 possible explanations for this result that
warrant further investigation. First, recent media in both the
public and medical arena have brought attention to the
patient complications resulting from improper placement
and maintenance of the CVC. This may have heightened the
experts’ awareness and attention to detail during the CTA
interview. In addition, because in part of the increased
awareness within the medical provider community, many
providers have recently participated in retraining in place-
ment of the CVC, which, given the previous discussion of
how skills are acquired, might have placed the experts in the
associative stage where conscious declarative knowledge is
more accessible. Nonetheless, the results show that future
studies are needed to examine the complex interactions
among declarative and procedural knowledge and the influ-
ence of prior knowledge and skill practice.

In sum, these studies extend previous research in medical
education and other professional domains that experts omit
critical information students need to learn and perform suc-
cessfully and that CTA is useful in capturing this expertise
when multiple experts are consulted. In addition, they sup-
port previous studies showing performance increases in
excess of 30% over control groups when training is based
on the results of CTA (personal communication from Colby
Tofel-Grehl, 2011). This is important for surgical educators
because it shows that CTA provides a method to extract the
knowledge of experts and create a gold standard protocol
for that procedure. Data from the gold standard can be then
put into training aids that can be given to learners and serve
as an advanced organizer for the procedure or put into
lesson plans for junior faculty who do not have the same

Figure 4 The number of decision steps with each additional

expert for the CVC and open Cric.
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knowledge and experience as an expert but who routinely
shoulder the responsibility for teaching novices.

As mentioned previously, the major advantage of CTA is
to capture those decisions and procedural steps that are not
routinely captured in traditional training and put that knowl-
edge into training protocols that cannot only be used to
teach but also assess learners. In this study, we believe that
we were able to create more comprehensive evaluation
instruments using the data obtained in the CTA interviews.
However, it is important to note that each instrument was
reviewed by all trauma faculty (including those who did not
participate in the CTA interviews or have access to that
data), and all items were determined to be important for the
assessment of each skill. In this study, we speculate that the
superior performance by the CTA group was the result of
participating in a more comprehensive curriculum in which
the learners were not forced to “fill in the gaps” in their
knowledge and not because of the “teach for the test” effect.
Instead, we believe that the additional data obtained in the
CTA interviews gave us access to the automated procedural
steps and cognitive decisions that may have been lost using
traditional methods. These data allowed us to develop a
more robust curriculum and more comprehensive evaluation
tools. Finally, the studies also support the concept that
collaborative research among surgical experts, senior re-
searchers, and graduate students can be effective to provide
a meaningful capstone experience in both research and
application.
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