Surg Endosc (2008) 22:196-201
DOI 10.1007/s00464-007-9452-0

Experienced surgeons can do more than one thing at a time: effect
of distraction on performance of a simple laparoscopic and
cognitive task by experienced and novice surgeons

K. E. Hsu - F.-Y. Man - R. A. Gizicki -
L. S. Feldman * G. M. Fried

Published online: 20 August 2007
© Springer Science+Business Media, LLC 2007

Abstract

Background While operating, surgeons are required to
make cognitive decisions and often are interrupted to
attend to questions from other members of the health care
team. Technical automatization may be achieved by
experienced surgeons such that these distractions have little
effect on performance of either the surgical or the cognitive
task. This study assessed the effect of adding a distracting
cognitive task on performance of a basic laparoscopic skill
by novice and experienced surgeons.

Methods In this study, 31 novice (medical students in
postgraduate years [PGYs] 1-2) and 9 experienced (fel-
lows/attendants and PGYs 4-5) laparoscopic surgeons
practiced the Fundamentals of Laparoscopic Surgery (FLS)
laparoscopic peg transfer task until their scores stabilized.
The mean normalized score after five repetitions then was
recorded. The subjects also were tested on the number of
mathematical addition questions they could answer in 1
min. This was repeated five times, with the mean number
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of questions attempted and the accuracy (% correct)
recorded. The laparoscopic and addition tasks then were
performed concurrently five times. Data, presented as
mean + standard deviation, were analyzed using Student’s
t-test. A p value less than 0.05 was considered statistically
significant.

Results  After practice to stable peg transfer performance,
the baseline peg transfer score was higher in the experi-
enced group (98 + 6 vs 87 = 12; p < 0.01). There were no
baseline differences between the groups in the number of
math questions attempted in 1 min (10 2 vs 9 +2;
p = 0.55) or the number of correct answers (9 + 3 vs 8 + 3;
p = 0.36). The comparison of baseline performance and
dual-task performance showed that the experienced sur-
geons had no decline in peg transfer score (98 £ 6 vs
97 £+ 6; p = 0.48), number of questions attempted in 1 min
(10 £ 2 vs 9 = 3; p = 0.32), or number of correct answers
(9 £ 3 vs 8 = 3; p = 0.46). In contrast, dual-tasking among
the novices was associated with a decrease in the number
of questions attempted (9 + 2 vs 8 £ 2; p < 0.01) and the
number of correct answers (8 = 3 vs 7 + 2; p = 0.02), and
with no change in the peg transfer score (87 £ 12 vs
88 + 8; p = 0.38) compared with baseline.

Conclusions Distraction significantly decreased a nov-
ice’s ability to process cognitively based math problems,
whereas there was no effect on experienced subjects. This
occurred despite the fact that the novice group had prac-
ticed to high-level peg transfer scores at baseline. This
suggests that the experienced surgeons had achieved
automatization of the peg transfer basic surgical skill to a
level that cognitive distraction did not affect performance
of either task. The experienced surgeons were able to
attend equally to both tasks, whereas the novices attended
to the surgical task at the expense of some aspects of
cognitive task performance.
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Modern surgical practice often requires multitasking, and
distractions are frequent. While operating, surgeons are
interrupted an average of 13.5 times per case [1]. Dis-
tractions often are cognitive in nature and require
immediate attention. Examples include calls from the ward,
consultations from the emergency department, ringing
pagers, door opening, and conversations not pertinent to
the surgical procedure [1].

It is unclear how distractions affect surgical perfor-
mance and to what extent experience or practice affects the
impact of distracting influences. Although experimental
psychology literature suggests that a slowing effect on
performance, termed the “psychological refractory period”
(PRP), exists in most dual-task situations [2, 3], experi-
ments examining the effect of distraction on surgical
performance have failed to show any statistically signifi-
cant effect [4, 5].

It might be expected that the presence of a distracting
stimulus would invariably affect the performance of the
primary task negatively. However, reported data regarding
the outcomes of dual-tasking are inconsistent. In fact,
depending on the types of tasks and study design, a dis-
tracting stimulus may have a positive, neutral, or negative
impact on the performance of a primary task [2, 5, 6].

Experience may strongly affect the impact of a dis-
tracting cognitive task on performance of a technical skill
because repeated practice allows many skills to become
automatic or “automatized” [7]. It is unclear whether
experience or practice allows surgical skills to become
truly automatized [2]. To our knowledge, no previous
studies have examined the effect of experience on a sur-
geon’s ability to negate distracting influences during
performance of a primary surgical task.

In the current study, the effect of a cognitive distracting
task on the performance of a simple laparoscopic task was
examined in relation to the level of surgical experience. We
hypothesized that experienced surgeons would be better
able to perform the cognitive and technical skill tasks
simultaneously if some degree of automatization of the
technical skill had already been achieved.

Materials and methods

A total of 31 novice (27 medical students and residents in
postgraduate years [PGYs] 1-2) and 9 experienced (fel-
lows/attendants and PGYs 4-5) laparoscopic surgeons
volunteered for the study at the McGill University Health

Table 1 Subject demographics

Experienced (n = 9) Novice (n = 31)

Gender (M/F) 6/3 13/18
Students 0 27
PGY 1-2 0 4
PGY 3-5 4 0
Fellow/staff 5 0

PGY, postgraduate year

Centre (Table 1). The study was approved by the Research
Ethics Board, and informed consent was obtained.

The subjects first performed the FLS peg transfer task.
This simulated laparoscopic transfer task and the perfor-
mance metrics have been previously described and
validated extensively [8—12]. Briefly, the FLS simulator
consists of a lighted, enclosed laparoscopic trainer box
fitted with two 12-mm trocars (Surgiport; U.S. Surgical,
Norwalk, CT) in a fixed position relative to the task
materials. A stationary video camera (Sony Corp, Mon-
treal, QC) is connected to a 19-in. monitor.

In the peg transfer task, six rings are picked up one at a
time from a left-sided pegboard by the left hand (if the sur-
geon is right-handed) using a grasping forceps, transferred to
a grasper in the right hand, and then placed sequentially on a
right-sided pegboard. After all six rings have been trans-
ferred, the process is reversed, with the rings transferred from
the right to the left hand. The task is always started with the
nondominant hand, and then the reverse is done. Scoring
rewards speed, with a penalty assessed whenever a ring is
dropped outside the view of the camera. A short instructional
video demonstrating the task was shown to each subject
before task practice and performance.

In preparation for the study, the subjects were super-
vised as they repeated the peg transfer task at least five
times and until three consecutive scores were reached with
less than a 10% variation in the FLS score. The FLS scores
incorporated time and error penalties. This was done in an
attempt to reduce any “learning curve” effects [13]. The
subjects then performed the peg transfer task five times,
and normalized FLS scores were recorded.

After baseline peg transfer performance, the subjects
performed the cognitive task, in which they answered as
many addition questions as possible in 1 min. Questions
were randomly generated by computer such that the addi-
tion questions were of “moderate difficulty” in that they
required the subject to “carry a digit” (e.g., 25 + 56). This
cognitive task was repeated five times, with the number of
addition questions answered correctly in 1 min and the
number of attempted questions recorded.

Finally, the surgical task was performed concurrently
with the distracting arithmetic questions five times (dual
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task), with the peg-transfer scores and the computation
results both recorded. The subjects were instructed that
both tasks had equal importance. For both the single- and
dual-task results, the mean of the five iterations was used in
the analysis.

Data are expressed as mean * standard deviation.
Within the novice and experienced groups, baseline per-
formance was compared with distracted performance using
the paired, two-tailed Student’s t-test. Novices were com-
pared against experienced surgeons using the nonpaired,
two-tailed Student’s z-test. A p value less than 0.05 was
considered statistically significant.

Results

At baseline (single tasks), the experienced surgeons had
significantly better normalized FLS peg transfer scores
than the novices (98 £ 6 vs 87 £ 12; p < 0.01) (Table 2).
This result occurred after the novice subjects had been
allowed to practice until their scores had stabilized. Scores
were considered to have reached plateau after at least five
practices, and when there was no more than a 10% varia-
tion in three consecutive trials. The average plateau score
of the novice group (85.9 s) did not differ significantly
from the mean score of the experienced surgeons in a large
multicenter database of FLS peg scores [12]. There were no
statistically significant baseline differences between the
experienced and novice groups in the number of math
questions attempted in 1 min (10 £ 2 vs 9 + 2; p = 0.59),
the number of correct answers per minute (9 + 3 vs 8§ + 3;
p = 0.36), or the percentage of correct answers (p = 0.06)
(Table 2).

When baseline single-task performance and dual-task
performance were compared, the experienced surgeons
showed no decline in peg transfer score (p = 0.48), number
of questions attempted in 1 min (p = 0.32), number of
correct answers (p = 0.46), or percentage of correct
answers (p = 0.6) (Table 3). In contrast, dual-tasking
among novices was associated with a decrease in the
number of questions attempted (p < 0.001) and the number

Table 2 Baseline (single-task) performance of experienced and
novice surgeons (mean =+ standard deviation)

Task Experienced  Novice p Value
(n=9) (n=31)
Peg transfer score 971.7+6 86.8 +12  0.001
No. of math questions/min 95«2 9.0+2 0.55
No. of correct math 88 +3 79+3 0.36
questions/min
Percentage of correct 91.6 £7 85910 0.06

math questions

@ Springer

of correct answers per minute (p = 0.02) compared with
baseline (Table 3). The novices had no statistically sig-
nificant change in peg transfer score (p =0.38) or
percentage of correct answers (p = 0.12).

Discussion

This study found that the impact of a surgical and cognitive
dual-task set on performance depended on the experience
level of the surgeon. The data suggest that more experi-
enced surgeons are able to perform both a surgical task and
a cognitive task concurrently without interference, whereas
novice surgeons attended to the surgical task to the detri-
ment of cognitive task performance. Cognitive distractions
did not seem to affect the performance of a simple surgical
task regardless of experience level. These results may be
explained by the concepts of attention and automaticity,
and may have real-world implications with respect to sur-
gical training and ensuring technical competence.

Attention is the mind’s cognitive input sensory mecha-
nism. In a rigid model of attention, only those stimuli
attended to, either consciously or unconsciously, will be
integrated into memory [2]. In a dual-task or “distracted”
situation, attention must be divided between two tasks. It
might be assumed that if attention is divided, the invariable
result will be a negative effect on the performance of one
or both tasks. In fact, depending on the types of tasks and
the study design, a distracting stimulus may have a posi-
tive, neutral, or negative impact on the performance of a
primary task [2]. For example, the ability to find a partic-
ular red-lighted number in a display of red numbers was
either enhanced or not affected by the presence of dis-
tracting green numbers [2]. Conversely, talking on a cell
phone simultaneously with driving in a simulator resulted
in more accidents and high-risk maneuvers than legal
intoxication [6].

Studying the effect of distraction on performance of
surgery in a virtual reality laparoscopic simulator (MIST-
VR), Goodell et al. [5] found that inexperienced surgeons
required more time to complete the simulator tasks when
distracted with arithmetic questions. However, in this study
of 13 subjects, there was no statistically significant impact
on overall simulator score, economy of motion, or errors.
Neither the impact of dual-tasking on the performance of
the secondary cognitive distracting task itself nor the
potential influence that practice or experience may have in
negating any distracting effects was described. Our study
aimed to examine the influence of surgical experience on a
simple surgical skill performed concurrently with a cog-
nitive distraction.

In this study, the sample size was calculated on the basis
of the results from a pilot study involving six novices and
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Table 3 Effect of distraction on experienced (n = 9) and novice (n = 31) surgeon performance (mean + standard deviation)
Task Experienced (n = 9) Novice (n = 31)

Baseline Distracted p Value Baseline Distracted p Value
Peg transfer score 97.7+6 96.7 + 6 0.48 86.8 = 12 88 + 8 0.38
No. of math questions/min 95+2 9+3 0.32 9+2 79 2 <0.001
No. of correct math questions/min 8.8+3 843 0.46 79+3 712 0.02
Percentage of correct math questions 91.6 +7 934 +6 0.60 859 + 10 89+9 0.12

three experienced surgeons. In the pilot results, the maxi-
mum standard deviation for the peg transfer normalized
FLS score for the novice group was 8.8. The standard
deviation for the experienced surgeons was 5.6. A differ-
ence of 10 in the normalized FLS score was considered to
be clinically significant, and this was used in the power
calculation.

Practically, more novices than experienced subjects are
available for study. Because novices show much more
variance than experts, we chose an expert:novice ratio of
1:3. To have a power of 0.8 and an alpha of 0.05, the
required sample size was calculated to be 11:33. We
reached 82% of the target expert sample size and 94% of
the target novice sample size.

The subjects were allowed to practice the peg transfer
task until their scores showed less than a 10% variation for
three consecutive trials. This was done to reduce the effect
of the early learning curve for the novice group, in which
performance sharply improves with each attempt. Baseline
single-task scores for both the peg transfer and computa-
tion tasks were recorded. The experienced surgeons scored
significantly better on the peg transfer task than the novice
surgeons at baseline (p < 0.01). Interestingly, because the
novice group practiced the surgical task before baseline
testing, their baseline scores, although lower than those of
the experienced surgeons, were nonetheless in the range
expected for “senior” subjects [11]. Despite these baseline
scores, the novice and experienced surgeons behaved dif-
ferently when faced with a concurrent cognitive task.

In the dual-task (distracted) situation, the timing of the
peg transfer began when the subject touched the first ring
(peg transfer, task 1), after which computation questions
(task 2) began as quickly as possible. Neither the novices
nor the experienced surgeons showed any decline in per-
formance of the peg transfer task. This result concurs with
the previous results of Goodell et al. [5]. However, the
novices did have a decline in their performance of the
cognitive task, as shown by a decreased number of ques-
tions attempted in 1 min, with no change in accuracy. This
result is consistent with a significant PRP.

The PRP effect is described as an often large slowing
effect observed when people try to perform two speeded
tasks close together in time (e.g., beginning within 50 ms

of each other). Subjects cannot effectively process or attend
to task 2 because their perceptual and central processes are
still engaged in task 1 (bottleneck theory) [14]. The effect
increases the closer the two stimuli are begun with respect
to each other. The responses to the first-presented stimulus
often are little affected, whereas the responses to the sec-
ond stimulus usually are slowed [2]. The PRP effect for a
dual-task situation can be significantly decreased and
sometimes eliminated if the first task is highly practiced
such that performance can become partially or completely
automatic (bottleneck bypass) [2].

In this study, the novice surgeons seemed to focus more
of their attention on the initially presented surgical skill
and did not attend as closely to the cognitive “distractor”
presented second, leading to a large PRP effect. The nov-
ices attempted significantly fewer questions per minute in
the dual-task situation as compared with the single-task
baseline (p < 0.001), but showed no change in the per-
centage of correctly answered questions (p = 0.12). This
suggests that while operating, novice surgeons can make
decisions without making more errors, but may require
more time to make those decisions. It is possible that this
finding is a result of novices “choosing” to attend more to
the surgical task because of some perceived greater
importance of the peg transfer task (“top-down” theory of
attention).

Another explanation may be that the peg transfer per-
formance is preserved because it was the first task
presented, and would be expected to show little influence
by the PRP effect. Yet another possibility is that peg
transfer was a specific type of stimulus that invariably
caused the surgical task to be attended to preferentially
(“bottom-up” theory) [2].

The surgical task chosen for evaluation in the current
study was quite basic. Peg transfer was chosen for its
validity and to allow for the participation of a novice sur-
gical group. Whether performance of a more complex
surgical task would be “protected” in the face of cognitive
distraction or not remains to be investigated.

Automatization in basic surgical skills may allow novice
surgeons to integrate multiple stimuli into a complex pro-
cedure (reduced-load effects) such that performance is
improved even in the face of distractions. In contrast to the
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novices, it seems that the experienced surgeons had prac-
ticed to a level at which the surgical skill became
automatic, such that the distracting addition questions did
not cause any interference in performance of either task.

The concept of automaticity was intensely studied in the
1970s and 1980s [2, 3, 15]. Automaticity theory states that
highly practiced tasks can be performed simultaneously with
other tasks without interference. Tasks that are continuous
for a time (e.g., surgery) seem to be more conducive to
achievement of true automatization than short discrete tasks
[16]. Task automatization generally has two features: a lack
of voluntary control (i.e., the operation proceeds more or less
reflexively given the proper stimulus) and a lack of inter-
ference with other ongoing mental processes [2].

Changes associated with automatization that can be
measured include a reduction in reaction time, a reduction
in load effects, and a reduction in dual-task interference.
All these changes need not be present for automatization to
exist [2, 3, 15]. In our study, the experienced surgeons had
significantly better peg transfer scores at baseline than
novice surgeons, showing evidence of decreased reaction
time with experience. Furthermore, they also showed no
decline in their performance of either the peg transfer or
computation tasks in the dual-task situation. In contrast,
novice surgeons showed a significant decline in the number
of questions answered per minute in the dual-task situation
as compared with baseline.

The observed reductions of experienced surgeon per-
formance in both reaction time and dual-task interference
suggest that some degree of automatization was achieved
by the experienced surgeons, whereas the novices did not
achieve automatization. This finding may have significant
applications in surgical education and the defining of “real-
world” surgical skill competence, in which distractions are
commonplace [17, 18, 19].

The results in this study may be relevant clinically
because many of the problems from the ward and consul-
tations are initially directed toward the most junior resident
surgeons. Recognizing how they respond to cognitive
challenges while performing technical maneuvers they are
still learning is important in developing strategies for sur-
gical education. Our results, although very preliminary,
suggest that while a junior surgeon is learning a procedure,
distractions such as urgent questions from the surgical ward
and emergency department should be limited, or addressed
during times of the operation when the technical challenges
are less demanding. As a student surgeon’s experience
grows, he or she may be increasingly able to answer clin-
ical questions even during a complex surgical procedure
because the skill may become automatized. Further studies
must be undertaken to define whether a surgical task has
any specific features that can be highlighted such that
automatization may occur more readily.
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A task that truly has become automatized is under
involuntary control and can be added to another task
without significant decrement in the performance of either
task. In this study, its seems the experienced laparoscopic
surgeons had achieved a level of automaticity in the peg
transfer task that enabled preservation of concurrent cog-
nitive analysis.

These results may address the issue of proficiency-based
simulator training. As resident work hours are increasingly
limited [20, 21], concerns over surgical proficiency and
competency have been raised [22]. Interest in developing
simulator-based training and validated tests of proficiency
has increased dramatically [8—13].

In current proficiency-based curricula, trainees are
required to practice until they achieve a specific perfor-
mance score [23, 24]. Another putative end point of
training is the surgeon’s achievement of automaticity,
measured as in this study. Further studies involving
retention of acquired skill need to be performed to deter-
mine whether training to automaticity results in better long-
term retention of skill than training simply to achievement
of a specific time or score in the simulator.
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