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Stress; BACKGROUND: This study was conducted to assess the effects of examination-induced stress on the
Examinations; technical performance of junior surgery residents.

Performance; METHODS: Twelve first-year surgery residents completed 2 surgical tasks (skin excision, tracheot-

Technical skills

omy) in low- and high-stress condition (in-training examination—ODbjective Structured Assessment of
Technical Skills [OSATS]). Residents rated their subjective stress levels on a 10-point Likert-like scale.
Performances were videotaped and assessed by 3 blinded experts using checklist and global rating
scales.

RESULTS: Residents reported moderately higher stress levels in the exam condition than in the
low-stress conditions (P < .05). Their performance was rated higher in the exam condition on the
checklist scales (P < .05) but not on the global rating scales (P = .79).

CONCLUSIONS: Residency in-training exams induce moderate stress levels in junior surgery resi-
dents and are accompanied by improvements in technical performance as assessed by checklist-based
scales. There were no differences on the global rating scales due to stress conditions, suggesting that
residents were better at following the itemized sequence of movements when stressed, but their overall
global performance was not altered.

© 2008 Elsevier Inc. All rights reserved.

Clinical practice can be filled with stress for physicians,
resulting from treating critically ill and rapidly deteriorating
patients, functioning while deprived of sleep, inadequate
personal time, and disruptions in social support.'~* During
training, medical students and residents encounter addi-
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tional stressors such as licensing exams and conflicts be-
tween their clinical and education responsibilities.” Re-
searchers have shown that the stress encountered during
clinical practice and medical education has a significant
effect on individuals, leading to higher than average levels
of anxiety and depression in medical trainees compared to
the general population of working adults.*~® Despite the
documented link between job stress and mental health,’
there is little research on the impact of stress on the cogni-
tive, behavioral, and technical skills of health profession-
als.®

Friedlish et al® recently showed that the inclusion of a
laboratory-based technical skills station on a Canadian high-
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stakes examination for general license is both feasible and
valid. To date we know very little about the technical
performance of residents during this type of examination, as
compared to performance on similar stations when not be-
ing evaluated. However, evaluations—whether summative
or formative—are reported as being one of the most signif-
icant sources of stress for residents.? In light of the possi-
bility of future inclusion of technical skills evaluation on
high-stakes examination, it is important to understand how
stress affects trainees’ abilities to carry out necessary tech-
nical skills. Therefore, before the widespread implementa-
tion of technical skills assessment during a formal exami-
nation, it is crucial to study the possible changes in technical
performance as a consequence of the stress and anxiety that
can be imposed by these examinations.

The few studies in which the impact of stress on clinical
performance has been investigated have focused on cogni-
tive performance. Cumming and Harris'® found that both
experimentally induced and naturalistic anxiety impaired
the clinical decision-making ability of senior medical radi-
ation science students. In a study with highly skilled para-
medics, the stress induced by working through realistic
clinical scenarios in a human patient simulator led to a
significant decrease in the ability to solve drug calculation
problems.'' Both of these studies are consistent with the
psychological literature indicating that socio-evaluative
stressors, where one is being evaluated or critiqued by one
or several other persons, reliably induce subjective stress
responses in individuals.'*'? Interestingly, there are no doc-
umented studies evaluating the effects of stress on the motor
skills of surgical trainees. In the motor performance litera-
ture, the findings regarding the effects of stress are ambig-
uous. While some researchers have found that induced
stress impairs motor performance in sporting activities,
other researchers have found that stress can facilitate motor
performance.'*

The purpose of the current study was to measure the
effects of examination stress on the technical skills of sur-
gery residents. The subjective stress levels and the technical
performance of junior residents were measured during low-
stress conditions and during in-training examinations.

Methods

Participants

The participants in this study were 12 surgery residents
enrolled in their first year of postgraduate training (PGY1)
at the University of Toronto. The residents participated in
the study on a voluntary basis, in conjunction with their end
of year in-training examination in a laboratory-based course
of principles of surgery. Informed consent was obtained
from each participant, and institutional ethics approval was
obtained. The residents received a modest monetary hono-
rarium for their participation in the study.

Study design

The study design was a within-subject repeated-mea-
sures design, with the residents serving as their own con-
trols. Each resident performed 2 experimental tasks during
their in-training Objective Structured Assessment of Tech-
nical Skills (OSATS) examination, and during 2 control
low-stress conditions. The OSATS examination is consid-
ered a high-stress condition because it contains 2 elements
of socio-evaluative stressors'; the presence of others for
purposes of evaluation, and elevated stakes because stu-
dents with extremely low scores are reported to the program
director with recommendation for additional practice. Fail-
ure on this exam is documented in the resident’s training
portfolio and the resident undergoes remediation.

The first low-stress condition (pre-exam) occurred 1
week prior to the OSATS exam and the second low-stress
condition (post-exam) occurred 1 week following the
OSATS exam. We included 2 low-stress conditions, 1 be-
fore and 1 after the exam, in order to measure the effects of
familiarity with the exam on performance, given that it was
not feasible to counterbalance the order of the OSATS and
low-stress conditions.

In the 2 low-stress conditions, the residents performed 4
tasks: 2 experimental procedures and 2 filler procedures.
The filler procedures were included to ensure that the exact
content of the OSATS examination was not revealed to the
residents. During the pre-exam low-stress session, the res-
idents were simply informed that any or all of the proce-
dures could be included on their OSATS examination. Con-
sistent with the format of the OSATS examination, and to
avoid any potential confounds of time pressure, the resi-
dents were given 12 minutes to complete each task. Their
performance of each task was videotaped from the elbows
down, and the residents wore surgical gowns and gloves to
achieve blinding of the resident identity and experimental
condition. The same 4 procedures were performed during
the post-exam low-stress session in order to keep the low-
stress sessions as similar as possible.

During the OSATS examination, the residents partici-
pated in their regularly scheduled in-training exam in a
standard manner. The OSATS consisted of an 8-station,
bell-ringer format examination. During each station, resi-
dents were given 12 minutes to complete a defined surgical
task on a bench model. Examiners (faculty surgeons, all
fellows of the Royal College of Physicians and Surgeons of
Canada and experienced with the OSATS examinations)
rated the residents’ performance on detailed task-specific
checklists and global rating scales. These examiners rated
the residents by direct observation for the purposes of the
Department of Surgery OSATS examination, and these
scores were not available for the purposes of this study.
Performances on each of the selected tasks were videotaped
from the elbows down. The residents wore surgical gowns
and gloves and were identified by a unique code to achieve
blinding of the resident identity and experimental condition.
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Permission to videotape the performance of the residents on
the selected tasks during this OSATS examination was
granted by the University’s research ethics board, the chair
of the Department of Surgery, and the course director. As
described in the “outcome measures” section, a separate
group of examiners scored the videotapes for the purposes
of this study.

Tasks

The residents performed 2 experimental tasks in each of
the experimental conditions. The first task was a skin exci-
sion. The residents were required to excise a skin lesion
with an elliptical incision and to close the wound primarily
with interrupted sutures. The second task was a tracheot-
omy. The residents were required to perform all major steps
of a tracheotomy including (1) skin incision; (2) dissection
through strap muscles; (3) identification of trachea; (4)
tracheotomy; (5) coordination of endotracheal tube with-
drawal with proper tracheotomy tube insertion; and (6)
appropriately securing tracheotomy tube. The 2 particular
tasks were selected because they were part of the first-year
curriculum of the surgical residency training and the resi-
dents had received approximately 6 hours of laboratory-
based training and practice on these tasks. Furthermore, we
selected tasks that were reported as having different levels
of difficulty, with the tracheotomy reported as being more
complex and challenging. While the residents were familiar
and experienced with the tasks, they were not informed of
the items included in the performance measures.

Outcome measures

The subjective stress levels were assessed by a question
posed to the residents prior to each of the procedures and a
question posed immediately after each procedure. The ques-
tion posed prior to each procedure was: “How stressed do
you feel right now?” The question posed immediately fol-
lowing each procedure was: “How stressful was the task
you just completed?” The residents answered each question
by circling a number on an anchored scale of 1 to 10 (1 =
not at all, 10 = extremely). These short questions have been
shown to be sensitive measures of subjective responses to
various stressors,'>'® and to be comparable to multi-item
subjective assessments and more invasive measures of
physiological stress such as cortisol and alpha-amylase lev-
els."”

The videotaped performances were randomized and then
independently viewed and rated by three raters (surgeons
who had a minimum of 1 year experience with rating tech-
nical performance) using both checklist scales and global
ratings of performance.'® ! The research raters had similar
experience with the checklist and global ratings scales as
did the examiners for the OSATS examination. Each resi-
dent was awarded a checklist score, and a global rating
score. The checklist score indicates the completion of a

detailed list of operation specific procedures. It consists of a
checklist of the chronological steps involved in a procedure.
For each step, residents are scored a O if the step is incor-
rectly performed and a 1 if it is accurately performed.'® The
residents are awarded a score between 0 and 100, depending
on the percentage of steps properly performed during each
task. The global rating score is a measure of general oper-
ative performance. It consists of seven items (ie, respect for
tissue) that are scored on a 5-point scale. Points 1, 3, and 5
are anchored with behavioral markers.'® Residents are
awarded a score between 7 and 35, based on the sum of the
scores on each item. Both of these methods of evaluation
have been previously validated in numerous studies.'®~'
The raters were blinded to the experimental condition and to
the residents’ identities.

Analyses

Each of the subjective stress measures and performance
measures were submitted to separate repeated-measures
analyses of variance (ANOVA), with the procedure (skin
excision, tracheotomy) as a random effect repeated measure
and condition (pre-exam low stress, OSATS, post-exam low
stress) as a fixed effect repeated measures. Post hoc analyses
were conducted with the use of repeated measures ¢ tests.
Agreement between the raters on the checklist and global
rating scales was computed by means of intraclass correla-
tion coefficients. The data are presented as the means and
standard errors, unless otherwise noted.

Results

Stress responses

Across the 3 conditions, the residents reported higher
subjective stress levels prior to performing the tracheotomy
than prior to performing the skin excision. For both tasks,
the residents reported higher subjective stress levels prior to
performing the OSATS exam than prior to the 2 low stress
conditions. They also reported slightly higher stress levels
prior to the pre-exam low-stress session than prior to the
post-exam stress session, which likely reflected their uncer-
tainly or lack of experience with the set up of the study.
There was no significant task by condition interaction. Ta-
ble 1 provided means and standard errors, as well as a
summary of the statistical analyses.

Following completion of the procedures, the residents
rated the tasks as having been more stressful in the OSATS
condition than in the 2 low-stress conditions. The residents
also rated the tasks as having been less stressful in the
post-exam than in the pre-stress low condition. They re-
ported the 2 tasks as having been equally stressful. There
was no significant task by condition interaction. Table 2 lists
the means and standard errors, and summarizes the statisti-
cal analyses.
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Table 1  Subjective stress question 1: how stressed do you
feel right now?

Pre-exam  OSATS Post-exam
low stress high stress low stress Average

Suture 1.9 (.4) 3.3 (.5) 1.3 (.2) 2.2 (.2)
Tracheotomy 2.4 (.3) 4.1 (.6) 1.7 (.2) 2.7 (.2)
Average 2.2 (.3) 3.7 (.5) 1.5 (.2)

Scores are out of 10. Numbers in parentheses are SEM, as generated
by ANOVA.

Main effect of task: F(1,11) = 4.95, MSE = 1.0, P < .05, eta® =
.31. Tracheotomy > suture.

Main effect of condition: F(2,22) = 12.0, standard error of the
mean = 2.5, P <.01, eta® = .52. OSATS > pre low stress, post low
stress; pre low stress > post low stress.

No interaction between task and condition: F(2,22) = 2.9, MSE =
.9, P = .75, eta® = .03.

Performance

The agreement between the raters on the checklist scales
was good, with the inter-rater reliability (intraclass correla-
tion coefficient) of .70.%> The scores from the 3 raters were
averaged together and all analyses were conducted on these
averaged scores. The analyses of the checklist scores re-
vealed a significant main effect of condition. The scores
during the OSATS examination were higher than in the
pre-exam low-stress condition. The scores were not statis-
tically different between the 2 low-stress conditions or be-
tween the OSATS examination and the post low-stress con-
ditions. Checklist scores on the suture and the tracheotomy
tasks did not differ significantly from each other. There was
no significant condition by task interaction on the checklist
scores. Table 3 provides means and standard errors, as well
as a summary of the statistical analyses.

The agreement between the raters on the global rating
scales was fair, with the inter-rater reliability (intraclass
correlation coefficient) of .52.%> The scores from the 3 raters

Table 2  Subjective stress question 2: how stressful was
the task you just completed?

Pre-exam  OSATS Post-exam
low stress high stress low stress Average

Suture 2.3 (.4) 2.6 (.6) 1.6 (.2) 2.5 (.3)
Tracheotomy 3.0 (.6) 4.8 (.6) 1.3 (.1) 3.1 (.3)
Average 2.7 (.4) 4.2 (.6) 1.4 (.1)

Scores are out of 10. Numbers in parentheses are SEM, as generated
by ANOVA.

No nain effect of task: F(1,11) = 3.81, MSE = 1.5, P = .08, eta® =
.25.

Main effect of condition: F(2,22) = 16.8, MSE = 2.7, P < .01,
eta® = .61. OSATS > pre low stress, post low stress; pre low stress >
post low stress.

No interaction between task and condition: F(2,22) = 2.8, MSE =
1.2, P = .08, eta® = .21.
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Table 3  Average scores on the checklist scale
Pre-exam  OSATS Post-exam
low stress high stress low stress Average
Suture 78.9 (2.4) 8.9 (2.5) 81.7 (1.9) 8.5 (1.9)

Tracheotomy 77.8 (2.5) 83.9 (2.6) 79.0 (3.3) 8.2 (2.4)
Average 78.3 (1.7) 82.4 (2.2) 8.3 (1.9)

Scores are out of 100%. Numbers in parentheses are SEM, as
generated by ANOVA.

No main effect of task: F(1,11) = .1, MSE = .1, P = .91, eta® =
.001.

Main effect of condition: F(2,22) = 3.4, MSE = .003, P = .05,
eta® = .23. 0SATS > pre low stress.

No interaction between task and condition: F(2,22) = 1.3, MSE =
.004, P = .29, eta® = .11.

were averaged together and all analyses were conducted on
these averaged scores. The analyses of the global rating
scores revealed a main effect of condition. The residents’
scores did not differ between the OSATS examination and
the pre-exam low-stress condition. The scores during the
post-exam low-stress condition were higher than the scores
in both the pre-exam low-stress condition and the OSATS
examination, suggesting a slight improvement due to prac-
tice (ie, exposure to the experimental examinations). Global
rating scores for the suture and tracheotomy task did not
differ significantly from each other. There was no signifi-
cant task by condition interaction. Table 4 lists the means
and standard errors, and summarizes the statistical analyses.

Comments

In this study, the subjective stress levels and the technical
performance of junior residents were measured during low-
stress conditions and during in-training examinations. The
effects of examination-induced stress on the technical skills
of surgery residents were assessed. The results showed that
a laboratory-based in-training examination led to moderate
increases in the subjective stress levels of junior surgery

Table 4 Average scores on the global rating scale

Pre-exam  OSATS Post-exam

low stress high stress low stress  Average
Suture 25.6 (.6) 24.6 (1.2) 27.0 (.9) 25.7 (.7)
Tracheotomy 24.4 (1.2) 25.9 (1.3) 28.4(.8) 26.2 (.9)
Average 25.0 (.7) 25.2 (1.0) 27.7 (.6)

Scores are out of 35. Numbers in parentheses are SEM, as generated
by ANOVA.

No main effect of task: F(1,11) = .2, MSE = 21.7, P = .67, eta® =
.02.

Main effect of condition: F(2,22) = 5.7, MSE = 9.23, P < .01,
eta® = .34. Post low stress > OSATS, pre low stress.

No interaction between task and condition: F(2,22) = 2.3, MSE =
5.8, P = .12, eta® = .18.
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residents. This socio-evaluative stress induced by the in-
training examinations appeared to have a facilitating effect
on certain aspects of the technical performance. Specifi-
cally, we observed an improvement of checklist scores dur-
ing the examination compared to the low stress pre-exam
session. These checklists scores represent a measure of
whether the appropriate actions were taken and accurately
performed during the procedure. These findings cannot be
attributed to repeated examinations effects, because perfor-
mance during the post-exam low-stress condition was not
significantly different than performance during the pre-
exam low-stress condition.

In contrast, the residents’ efficiency, economy, and flu-
idity of motion, as assessed by the global rating scale, do not
appear to be influenced by moderate stress levels. Rather,
the scores of the residents were higher in the post-exam
low-stress condition than in both the pre-exam low-stress
condition and the in-training examination. Given that the
residents reported that the tasks as more stressful in the
pre-exam low-stress and the in-training examination condi-
tion than in the post-exam low-stress condition, it is possible
that the more global aspects of surgical performance may be
vulnerable to slight increases in stress levels. However,
if increased stress levels led to impaired performance,
we would have expected the performance decrements to be
substantially greater in the exam condition, in which the resi-
dents reported significantly higher levels of subjective stress
than in the pre-exam low-stress session, both in anticipation of
the task and following the task. A more likely explanation is
that global performance improved with the repeated execution
of the procedures. This aspect of performance may be gov-
erned by different parts of the brain than the knowledge of
appropriate actions. It is considered procedural knowledge—
the “know-how” to perform tasks.”*** This knowledge can
generally not be verbally articulated and is nonconscious. Con-
sistent with our results, previous research has demonstrated
that this procedural knowledge is improved with repeated prac-
tice.”>* In summary, junior residents appear to be better at
remembering and following the sequenced steps of a procedure
(declarative knowledge) under moderate stress, but they do not
appear to be better in executing and performing these steps
(procedural knowledge). Rather, procedural knowledge is im-
proved with repetition and practice.

Interestingly, the 2 selected tasks did not differ in terms of
how stressful the residents had found them or in terms of the
performance scores (checklist and global rating scores). The
anecdotal reports of residents and educators suggested that
the tracheotomy would be more complex than the suture task.
The participating residents echoed this belief by reporting
higher anticipatory stress levels prior to the tracheotomy than
prior to the suture task. However, the results of the study
suggest that the 2 tasks, as assessed in the laboratory-based
skills courses, are equal in terms of how residents perform on
them and in terms of how stressful they are to perform.

The findings from this study are consistent with the
literature on the effects of stress on motor performance from

other domains. While it is generally accepted that stress,
both acute and chronic, has a negative effect on perfor-
mance, there is accumulating evidence that stress can some-
times facilitate performance. The effects of socio-evaluative
stressors appear to be mediated by the level of difficulty of
a task.>>?® The presence of observers or examiners is
thought to influence behavior in a number of ways. Theories
of general drive propose that the presence of others in-
creases the general arousal of the individual performing a
task.>> In situations of increased arousal, individuals are
more likely to engage in behavior that is well-learned or
automatic. On easy tasks, in which the behavior to be
performed is over-learned and often automatized, this will
lead to an improvement in performance. On tasks that are
more complex, the appropriate behavior is not well-learned
and some incorrect actions are present. Increased arousal
increases the occurrence of these incorrect or oversimplified
actions along, thereby impairing performance.

The presence of others can also influence the cognitions
of the individual performing a task. Self-attention theories°
suggest that the presence of others causes the individual to
become more aware of his or her own behavior and of the
salient standard of behavior (the “ideal”). This causes the
individual to engage in a self-regulating process by which
he or she is more focused on attempting to match the present
behavior with the standards of behavior. If the task is an
easy one, the discrepancy between the current behavior and
the standard will be small. In such a case, the individual
develops a positive expectation of outcome and perfor-
mance is enhanced as the individual attempts to improve
performance to meet the standard. However, if the task is
difficult or complex, the individual is more likely to per-
ceive a large discrepancy between the current behavior and
the standard of performance. In such a case, the individual
develops a negative expectation of outcome for resolving
the discrepancy and is more likely to withdraw from the
task, leading to performance impairment.

Regardless of the mechanisms by which behavior is
affected (increased arousal, increased self-attention), the
findings consistently suggest that the presence of others
facilitates performance on easy tasks and impair it on dif-
ficult tasks.'> The specific actions required on the tasks
selected for the current study appeared relatively easy for
the residents, as evidenced by an average score (for both
tasks) on the checklist scales of performance of around
80%. Thus, our findings are consistent with the literature of
socio-evaluative stressors.

The results of this study add to the literature by clarifying
the aspects of performance that are improved with moderate
stress levels. The improvements on the checklist scale sug-
gest that it is the residents’ ability to remember and follow
the sequenced steps of procedures that is enhanced by mod-
erate stress. In other words, their declarative memory23’24—
the knowledge of facts—is improved. This is consistent
with previous research demonstrating that moderate stress
levels lead to increases in cortisol, a hormone that is heavily
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involved in the declarative memory processes in the brain.?’

In turn, this can lead to improvements in declarative mem-
ory.?® In contrast, the more global aspects of performing a
skills, the residents’ fluidity, economy, and efficiency of
motions, does not appear to be influenced by moderate
stress levels. Rather, they appear to improve with practice.

The results of this study have interesting implications for
surgical education. Surgeries on live patients can be stress-
ful for junior residents. However, the results suggest that if
residents are well-trained on the procedures that they must
complete during these surgeries, their performance may be
immune to the stress they experience during these surgeries.
This provides support for the importance of laboratory-
based surgical training in preparation for operating room—
based surgical training. Evidently, these conjectures need to
be taken with caution, as the study was conducted with
junior residents who were completing relatively simple
tasks under moderately stressful conditions. Further studies
need to be conducted with more senior residents, with tasks
of varying levels of difficulty or mastery by the resident, and
under various conditions and levels of stress.

Furthermore, the recent interest in incorporating techni-
cal skill stations into high-stakes examinations suggest a
second area of inquiry that merits further research. The
stress levels induced by in-training examinations appear to
be moderate. Those induced by high-stakes licensing exam-
inations are likely to be higher, due to the implications
associated with the level of performance on such examina-
tions. There is some evidence suggesting that the more
evaluative an audience, the greater the performance impair-
ment.”” Given the interaction between stress and the degree
of difficulty of the task being performed, it is possible that
candidates of varying levels of competence may be differ-
ently affected by the stress of high-stakes examinations.
Those trainees who have mastered a particular task may
perform better during the exams while those who have not
mastered the task may demonstrate impairments due to the
stress of the examination, thus exaggerating the differences in
the final marks awarded to these 2 types of trainees.'?

In summary, the findings from this study suggest that
in-training examinations induce moderate stress in junior
residents. These stress levels are accompanied by improve-
ments in following the itemized sequence of movements
during technical procedures. To fully understand the effects
of socio-evaluative stressors on technical performance, fur-
ther research should be aimed at looking at the contributions
of the complexity of the tasks, the stakes of an examination,
and the level of experience or expertise of the individuals.
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