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Abstract

Background: There are no studies identifying specific tasks in a simulation that increase stress and
cognitive workload.

Methods: This was a two-group comparative study of Novice and Expert Nurses participating in simu-
lation using pupillometry to measure stress and cognitive load associated with specific tasks.
Results: Significantly higher stress was found in the Novices for four of the six expected tasks, spe-
cifically interventional tasks requiring clinical judgment.

Conclusions: The Novices had greater stress on interventional type tasks. Simulations with more
emphasis on interventional tasks in which the nursing student is the sole decider of interventions
may decrease stress and enhance performance.
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Nurse educators are tasked with training prelicensure
nursing students in the development of strong clinical
judgment skills such as accurate interpretation of clinical
assessments and appropriate interventions based on that
assessment. To promote these abilities in students, nursing
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programs use simulation-based education (SBE) as prepa-
ration for the registered nurse (RN) role. Simulation, the
recreation of a clinical event, is known to reproduce the
stress of patient assessment and intervention (Bong, Fraser,
& Oriot, 2016), but specific causes of stress during SBE are
unclear. Based on seminal articles on stress, it is defined
here as the uncontrollable physical, biological, and/or psy-
chological responses of a person encountering strain
beyond their capacity to adapt/remain at ‘“homeostasis’
and displaying increased arousal in the aforementioned
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domains (Gaillard & Wientjes, 1994; Hobfoll, 1988; Selye,
1956). Some stress is beneficial as it can improve perfor-
mance but, depending on how a stressful situation is as-
sessed, it can impair performance (Ignacio et al., 2015).
Moderate levels of stress have been found to stimulate per-
formance in technical skills
(Leblanc, Woodrow, Sidhu,
& Dubrowski, 2008) while
excessive stress has been
shown to impair perfor-
mance (Arora et al., 2010)
and impair learning and
working memory capacity
(Al-Ghareeb, Cooper, &
McKenna, 2017; Bong
et al.,, 2016). Nursing stu-
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experience stress in
simulation associated
with tasks requiring
intervention and clin-
ical judgment.
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Claxton, & O’Brien, 2016),
but to date, it is unclear
which activities within the
simulation elicit stress and
if this effect is seen in expe-
rienced nurses.

Researchers have studied the overall impact of SBE on
learner stress using a variety of techniques such as
participant self-report and physiological changes in heart
rate, blood pressure, and cortisol levels (Ignacio et al.,
2015; McKay, Buen, Bohan, & Maye, 2010). These physi-
ological changes of the autonomous nervous system have
been associated with the cognitive load (the mental effort
associated with decision making) expended in relation to
the level of task difficulty (Causse, Senard, Demonet, &
Pastor, 2010). Although these physiological stress measures
have merit, the equipment sensors used to collect them can
be cumbersome, can be expensive, and do not all provide
data in real time. In addition, they do not capture immediate
task-evoked responses to changes in stress and cognitive
load. One technique without these disadvantages is pupill-
ometry, which uses eye tracking glasses (ETGs) to contin-
uously track pupillary responses (i.e., dilation/constriction,
point-of-focus) as a means of determining stress and cogni-
tive load during tasks without interfering in subject perfor-
mance. Video-captured pupil diameter changes have been
positively associated with cognitive load levels in increas-
ingly difficult arithmetic tasks (Chen & Epps, 2014). Along
with percentage of change in pupil diameter, level of cogni-
tive load induced by arithmetic tasks has also been assessed
with an eye tracker using visual field analysis (Gavas,
Chatterjee, & Sinha, 2017). In a study evaluating task-
evoked pupillary responses during a memory recall task,
participants who had lower-span working memory (i.e., re-
called fewer items) had larger changes from baseline in

may decrease subse-
quent stress in similar
clinical situations.

pupil diameter, as compared to those with higher-span
working memory (Heitz, Schrock, Payne, & Engle, 2008).

Pupillometry has the ability to identify the task-evoked
pupillary responses of participants in SBE. This informa-
tion could assist in informing faculty on specific clinical
activities that elicit stress and greater cognitive load in the
Novice versus the Expert nurse. Reliably identifying these
differences may illuminate the paradigm needed to suc-
cessfully advance novice nurse competency and decrease
stress in SBE. Therefore, for this study, we used pupillom-
etry, obtained by ETGs, on both Novice and Expert nurses
in a simulated clinical event to identify differences in stress
and cognitive load as detected by pupil dilations associated
with specific tasks.

Theoretical Framework

The Theoretical Framework used for this study is the
cognitive load theory (Paas, Van Merrienboer, & Adam,
1994; Sweller, van Merrienboer, & Paas, 1998), which de-
scribes the effect of performing a task on a person’s cogni-
tive processing ability. Excessive strain, such as that
contributed by stress, on a subject’s cognitive load can
impair performance by disrupting working memory (Bong
et al., 2016). Working memory is the process of organizing
incoming information to learn a skill and make decisions
(Moreno & Park, 2010). Impaired working memory im-
pacts both decision-making and skill performance
(Beddoe & Murphy, 2004) traits required of a competent
nurse. SBE is known to create stress in learners at all levels
(Bong et al., 2016) with higher levels of stress linked to
extraneous factors. Therefore, the design of this study’s
simulation was done such that extraneous stressors such
as observers, family members, clinical alarms, and nonfa-
miliar electronic systems were removed (i.e., electronic
health record replaced by a paper record; medications on
a table instead of in an unfamiliar electronic system).
Thus, the cognitive load of the study simulation was delib-
erately designed to reduce the effect of disparity in experi-
ence between Experts and Novices.

Methods
Sample

This study used a prospective, correlational-comparative
design with two groups: Novice nurses (senior prelicensure
nursing students nearing graduation; n = 13) and Expert
nurses (adult ICU or Emergency Department nurses with
>5 years of clinical experience; n = 15). Each subject
participated individually in a high-fidelity manikin-based
simulation of a patient with decompensated heart failure
(HF). The Novice nurses were recruited from a single
Baccalaureate School of Nursing. The Expert nurses were
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recruited from a large tertiary hospital and a smaller
community hospital. The study team recruited students to
the study in a class not taught by the researchers, and nurses
were recruited by blanket e-mail to nursing staff in several
ICUs. There was no grade impact or extra credit given for
participation in this study and all research activity was done
outside of work and school time. For their study participation,
each participant received a $25 gift card to a popular store.
Inclusion criteria for the Novice nurses consisted of status
as a senior prelicensure nursing student who had successfully
completed coursework in the care of the decompensated HF
patient. Inclusion criteria for the Expert nurses were employ-
ment of five or more years as an ICU or Emergency
Department (ED) nurse. Exclusion criteria included any
subject in which the ETG could not be calibrated or of which
satisfactory pupillometry data could not be quantified.

Instruments

Simulation Design

Simulation of patients with HF is important as HF is the
most common hospital discharge diagnosis in the United
States in patients aged 65 years and older (Pfuntner, Wier,
& Stocks, 2013) and this is a common patient situation
that all levels of nurses are likely to encounter. The study
simulation depicts an adult male patient complaining of
new onset dyspnea. During the simulation, the patient
(SimMan® 3G, Laerdal, NY) complains of increasing dys-
pnea with pulmonary crackles (fluid overload) on physical
examination. Expected clinical actions of the subjects
included: (a) Elevated the Head of the Bed (HOB); (b)
Applied the Pulse Oximeter; (c) Applied Oxygen to the
“Patient’s” Face; (d) Connected Oxygen to the Flow-
meter; (e) Listened to the Lungs; (f) Reviewed Orders/
Chose Furosemide (Lasix®). The patient’s symptoms do
not improve until both oxygen and furosemide have
been given (scenario end point—appropriate treatment
for decompensated HF). Content validation of the simula-
tion was done by HF nursing experts and a cardiologist at
the Ahmanson/UCLA Cardiomyopathy Center. It is a
basic nursing simulation, not intended to be difficult or
add any cognitive burden beyond what would be experi-
enced in the clinical setting and has been used in another
large study of over 160 nursing students (Shinnick, Woo,
Horwich, & Steadman, 2011). Each simulation was facil-
itated by a trained and certified health care simulation
educator. Debriefing was not included as it was not part
of the study objectives.

Video Capture

Video of each subject’s simulation was achieved wearing
ETGs (SensoMotoric Instruments [SMI, Teltow, Ger-
many]), software version 2.7. The ETGs have excellent
audio and video capture (24 Hz audio; 1280 x 960 video
resolution) and are able to collect large amounts of data
including a continuous measurement of pupil diameter of

SMI Eye Tracker
Glasses

Data Receiver,
connected to
glasses by cable

Belted pack to
carry data

Figure 1  Eye tracking glasses with pupillometry feature as
worn in simulation.

both eyes (pupillometry) (Figure 1). Pupillometry data are
captured second by second and are linked to video actions.
The resulting video is from the view of the subject so sub-
jects cannot be seen or identified. Following all the simula-
tions, the researcher reviewed each coded, anonymous
video and annotated for the time of clinical task initiation
to be linked to any pupil changes.

Stress/Cognitive Load Detection (Pupillometry)
Right and left pupil diameters were captured by the ETG at
a sampling rate of 60 Hz (60 gaze points per second). As
each participant had a unique pupil dilation value at the
start of the simulation, the researchers noted the mean pupil
dilation at the simulation start time (Baseline) and the
subsequent pupil changes associated with the tasks were
recorded as ‘“Change from Baseline” (dilated [positive
change] or constricted [negative change]). ““Change from
Baseline” pupil diameter of each subject was then matched
to the task annotations of the six clinical tasks: (a) Elevated
the Head of the Bed (HOB); (b) Applied the Pulse
Oximeter; (c) Applied Oxygen to the ‘“‘Patient’s” Face;
(d) Connected Oxygen to the Flowmeter; (e) Listened to the
Lungs; (f) Reviewed Orders/Chose Furosemide (Lasix®).
Room lighting was held constant throughout the data
collection period. There were no subjects wearing correc-
tive lenses, and all subjects included in this study had full
pupillometry data.

Demographic Questionnaire

A demographic questionnaire was completed after the
simulation so the topic of the simulation would not be
divulged. It included history of personal or family experi-
ence with HF, the participant’s status (Novice or Expert),
age, gender, and prior simulation exposure.

Data Collection Protocol

This study was IRB approved. Following an explanation of
the study and signed informed consent and confidentiality

pp 21-27 e C(linical Simulation in Nursing e Volume 31



Task Evoked Stress and Cognitive Load in Simulation

24

Table 1  Completion of Expected Tasks Between Groups
Novice Expert
Variable (n = 13) (n = 15)
Elevated the Head of Bed 92% 93%
Applied Pulse Oximeter 92% 100%
Applied Oxygen to Patient 92% 100%
Connected Oxygen to Flowmeter 85% 93%
Listened to Lungs 77% 80%
Reviewed Orders/Choose 92% 100%
Furosemide
Checked K+ level 15% 0.07%

agreements, each subject was individually fitted with the
ETG and their eyes calibrated to the software (Bojko,
2013). They were individually oriented to the simulation
room, manikin features, and available supplies such as
medication area and medical record (prebrief). Each subject
then participated solo in a 10-minute HF simulation sce-
nario initiated by a patient history (not revealing a diag-
nosis of HF or HF exacerbation) followed by the patient
manikin (SimMan® by Laerdal) complaining of new onset
dyspnea. The complaints and symptoms of the simulated
patient do not improve until oxygen and furosemide (La-
six®) are administered, as ordered by the provider in the
medical record. Six basic nursing tasks, as detailed previ-
ously, were expected to be completed. There was no de-
briefing as the objective and focus of this study was to

differences between the groups in a simulated clinical
experience.

Statistical Analysis

Descriptive statistics were used for the demographic data.
Pupillary Change from Baseline for the six aforementioned
tasks was analyzed using nonparametric tests (Mann—
Whitney U test) as the data were not normally distributed.
Statistical significance was prospectively set at p < .05.

Results

None of the subjects had a personal or family experience
with HF. Statistical significance was found between the
groups for age (Novices 25.38 =+ 6.15; Experts
38.9 £ 10.07; p = <.01), but there was no statistical differ-
ence between the groups for the number of simulations they
had participated in previously (Novices 4.69 + 1.4; Experts
4.20 £ 2.3; p = .71) or gender (p = .06).

Of the 28 participants (Experts [n = 15]; Novices
[n = 13]; males = 2 [Novices]), only 57% completed all
the expected tasks (Novices 46%; Experts 67%). Within the
remaining subjects that skipped an expected task, 75% of
them only missed one task (e.g., did not auscultate the
lungs) (Table 1).

Using Mann—Whitney U test, “Change from Baseline”

identify task-evoked stress and cognitive workload pupil diameter was computed for the six expected tasks. As
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Figure 2  Total mean pupil diameter change from baseline between Novices and Experts during clinical activities.
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not all participants completed all tasks, a test-by-test elim-
ination was done to adjust for incomplete data. Statistical
significance in pupil dilation between the groups was found
for four of the six tasks: (a) Elevated the HOB (p = <.01);
(b) Applied Oxygen to the Patient’s Face (p = .03); (c)
Connected Oxygen to the Flowmeter (p = .04); and (d)
Listened to Lungs (p = .04). While the Novices had pupil
dilation in each of these tasks, the Experts had pupil
constriction in one of the three tasks (Applied Oxygen to
the Patient’s Face) (Figure 2).

Discussion

Using pupillometry is a novel approach to determine task-
evoked pupillary responses due to stress and cognitive load
differences between Novice and Expert nurses in a common
simulated clinical event. Pupil changes revealed a higher
stress response in the Novice group during the tasks of
Elevated the HOB, Applied Oxygen, Connected Oxygen to
the Flowmeter, and Listened to the Lungs. The first three of
these tasks could be characterized as interventional type
tasks. These are tasks which Expert nurses commonly
perform in the clinical setting for all types of dyspneic
patients. However, while performed by most of the Novices
in the study, they were associated with higher stress and
cognitive load levels. This may be due to the fact that
nursing students would perform these tasks by themselves in
the clinical setting less often than an experienced RN. In the
clinical setting, when a patient becomes dyspneic, the RN
would typically “take over” the patient care. In contrast to
other tasks, Expert nurses showed pupillary constriction
while applying oxygen to the patient, the only task in the
simulation to produce such a response. We speculate that this
may indicate that the Experts were more relaxed during this
task, as pupil constriction is connected to the parasympa-
thetic nervous system. Constriction is also caused by the
accommodation reflex, which occurs when a person focuses
from a faraway object to one closer; it may be that the
Experts were more comfortable moving closer to the patient
than the Novices (McDougal & Gamlin, 2015). The fourth
task, Listened to the Lungs, while more likely characterized
as an assessment task, also caused stress in the Novices in
this study. This may be due to the uncertainty of accurately
identifying the correct lung sounds (i.e., crackles vs.
wheezing in which the interventions are different) and the
subsequent decision making needed based on the lung
assessment. Making an accurate assessment is particularly
stressful to the Novice with limited experience as it directly
relates to the outcome of the patient.

Interestingly, two of the tasks (i.e., Applied Pulse Oximeter,
Reviewed Orders/Chose Furosemide [Lasix®]) did not indi-
cate increased stress or cognitive load in the Novice. A
possible explanation for why the Novice showed significantly
less stress during tasks that could be characterized as assess-
ment tasks could be the Novice was simply performing a

low difficulty level skill such as attaching the oximeter and
following provider orders. The Novice generally gains experi-
ence in performing these tasks in a skills laboratory and in the
clinical setting but the tasks themselves do not require any de-
cision making or clinical judgment. Novices heavily rely on
provider orders, which is essentially “following directions,”
atask the Novice does not see requiring any clinical judgment.
However, listening to the lungs, elevating the HOB (i.e., how
high to elevate), applying oxygen to the patient (i.e., choosing
a delivery device and liter flow level), and connecting the ox-
ygen to the flowmeter (i.e., how much liter flow) are interven-
tions that require clinical judgment and appear to create stress
in the Novice. Based on the cognitive load theory, the Novices
had impaired working memory that impacted skill
performance.

Pupillometry is valuable as it provides an indirect
measure of sympathetic arousal and activity of the locus
coeruleus, an area of the brain associated with performance
and attention (Aston-Jones & Cohen, 2005). Mean changes
in pupil size have also been tracked to the level cognitive
load involved in memory tasks, arithmetic, visual search
tasks (Attar, Schneps, & Pomplun, 2016; Goldinger &
Papesh, 2012). Studies using simulation (Reiner & Gelfeld,
2014; Zheng, Jiang, & Atkins, 2015) show that when pre-
sented with increasingly complex tasks, there is a positive
relationship between pupil diameter and perceived task dif-
ficulty. During the simulation in this study, the significantly
different pupillary responses of the Novices from the Experts
helped identify what specific tasks induce stress in the Nov-
ices. The Novices, with less clinical experience and practice
“being the nurse,” had significantly more stress and cogni-
tive load than the Experts. Improving Novice nurse clinical
judgment skills and experience in interventional type tasks
that require decision making can be accomplished by more
well-designed simulations and added practice in the role of
“being a nurse,” thus improving working memory.

Of note is the significant difference in age between the
Novices and Experts. The average age of the Novice was
approximately 25, and according to neuropsychological
studies, frontal lobe maturation continues in the 23 to 30
age range (Sowell, Thompson, Holmes, Jernigan, & Toga,
1999b). In the post adolescence period, the frontal cortex
is one of the most prominent sites of brain maturation,
such as by increased myelination, which may improve ex-
ecutive decision-making processing (Sowell, Thompson,
Holmes, Batth et al., 1999a). Novice nurses tend to be
younger than Expert nurses and thus more likely to have
a less developed frontal lobe. While nurse educators cannot
accelerate the aging process, they should be cognizant of
the effects of brain maturation in younger nurses and how
it affects differences in clinical judgment.

Aside from maturation effects on the frontal lobe, the
decision-making process is vulnerable to changes due to
stress. When under stress, the body quickly responds
through the sympathetic adrenomedullary pathway “fight-
or-flight” mechanism, resulting in the release of

pp 21-27 e C(linical Simulation in Nursing e Volume 31



Task Evoked Stress and Cognitive Load in Simulation

26

catecholamines that stimulate the locus coeruleus by way of
the vagus nerve, projecting into structures such as the
amygdala, hippocampus, and prefrontal cortex (Chrousos &
Gold, 1992) (Joels & Baram, 2009). The locus coeruleus is
responsible for the pupillary responses captured by the eye
tracker used in this study. Neuroimaging studies have
shown that these areas of the brain, which involve the regu-
lation of emotions, memory, and decision making, show
metabolic changes leading to altered behavior during
stressful events (Pruessner et al., 2010). Although this pro-
vides the neurological basis for impaired decision making
under stress as seen in Novice nurses, it should be noted
that individual differences such as genetic factors, age,
medication use, and personality variables (i.e., low self-
esteem) also alter the reactivity of the stress response
(Pruessner et al., 2005). However, repeat exposure to the
same stressor is known to decrease the effect of stress on
the sympathetic adrenomedullary pathway system, thus
reducing impairment on decision-making areas of the brain
(Schommer, Hellhammer, & Kirschbaum, 2003). There-
fore, for subsequent clinical simulations, it may be of
benefit to the Novices to repeat the clinical activities that
were most stressful to them so as to ease their stress
response in future similar situations. Acting in multiple
simulations ‘““as a nurse” has been found to enhance the
synthesis of knowledge as well as improve clinical judg-
ment features such as noticing and interpreting patient con-
ditions (Lawrence, Messias, & Cason, 2018). In addition,
Shin and colleagues (2015) found repeating clinical simula-
tions improved student’s critical thinking scores (2015), an
ability necessary for clinical judgment.

As there was no statistical significance in simulation
experience between the Novices and Experts, it is unlikely
that any of the differences in stress could be attributed to
simulation experience. However, Expert nurses have more
actual clinical experience and have likely encountered these
same tasks on multiple occasions whereas the Novices may
only be able to perform these tasks in a simulated clinical
event or under the direction of an RN.

SBE with some associated stress is valuable as it
represents the reality of the actual clinical setting (Bong
et al., 2016). With the insights gained by pupillometry,
SBESs should be designed to emphasize the interventional
tasks that elicit some stress to the Novice participant as a
means to develop clinical judgment ability while in a safe
environment. However, according to the Cognitive Load
Theory, SBEs with excessive stress will impair perfor-
mance by increasing cognitive load on the Novice, which
may lead to poorer learning outcomes (Bong et al., 2016).
SBE activities must be tailored to the level of the learner
and be appropriate for the simulated situation.

Based on these study findings, simulation experiences
with more emphasis on interventional tasks in which the
nursing student is the sole decider of clinical interventions
may enhance performance in SBE and subsequently the
clinical setting (Lawrence et al., 2018). This targeted

approach to simulated clinical activities could possibly
decrease both the practice gap and some of the stress and
cognitive load of nursing interventions for the Novice.

Limitations

Limitations that should be considered in this study are the
effects of any substance or possible undisclosed condition
that may affect pupillary responses of the participating
nurses. These include, but are not limited to, the simulating
effects of caffeine, anti-anxiety medications, and conditions
such as a general anxiety disorder. However, by using each
individual’s “Change from Baseline” pupil measurements,
we hoped to alleviate the effects of these individual
differences. Another limitation is the number of prior
simulations among the participants. This study was per-
formed at a time when the participant schools and in-
stitutions did not offer a large number of simulated
activities so replication on a sample with more simulation
experience should be done to confirm findings. Finally, use
of a valid and reliable subjective assessment tool of stress
and cognitive load at the end of the simulation (recall to
simulated tasks) would be valuable to determine any
correlation of subjective findings of stress and cognitive
load and those determined by pupillary differences.

Conclusion

In this study, clinical actions requiring a decision or an
intervention increased stress and cognitive load in senior
nursing students (Novices) despite multiple skills laboratory
sessions, simulations of similar clinical events, and over
300 hours of clinical experience with RN supervision. Possible
interventions to decrease stress and cognitive load in Novices
could include increased simulation experiences requiring the
Novice to make the decisions “as the nurse” and repeat
simulations with tasks that caused stress. More robust clinical
experiences that emphasize opportunities for the Novice to be
empowered to make clinical decisions are also needed.
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