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OBJECTIVES: To test the feasibility of adding driving
simulation tasks to measure visuospatial ability
and processing speed to an existing neurocognitive
battery for breast cancer survivors (BCSs).

SAMPLE & SETTING: 38 BCSs and 17 healthy
controls from a cross-sectional pilot study conducted
at the University of Kansas Medical Center.

METHODS & VARIABLES: Exploratory substudy
measuring pupillary response, visuospatial ability,
and processing speed during two 10-minute
driving simulations (with or without n-back testing)
in a sample of BCSs with self-reported cognitive
complaints and healthy controls.

RESULTS: Feasibility of measurement of

pupillary response during driving simulation was
demonstrated. No between-group differences

were noted for pupillary response during driving
simulation. BCSs had greater visuospatial ability
and processing speed performance difficulties than
healthy controls during driving simulation without
n-back testing and slower n-back response time.

IMPLICATIONS FOR NURSING: Preliminary evidence
showed a possible link between cancer/treatment on
visuospatial ability and processing speed in BCSs.
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reast cancer survivors (BCSs) fre-

quently experience changes in cogni-

tive function attributed to the disease

and treatment. Proposed mechanisms

for these cognitive changes include
damage to neuroprogenitor cells, increased pro-
duction and release of peripheral and central proin-
flammatory cytokines, malfunction of DNA repair
mechanisms, and oxidative stress (Asher & Myers,
2015; Janelsins et al., 2014). BCSs have reported dif-
ficulty across a number of cognitive domains, such
as short-term memory, attention and concentration,
processing speed, and executive function, includ-
ing the ability to multitask (task switching) (Ahles
et al., 2012; Asher & Myers, 2015; Wefel et al., 2011).
However, other studies have failed to note objective
cognitive changes or dysfunction after treatment.
BCSs’ performance on standard neurocognitive tests
frequently do not correlate with their self-report of
cognitive changes. Some qualitative research results
have included participants’ concerns related to oper-
ating a vehicle, difficulty driving to familiar locations,
and accident near-misses (Myers, 2012; Player et al.,
2014). Standard neurocognitive testing may not be
sensitive to the level of cognitive effort expended by
BCSs to achieve performance that is within normal
limits (Hermelink et al., 2010).

Kahneman’s (1973) theory of attention and effort
defines cognitive effort (also referred to as cognitive
workload) as the mental effort or amount of atten-
tion and resources allocated to perform a task. Cancer
survivors frequently report having to work harder to
accomplish cognitive tasks they used to perform with-
out difficulty prior to their diagnosis and treatment.
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The excess expenditure of cognitive effort correlates
well with self-report and likely comprises a comple-
mentary construct to the behavioral assessment of
cognitive function in cancer survivors (Hermelink et
al,, 2010; Myers et al.,, 2018). Neuroimaging research
has demonstrated changes in brain activation com-
mensurate with cognitive effort in cancer survivors
reporting cognitive changes (Holohan et al., 2013).
These changes (e.g., hyperactivation, hypoactivation)
are postulated to be task-dependent and more sensitive
to cognitive effort expenditure than neurocognitive
task performance. Great interest exists in the investi-
gation of novel, less expensive, and clinically accessible
methods to assess cognitive effort instead of relying on
complex and costly neuroimaging. One promising area
of research is the investigation of pupillary response as
a measure of cognitive effort.

Pupillary response, specifically dilation, is an auto-
nomic and reflexive response to the expenditure of
cognitive effort (Beatty, 1982; Eckstein et al., 2017;
Marshall, 2007). The sympathetic and parasympa-
thetic nervous systems control pupillary dilation.
During sustained cognitive tasks, parasympathetic
fibers are inhibited as a result of locus coeruleus
activation and inhibitory signaling to the Edinger—
Westphal nucleus. This parasympathetic inhibition
relaxes the iris sphincter muscle, resulting in pupil
dilation (Eckstein et al., 2017; Murphy et al., 2014).
The changes in pupil diameter during neurocognitive
testing can be converted into the index of cognitive
activity (ICA), a scaled measure of cognitive effort
ranging from o to 1. The ICA is determined from the
estimation of the average number of abrupt disconti-
nuities in pupil size per second from the application
of wavelet decomposition and signal processing of
the algorithms of wavelet analysis. The ICA is dif-
ferentiated from pupillary response related to light
accommodation through signal smoothing. Pupillary
response has been studied in younger adults (Kahya,
Wood, et al., 2018), older adults (Beatty, 1982; Wang
et al., 2016), adults with Parkinson’s disease (Kahya,
Moon, et al., 2018; Ranchet, Morgan, et al., 2017;
Ranchet, Orlosky, et al., 2017), adults at risk for
Alzheimer disease (Granholm et al., 2017), and pre-
liminarily in BCSs (Myers et al., 2018). Pupillary
response as a measure of cognitive effort is advanta-
geous in a number of ways, including portability of the
equipment and lack of need for enclosed space assess-
ment as compared to neuroimaging. The procedure is
noninvasive and provides a real-time assessment of
cognitive effort without increasing the time needed
for neurocognitive testing. Disadvantages include
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potential inability to accurately scan pupils of individ-
uals with anomalies, such as cataracts or strabismus,
and the need for individuals to keep their eyes open
while concentrating on cognitive recall tasks.

The current authors conducted a pilot study
(referred to as the parent study) to assess pupillary
response as a measure of cognitive effort in BCSs
(Myers et al., 2018). Pupillary response was com-
pared during a 60-minute battery of neurocognitive
tests for working memory, sustained attention, and
verbal fluency in BCSs and healthy controls. In
this article, the authors report the use of pupillary
response during driving simulation in a subsample
from the parent study. Even abbreviated neuro-
cognitive testing batteries can be burdensome for
patients and clinicians. In addition, neurocognitive
tests typically are conducted in a somewhat artificial
environment (e.g., a quiet room without other stim-
uli or interruptions) and, therefore, may not provide
an ecologically valid representation of the cogni-
tive tasks of everyday life. The authors sought to
enhance the neurocognitive battery to include tests
that would be more representative of participants’
daily cognitive challenges. Driving simulation offers
the opportunity to evaluate performance in specific
cognitive domains while participating in challenging,
ecologically valid simulations of real-life activities
and ensuring the participants’ safety (Akinwuntan
et al., 2012; Vardaki et al., 2016). The visual aspect
of driving simulation pairs well with the pupillary
response measurement of cognitive effort (Chan
et al., 2010) in the cognitive domains known to be
affected by cancer and cancer therapy (Wefel et al.,
2011). Driving simulation also was of interest given
BCSs’ reported issues with vehicle operation and
driving based on qualitative studies by Myers (2012)
and Player et al. (2014). To the authors’ knowledge,
the current study is the first to incorporate driv-
ing simulation into neurocognitive assessment.
Visuospatial ability is required to maintain lane posi-
tion, follow a lead vehicle at a consistent distance,
and avoid obstacles. Processing speed is necessary to
respond to unexpected events (e.g., obstacle avoid-
ance) and changes in the driving environment (e.g.,
speed limits). To further simulate the cognitive load
involved for complex multitasking and executive
function, the authors combined driving simulation
with simultaneous testing of working memory and
sustained attention.

The purpose of this exploratory substudy was to
test the feasibility of enhancing an existing neurocog-
nitive battery (Myers et al., 2018) by adding driving
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simulation tasks to measure visuospatial ability and
processing speed for BCSs with self-reported cog-
nitive complaints. The primary aim was to evaluate
feasibility based on participant acceptability, toler-
ance, and data completeness. A second aim was to
compare cognitive effort (pupillary response index
of cognitive activity) between BCSs and healthy con-
trols during driving simulation with and without the
additional cognitive demand from a simultaneous
task of working memory and sustained attention
(n-back task). Finally, the third aim was to compare
performance on driving simulation tasks measuring
visuospatial ability (center line cross, speed limit
exceedance, out-of-lane time) and processing speed
(time in seconds to apply break at accident, colli-
sions) between BCSs and healthy controls.

Methods

Following institutional review board approval by the
University of Kansas Medical Center Human Subjects
Committee in Kansas City, all participants (N = 46)
who completed a cross-sectional parent pilot study
conducted at the University of Kansas Medical Center
to investigate pupillary response as a measure of cog-
nitive effort in BCSs were invited to take part in this
substudy to have an additional assessment during
driving simulation (Myers et al., 2018). The parent
study eligibility requirements included women aged
40-65 years who were diagnosed with stage I-IIT
breast cancer, were within three months to six years of
having completed chemotherapy (and radiation ther-
apy, if received), were currently receiving endocrine
therapy, and had complaints of cognitive dysfunction.
Healthy controls were required to be within the same
age range and education levels as the BCSs. Women
(BCSs or healthy controls) with a history of severe
clinical depression, Alzheimer disease, dementia, or
other conditions that would significantly affect cog-
nitive function were excluded. Substudy participation
involved informed consent for one additional study
visit to take part in the driving simulation.

Instruments

N-back task: The n-back task (2-back) neurocog-
nitive test was designed to assess working memory
and sustained attention and can be administered
with visual or auditory stimuli (Gongalves & Mansur,
2009; Owen et al., 2005). Psychometric analyses have
produced mixed results for the n-back task validity
with other clinical measures of working memory; reli-
ability coefficients range from as low as 0.09 to 0.55
(Redick & Lindsey, 2013). However, the n-back task
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is the most commonly used test for research exam-
ining cognitive load and the neural basis of working
memory processes (Jacola et al., 2014; Mencarelli et
al., 2019; Miller et al., 2009; Owen et al., 2005; Yaple et
al., 2019). The n-back task involves a series of letters
presented at a consistent pace (five seconds apart).
Participants must indicate when a presented letter
is n number of letters back from its previous pre-
sentation. The 2-back form of this test was selected
for administration in conjunction with driving sim-
ulation because of the desired level of difficulty (as
compared to the o-, 1-, and 3-back formats). The audi-
tory form of this test was administered for this study
with 17 targets and 56 distractors over 6 minutes of
presentation time during the second 10-minute driv-
ing simulation. Percent accuracy and n-back response
time were calculated.

Simulator Sickness Questionnaire: A very small
percentage of individuals (2%-8%) may experience
simulator sickness symptoms (a form of motion
sickness) during driving simulation, particularly
when the simulation involves multiple curves and
stops (Akinwuntan et al., 2005, 2014). The Simulator
Sickness Questionnaire (SSQ) is the most widely
used measure of simulator sickness (Balk et al., 2013).
Confirmatory factor analyses for use with driving
simulation confirmed three factors of nausea, oculo-
motor, and disorientation (factor loadings = 0.3-0.76)
(Balk et al., 2013). The SSQ is comprised of 16 items
ranked by participants from o (none) to 3 (severe)
and is predictive of participant dropout based on
simulator sickness symptoms (sensitivity = 80.6%,
specificity = 88.6%) (Balk et al., 2013; Kennedy et al.,
1993; Kim et al., 2017). The SSQ administration time is
about three to five minutes.

Procedures

Study participants were seated comfortably at the
driving simulator and positioned within 60-80 cm
from the eye-tracking camera. Calibration ensured
correct head positioning to capture pupillary mea-
surements when participants were gazing at the
monitor. Pupillary response was recorded at 60 Hz
with the FX3, an eye-tracking camera that was cali-
brated with EyeWorks™ software.

Driving simulation was conducted with a por-
table driving simulator (PDS). This desktop model
is a low-fidelity simulator, and images were gener-
ated with STISIM Drive® software and displayed
on a 23-inch computer screen. A Logitech® steering
wheel and pedals are integrated to the simulator
system. Car engine and ambient traffic sounds are
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simulated with a sound bar system to provide an
immersive experience. Driving simulation was initi-
ated with a one-minute straight road phase session
during which participants were oriented to the PDS

TABLE 1. Sample Characteristics by Group

BCSs (N=21) HCs (N=17)
Characteristic X SD X SD
Age (years) 53.5 6.2 53.1 1.7
Education (years) 16.3 2.7 17.8 2.5
Body mass index 27.04 5 28.7 7.3
Characteristic n n
Ethnicity
Not Hispanic or Latino 21 17
Race
Caucasian 19 17
African American 1 -
2 or more races 1 -
Menopausal status
Peri- or postmenopausal 21 11
Premenopausal -
Employment
Full-time 14 11
Part-time
Retired 1 1
Unemployed 1 -
Marital status
Married 14 11
Single 2
In a relationship 2 -
Divorced 2 2
Separated - 1
Widowed 1 -
Has ever smoked
Yes 11 4
Diabetic
Yes 4 1

BCS—breast cancer survivor; HC—healthy control

Note. Forage, range is 41-64 years; for education, range is 8-24 years;
for body mass index, range is 20-38.

Note. For age, education, and body mass index, two-sample Student’s
ttest was used for group comparison, and Wilcoxon rank-sum test was
used if the normality assumption was violated. All p values were greater
than 0.05. For all other characteristics, chi-square test was used for
group comparison, and Fisher’s exact test was used when the table was
sparse, with more than 20% expected cell counts less than 5. All p val-
ues were greater than 0.05 except for menopausal status (p = 0.0045).
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accelerator, brakes, video monitor, and steering
wheel. Two 10-minute driving simulation scenarios
were developed for the study. Simulation 1 involved
a car-following task. Instructions were delivered
via prerecorded audio. A lead vehicle was displayed
driving on the right side of a four-lane road at an
average speed of 60 miles per hour. This lead vehi-
cle changed speed at an increase or decrease of 10
feet per second in a sinusoidal wave form pattern.
Participants were instructed to follow the lead vehi-
cle, keeping a consistent distance behind the vehicle
while adapting to the constantly changing speed.
The test evaluated visuospatial ability in an applied
setting. Outcome measures included speed limit
time and distance, and lane positioning in relation-
ship to the center line and road edge. An unexpected
event (accident) appeared at the end of the scenario.
Participants needed to quickly apply the brakes
(processing speed) to avoid a collision. Simulation 2
was identical. However, a greater cognitive load was
imposed by requiring participants to simultaneously
complete the n-back (2-back) task during the car-
following phase of the second scenario. Participants
completed the SSQ following simulation 1 to confirm
the absence of symptoms prior to proceeding with
simulation 2.

Written instructions displayed on the PDS monitor
and prerecorded audio instructions were employed
to explain the n-back task to study participants. A
practice test was conducted prior to the initiation of
simulation 2 to familiarize participants to the task and
answer any questions. Auditory delivery of a series of
73 letters was prerecorded and played over six min-
utes during simulation 2. Participants were instructed
to pull the lever mounted on the steering wheel when
any letter played was the same as the letter played two
steps earlier.

Data Processing

Pupillary response was calculated from the raw pupil
size signal extracted with the EyeWorks software.
Wavelet decomposition was applied with the software
to estimate the average number of abrupt discontinu-
ities in pupil size per second. The pupillary response
value was transformed to the ICA (range = 0-1)
(Marshall, 2007). Mean and standard deviation ICA
values for the participants’ left and right eyes were
calculated for the car-following task in simulation 1
(without the simultaneous n-back task) and simula-
tion 2 (with the simultaneous n-back task). Mean and
standard deviation ICA values also were calculated
for the unexpected event (accident) phase of both
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TABLE 2. Pupillary Response Comparisons Between Groups Using the Index of Cognitive Ability

Breast Cancer Survivors (N = 21)

Healthy Controls (N = 17)

Variable n X
Driving simulation 1

Car-following task: left eye 20 0.42
Car-following task: right eye 21 0.37
Accident phase: left eye 20 0.4
Accident phase: right eye 21 0.38
Driving simulation 2

Car-following task and n-back task: left eye 21 0.38
Car-following task and n-back task: right eye 20 0.35
Accident phase: left eye 21 0.38
Accident phase: right eye 20 0.4

SD n X SD
0.12 17 0.4 0.15
0.15 17 0.4 0.14
0.12 17 0.4 0.13
0.15 17 0.39 0.11
0.13 17 0.4 0.1
0.15 16 0.39 0.11
0.15 17 0.43 0.12
0.12 16 0.42 0.11

Cohen’s d

0.12
-0.22
-0.05
-0.14

-0.21
-0.34
-0.34
-0.13

Note. Two-sample Student’s t test was used for group comparison, and Wilcoxon rank-sum test was used if the normality assumption was violated.
All p values were greater than 0.05. Changes in pupil diameter are converted into the index of cognitive ability, a scaled measure of cognitive effort
ranging from O to 1. Higher numbers indicate greater pupil dilation.

driving simulations. Data cleaning eliminated any
missing ICA values because of eye blinks or position
changes prior to data analyses. Driving performance
metrics were extracted for each participants’ two
driving simulations.

Statistical Analyses

Descriptive statistics were calculated for the partic-
ipants’ demographics. Two-sample Student’s t tests
were conducted for normally distributed continuous
variables. When assumptions of normality were vio-
lated, the Wilcoxon rank-sum test was used. Effect
sizes (Cohen’s d) were calculated for driving simula-
tion and n-back performance measures. Chi-square
testing was used for comparing categorical variables
between the two groups. Fisher’s exact test was used
when the tables were sparse, with more than 20%
expected cell counts less than 5. Within-group differ-
ences for pupillary response (as indexed by ICA) and
driving performance were calculated for both groups
with the Wilcoxon signed-rank test. Between-group
differences in change scores were tested with the
Wilcoxon rank-sum test. Between-group differences in
menopausal status were not associated with the study
outcomes, so the analyses were conducted with the full
sample. Participants with greater than 50% missing
ICA data for any particular performance variable were
excluded from the analyses for that variable. The sig-
nificance level was set at 0.05 for each test. No control
for multiple tests was considered for this exploratory
study.
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Results

Forty-six participants from the parent study (Myers
et al.,, 2018) were invited to take part in the driving
simulation assessment. Thirty-eight consented (21
BCSs and 17 healthy controls). The majority were
Caucasian, married, well educated, and employed
full-time (see Table 1). The only significant dif-
ference between the two groups was menopausal
status. About one-third of the healthy controls were
premenopausal despite no difference in mean age
(53 years for both groups). None of the participants
exhibited symptoms on the SSQ that warranted cessa-
tion of driving simulation. Missing data were minimal.
Only two participants (one BCS and one healthy con-
trol) had more than 50% missing data for the left or
right eye with any performance variable.

No between-group difference was noted for pupil-
lary response during driving simulation 1 (without
n-back task) or simulation 2 (with n-back task) (see
Table 2). Some of the estimated effect sizes (Cohen’s
d) were small to moderate (greater than 0.4), indicat-
ing that BCSs’ performance was worse than healthy
controls during simulation 1 for collisions (d = 0.52),
speeding tickets (d = 0.41), and out-of-lane time
percentage (d = 0.52), as well as slower processing
speed for the n-back task in simulation 2 (d = 0.52)
(see Table 3). Healthy controls demonstrated worse
performance for out-of-lane distance (p = 0.0452, d =
-0.68) during simulation 2.

Significant within-group differences were noted for
BCSs (see Table 4). BCSs” performance improved for
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collisions (p = 0.037) and out-of-lane time percentage
(p =0.029) during simulation 2. BCSs exhibited reduced
pupillary response for both eyes (as indexed by ICA)
during the car-following task with simultaneous n-back
testing in simulation 2 as compared to the car-following
task without concurrent n-back testing in simulation 1
(p = 0.048 for left eye, p = 0.044 for right eye).

Two between-group differences in change scores
were demonstrated. BCSs performed better than
healthy controls for out-of-lane time percentage
(p = 0.048) and center line crossings (p = 0.046). No
between-group differences in change scores were
found for n-back task accuracy.

Discussion

Driving simulation was acceptable to BCSs (91% from
the parent study were retained for the substudy), tol-
erable (0% simulator sickness noted), and feasible for
data completeness (only two participants’ data were
excluded from the analysis for any performance value).
Despite the between-group differences in cognitive
effort expenditure (as indexed by pupillary response/
ICA) for BCSs and healthy controls during neurocog-
nitive testing demonstrated in the parent study (Myers
et al., 2018), none were noted during the driving simu-
lation assessments, even when the cognitive load was
increased by adding the simultaneous administration

TABLE 3. Neurocognitive and Driving Performance by Simulation and Group

BCSs (N=21) HCs (N=17)
Variable X sD X sD Cohen’s d
Driving simulation 1
Time to apply break at accident (seconds)? 6.16 1.7 4.37 7.8 0.23
Collisions? 0.67 1.4 0.12 0.3 0.52
Pedestrians hit® 0.1 0.4 0.06 0.24 0.1
Traffic speeding tickets® 1.62 1.3 1.12 1.05 0.41
Over speed limit time (%)° 2.2 2.1 1.6 2.7 0.25
Over speed limit distance (%)° 2.4 2.1 1.9 3.2 0.17
Missed stop signs® 0.57 0.51 0.41 0.51 0.31
Center line cross® 0.38 0.67 0.24 0.44 0.25
Road edge excursions® 1.48 1.25 1 0.87 0.43
Out-of-lane time (%)° 3.88 3.85 2.34 1.14 0.52
Out-of-lane distance (%)° 0.68 0.68 0.61 0.37 0.12
Driving simulation 2
Time to apply break at accident (seconds)? 2.1 5 3.1 7.9 -0.15
Collisions? 0.14 0.48 0.06 0.24 0.21
Pedestrians hit® 0.05 0.22 - - 0.29
Traffic speeding tickets® 1.1 1.2 1.24 1.3 -0.11
Over speed limit time (%)° 1.44 1.87 1.55 2.23 -0.06
Over speed limit distance (%)° 1.58 1.82 1.66 2.22 -0.04
Missed stop signs® 0.43 0.51 0.59 0.51 -0.31
Center line cross® 0.29 0.9 0.35 0.49 -0.09
Road edge excursions® 1.2 0.87 1.06 0.9 0.15
Out-of-lane time (%)° 2.27 1.86 2.19 0.81 0.06
Out-of-lane distance (%)° 0.66 0.38 0.93 0.44 -0.68
N-back task accuracy (%)° 87 9 88 7 -0.08
N-back task response time (seconds)® 1.53 0.2 1.45 0.1 0.5

2Processing speed

®Visuospatial ability

¢Working memory and sustained attention
BCS—breast cancer survivor; HC—healthy control

Note. For out-of-lane distance in driving simulation 2, p = 0.0452 for the two-group comparison using two-sample Student’s
ttest. All other test p values were greater than 0.05 using the two-sample Student’s t test.
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TABLE 4. Within-Group Differences for Driving Performance and Pupillary Response and Between-Group Difference

in Change Scores for Driving Simulations 1 and 2

Breast Cancer Survivors (N =21)

Healthy Controls (N = 17)

Variable n X SD
Time to apply break at 21 -4.07 9.8
accident (seconds)

Collisions 21 -0.52 1.08
Pedestrians hit 21 -0.05 0.5
Traffic speeding tickets 21 -0.52 1.54
Over speed limit time (%) 21 -0.76 2.27
Over speed limit distance (%) 21 -0.82 2.54
Missed stop signs 21 -0.14 0.57
Center line cross 21 -0.1 1.09
Road edge excursions 21 -0.29 1.35
Out-of-lane time (%) 21 -1.6 4.53
Out-of-lane distance (%) 21 -0.02 0.73
ICA for car-following task: 20 -0.03 0.09
left eye

ICA for car-following task: 20 -0.04 0.08
right eye

ICA for accident phase: 20 0.0 0.11
left eye

ICA for accident phase: 20 0.01 0.07
right eye

2Group difference in change scores
ICA—index of cognitive ability

of the n-back task. In addition, within-group pupillary
response was significantly reduced for BCSs when the
n-back task was administered during simulation 2.

No significant between-group differences were
noted for visuospatial and processing speed perfor-
mance during driving simulation; however, effect size
indicated difficulty for BCSs during simulation 1 for
collisions, speeding, and poor lane position. These dif-
ficulties within the cognitive domains for processing
speed and visuospatial ability are consistent with the
evidence from qualitative work in which BCSs reported
issues with vehicle operation and driving (Myers, 2012;
Player et al., 2014). Further investigation with a larger
sample is needed to validate the results compared to
healthy controls. Driving simulation performance for
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p n X SD p
0.07 17 -1.28 10.1 0.691
0.037 17 -0.06 0.43 0.773
1 17 -0.06 0.24 1
0.109 17 0.12 1.41 0.735
0.14 17 -0.05 1.88 0.913
0.156 17 -0.28 2.3 0.623
0.299 17 0.18 0.53 0.233
0.388 17 0.12 0.33 0.346
0.472 17 0.06 0.83 0.821
0.029 17 -0.15 0.88 0.486
0.412 17 0.33 0.43 0.002
0.048 17 0.0 0.13 0.207
0.044 16 -0.03 0.09 0.173
0.784 17 0.02 0.12 0.644
0.505 16 0.01 0.06 0.404

BCSs improved for most outcomes during simulation
2. BCSs’ visuospatial performance improved more
than healthy controls for two of the simulation out-
comes (out-of-lane time percentage and center line
crossings). BCSs performed as well as healthy controls
for accuracy on the n-back task but with slower pro-
cessing speed, as indicated by a moderate effect size.
BCSs’ improvement during the second simulation
may be because of practice effect and their ability to
compensate for increases in cognitive load. The small
drop in sample size from the original pilot study may
have affected the power to determine between-group
differences for pupillary response. The significant
within-group reduction in pupillary response during
the simultaneous driving simulation and n-back testing
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p?
0.056

0136
0.572
0.132
0.257
0.489
0.089
0.046
0.599
0.048
0.1

0.892

0.987

0.94

0.459
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may signal development of cognitive fatigue when the
cognitive load was increased.

Limitations and Strengths

Cross-sectional study design and small sample size
limit the generalization of findings. Participants were
tested with the visual form of the n-back task (o-, 1-,
and 2-back) during the parent study. Subsequent test-
ing with the auditory 2-back test may have induced
a practice effect. However, the minimum amount of
time between testing was six months, so a practice
effect on this neurocognitive test is unlikely.

The driving scenarios were developed specifically
to evaluate visuospatial ability and processing speed.
The authors used the addition of the n-back task to
escalate the cognitive demand (task difficulty) and
necessity for task switching. Given the improve-
ments noted between simulations 1 and 2 for the
BCS group, the level of difficulty of the driving sce-
narios may have been too simple for this population.
Development of more complex scenarios for future
studies will include additional auditory and visual
distractors (e.g., wind sounds, areas of fog, increased
ambient traffic), more unexpected events (e.g., ani-
mals crossing the highway), and additional tasks to
simultaneously complete while driving beyond main-
taining a consistent distance behind a lead vehicle
with varying speeds on relatively straight roads.

The authors noted minimal missing data. Missing
ICA data are attributed to individual differences in
eye blinks, saccadic eye movements, and head posi-
tion during scanning. The cutoff point of 50% for
inclusion in the analyses of any performance value is
conservative compared to other studies (Evans et al.,
2017; Hershman et al., 2018; Massar et al., 2018; Reddy
etal., 2018).

Implications for Nursing

These preliminary findings in combination with
previously published qualitative research support
oncology nurses opening and maintaining a dialogue
with BCSs regarding issues they may be experiencing
in their daily activities related to processing speed or
visuospatial ability, such as driving.

Conclusion

These study results provide preliminary evidence
for the use of driving simulation to enhance the neu-
rocognitive battery designed to measure cognitive
effort in BCSs. Measurement of pupillary response
during the driving simulation scenarios was
achieved, and no symptoms of simulator sickness
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m Driving simulation is acceptable and tolerable for breast cancer
survivors.

m Further study of pupillary response and complex driving simula-
tions are needed to demonstrate proof of concept in breast cancer
survivors.

m Breast cancersurvivors had higher levels ofimprovement in repeat
testing than healthy controls.

were exhibited. The results provide further evi-
dence for the impact of cancer and cancer therapy
on visuospatial ability that may translate to diffi-
culty with driving performance (as evidenced by
BCSs’ difficulty with collisions, speeding tickets,
and out-of-lane time during the driving simulation).
Further research is needed with more complex driv-
ing scenarios and a larger sample size to determine
the appropriate level of difficulty for driving simula-
tion to correlate with pupillary response in the BCS
population. The ability to detect the increased cog-
nitive effort necessary to compensate and function
at a normal level is key to the validation of cognitive
deficits in the BCS population. This information may
be helpful for identifying accommodations needed
to facilitate return to work. This validation also may
be helpful to improve survivors’ loved ones’ under-
standing of the phenomenon, particularly when
there is no outward sign of toxicity.
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