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Objective: (1) To assess mental workloads of intensive
care unit (ICU) nurses in 12-hour working shifts (days and
nights) using eye movement data; (2) to explore the impact of
stress on the ocular metrics of nurses performing patient care
in the ICU.

Background: Prior studies have employed workload
scoring systems or accelerometer data to assess ICU nurses’
workload. This is the first naturalistic attempt to explore
nurses’ mental workload using eye movement data.

Methods: Tobii Pro Glasses 2 eye-tracking and Empatica
E4 devices were used to collect eye movement and physio-
logical data from 15 nurses during 12-hour shifts (252 obser-
vation hours). We used mixed-effect models and an ordinal
regression model with a random effect to analyze the changes in
eye movement metrics during high stress episodes.

Results: While the cadence and characteristics of nurse
workload can vary between day shift and night shift, no sig-
nificant difference in eye movement values was detected.
However, eye movement metrics showed that the initial
handoff period of nursing shifts has a higher mental workload
compared with other times. Analysis of ocular metrics showed
that stress is positively associated with an increase in number of
eye fixations and gaze entropy, but negatively correlated with
the duration of saccades and pupil diameter.

Conclusion: Eye-tracking technology can be used to assess
the temporal variation of stress and associated changes with
mental workload in the ICU environment. A real-time system

could be developed for monitoring stress and workload for
intervention development.

Keywords: eye movements, naturalistic study, intensive care
unit, mental workload

High workload is one of the key job stressors
for intensive care unit (ICU) nurses (Malacrida
et al., 1991; Neill, 2011; Oates & Oates, 1996)
and is linked to burnout (Aiken et al., 2002),
increased patients’ length of stay (Amaravadi
et al., 2000), and higher mortality rates (Carayon
& Gürses, 2005; Cho et al., 2003; Kiekkas et al.,
2008; Tarnow-Mordi et al., 2000). Workload in
the context of the clinical care delivery in the
ICU setting includes both physically and cog-
nitively demanding work (Young et al., 2015).
Cognitive workload can be defined as demand
on human mental or attentional resources (Jeffri
& Awang Rambli, 2021). ICU nursing has been
associated with high cognitive workload. For
example, ICU nurses are exposed to frequent
alarms arising from the continuous physiologic
monitoring and care demands associated with
critically ill patients (Donchin & Seagull, 2002).
The frequent stimuli of physiologic alarms and
complex care coordination is concurrent with
performing critical reasoning with clinical deci-
sions tied to patient safety and outcomes (Higgs
et al., 2008; Stubbings et al., 2012). To make
informed decisions, high levels of situational
awareness are required to critically evaluate
evolving physical assessments, laboratory results,
medication administration, and care plans to
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deliver patient- and family-centered care
(Davidson et al., 2017), as well as to be re-
sponsive to fluctuating physiologic status and
needs (Endsley, 1995; Stubbings et al., 2012).

Situational awareness could be compromised
by cognitive overloading arising from the par-
allel activities and multifaceted demands of
patient care, including assembling patient care
supplies (e.g., wound care, suctioning equip-
ment; Koch et al., 2012); receiving communi-
cation from multiple sources (e.g., audio, written,
visual changes in patient condition) with sensitive
interpersonal communication between clinicians
and/or family members; real-time electronic
documentation requirements; and time-sensitive
interactions with complex technologies (e.g.,
infusion pump programming, ventilator settings).
To prevent reaching a “red zone” region, defined
as an unacceptable level of mental workload
when one is overloaded and cognitive demand
exceeds cognitive capacity (Pickup et al., 2005;
D. Yu et al., 2016), techniques for assessing ICU
nurses’ cognitive workload are required.

In prior nursing ICU studies, patient-based
approximations were used to evaluate workload,
including nurse-to-patient staffing ratios, patient
acuity measures, and/or workload scoring sys-
tems such as the Therapeutic Intervention
Scoring System-76 (TISS-76; Lee et al., 2017)
and Nursing Activities Score (NAS; Armstrong
et al., 2015; Debergh et al., 2012; Moghadam
et al., 2021; Nogueirade et al., 2014; Stafseth
et al., 2011), quantitatively derived from 76
therapeutic items and 22 nursing activities, re-
spectively. However, previous approximations
do not capture the temporal fluctuations of
workload within a patient care shift, and cannot
be distilled to assess workload specific to de-
manding events or periods (e.g., handoffs pe-
riods; Carayon & Gürses, 2005; Hoonakker
et al., 2011). In an alternative human factors
paradigm, instead of using patient character-
istics, workload is estimated from nurses’ per-
spective using subjective self-reported tools and
objective measures extracted from the auto-
nomic nervous system activity (Carayon &
Gürses, 2005; Hoonakker et al., 2011;
Wilbanks & McMullan, 2018) and could be
utilized to address this shortcoming. Self-
reported tools such as NASA-Task Load

Index (NASA-TLX) are easy to use, but their
applications are limited to perceived workload
(Byrne et al., 2010; Hoonakker et al., 2011) and
can be susceptible to response bias (Matthews
et al., 2015). In an effort to address the sub-
jectivity in workload assessment, patient con-
ditions have been uses to develop workload
scoring systems (Debergh et al., 2012; Moghadam
et al., 2021; Reis Miranda et al., 1996). For in-
stance, the APACHE II Score assess workload
based on patients’ conditions such as temperature,
metal arterial pressure, pH, PaO2, mmHg, and
Glasgow Coma Scale.

Objective measures have the potential of
temporal workload assessment based on docu-
mented correlations between cognitive load and
physiological responses. Of these responses, eye
movement metrics—fixational, saccadic, and
pupillary—could be used as unobtrusive
markers of cognitive load or mental stress with
implications for integration into the clinical
work environment (Skaramagkas et al., 2021).
Pupillary dilations have been shown to be rel-
evant to the levels of cognitive workload
(Castner et al., 2020; Hess & Polt, 1964; Hyönä
et al., 1995; Mandrick et al., 2016; Menekse
Dalveren & Cagiltay, 2018; Schulz et al., 2011;
Szulewski et al., 2015; Wu et al., 2020, 2021;
Zhang et al., 2017) with applications in real-time
workload monitoring (Appel et al., 2018,
2019). Fixation duration and frequency are
also sensitive to task-specific characteristics
(Chapman & Underwood, 1998; de Greef
et al., 2009; De Rivecourt et al., 2008; Foy
& Chapman, 2018; Marandi et al., 2018;
Recarte & Nunes, 2000; Schulz et al., 2011)
and associated with difficulties in information
processing (Ehmke & Wilson, 2007;
Holmqvist et al., 2011). Saccades—
combination of durations (Marandi et al.,
2018; Szewczyk et al., 2020) and frequency
(Kataoka et al., 2011; Szewczyk et al., 2020)—
are also markers of mental workload. Fur-
thermore, the randomness in the visual search—
via either entropy (a metric of fixation and gaze
points randomness; Di Stasi et al., 2016; Diaz-
Piedra et al., 2019; Harris et al., 1986; Tole et al.,
1982; Wu et al., 2020, 2021) or as nearest
neighbor index (NNI; a marker of fixation points
dispersion; Camilli et al., 2008; Di Nocera et al.,
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2006, 2007)—is associated with the mental
workload.

In the majority of eye-tracking studies in
healthcare settings, the application of eye
tracking technology was limited to simulated
settings to explore diagnostic visual search and
clinical decision making (Brunyé et al., 2019),
visual attention (Herrick et al., 2020; Hofmaenner
et al., 2021; Koh et al., 2011; Law et al., 2020;
Marquard et al., 2011; Weinberg et al., 2020),
skill assessments (Harezlak & Kasprowski, 2018;
Tien et al., 2014), or to perform cognitive task
analysis (Zehnder et al., 2021). Simulated settings
specific to healthcare have included the cognitive
workload of anesthetists (Schulz et al., 2011),
surgeons (Menekse Dalveren & Cagiltay, 2018;
Wu et al., 2020, 2021; Zhang et al., 2017), and
nurses (Kataoka et al., 2011). In naturalistic
studies of critical care nurses, eye tracking
technology was primarily used for audio and
video recording of ICU activities from nurses’
point of view, with retrospective analysis of 1–
3 hour segments to investigate visual attention
(Hofmaenner et al., 2021), to perform cognitive
task analysis (Zehnder et al., 2021), and to ex-
amine the impact of interruption on nursing ac-
tivities (Grundgeiger et al., 2010).

The majority of research conducted in this
domain is limited to interactions with specific
interfaces and isolated tasks. To the best of our
knowledge, no naturalistic study has been
conducted in ICUs to holistically assess nurses’
mental workload in a cognitively demanding
digitalized environment for the entire shift
consisting of combination of tasks using eye
movement metrics. The objective of this re-
search is to explore nurses’ workload during
patient care using fixational, saccadic, and pu-
pillary responses in the naturalistic setting of the
ICU. In addition, as part of a larger study, we
evaluated the eye movement metrics during
periods of elevated stress—which was defined
as physiological responses to life challenges that
trigger fight or flight responses (Acerbi et al.,
2017). While most prior literature on eye
movement metrics has examined the efficacy of
such measures for workload assessment, their
utility for stress measurement remains a research
gap. Characteristics of visual search under high
workload could be divergent from stressful

episodes when participants are anxious due to
usability problems of ICU devices or time
pressure; elevated mental workload could present
via narrowed visual attention and longer dura-
tions with a fewer number of fixations, while
stress manifests itself by shorter fixation duration,
a higher number of fixations (Holmqvist et al.,
2011) and more random visual search.

To address the gap in naturalistic evaluation
of nurses’ workload and its correlations with
stress, as grounded in previous studies (Debergh
et al., 2012; Moghadam et al., 2021; Reis
Miranda et al., 1996; Yu et al., 2020)—which
reported a higher workload of nurses in the day
and evening shifts (7 a.m. – 11 p.m.) compared
to night shifts (11 p.m. – 7 a.m.) and higher
levels of physical activity in 12-hour day shifts
than night shifts (F. Yu et al., 2020)—we tested
the following hypotheses:

Hypothesis 1: Changes of ocular metrics cor-
relate with higher mental workload of nurses in
day shift compared to night shift nurses.

Hypothesis 2: Changes of ocular metrics in-
dicate higher mental workload at the start of
shifts than middle and end of shifts.

Hypothesis 3: Changes of ocular metrics such
as fixational metrics, randomness in visual
search (e.g., entropy), and pupil diameter are
indicative of acute stress.

METHOD

The research was approved by the Houston
Methodist Research Institute Institutional Re-
view Board (Pro00019025), including the im-
plementation of special ethical considerations
specific to eye tracking technology in the ICU
work environment (Larsen et al., 2020).

Participants and Setting

A convenience sample of 21 registered
nurses were recruited from a 40-bed cardio-
vascular intensive care unit at Houston Meth-
odist Hospital, a large metropolitan tertiary care
hospital in Southeastern Texas. The 12-hour
shifts began from 7:00 p.m./7:00 a.m. to 7:00
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a.m./7:00 p.m. and the first and last hours of
shifts were considered as handoff periods.
While the eye tracking data from all 21 par-
ticipants were used for comparison of work-
loads between day and night shifts, complete
data—one 12-hour shift per participant—from
both the physiologic and eye-tracking sensors
was only available for 15 nurse participants,
representing approximately 180 observation
hours. Demographic information is presented
in Table 1.

Procedure

After obtaining written informed consent and
within the first 10 min of the work shift, the
study administrator equipped participants with
two wearable technologies: (a) Empatica E4—
a wristband technology (which was worn on
the self-reported non-dominant hand) with
electrodermal activity, skin temperature,
photoplethysmography, and accelerometer
sensors that captured heart rate at 32 Hz; and
(b) the Tobii Pro Glasses 2—a head-mounted
eye tracking device that is equipped with one
microphone and four cameras to reliably track
subjects’ eye movements. The data collection
began by calibrating the eye-tracker and
proceeded throughout the 12-hour nursing
shifts; the study administrator was on-site to
change the eye-trackers’ batteries, recalibrate
the eye tracking device, address technical
troubleshooting, and administer end-of-shift
surveys.

Analysis

The captured eye movements data (at 50 Hz)
were exported to Tobii Pro Lab for detection of
eye movement elements using a velocity-
threshold identification fixation filter. A py-
thon script processed Tobii Pro Lab’s generated
files and one-minute intervals were used for
analysis to align with the stress data that used the
same timeframe. To measure physical and
cognitive stress, the interbeat interval (IBI) data
from the Empatica device was used to compute
the Baevsky Stress Index (Baevsky &
Berseneva, 2008) for each minute. Low, nor-
mal, and high-stress zones that represent stress
intensities were defined based on values of the
Baevsky stress index (Baevsky & Berseneva,
2008) where stress index between 80 and 150
was considered normal. Physiological stress
correlations with the Empatica on this pop-
ulation and a semi-overlapping dataset are re-
ported elsewhere (Ahmadi et al., 2022). Nurses’
mental workload was estimated based on in-
dustry standards of correlations between cognitive
load and ocular metrics: pupil diameter, fixation
duration, number of fixations, saccade duration,
number of saccades, entropy, and NNI. Visual
entropy (in bits) was measured per Shannon en-
tropy (Shannon, 1948; Wu et al., 2020) and NNI
was computed in accordance with the Di Nocera
et al. (2006) method. All eye movement metrics
were measured for each minute of data.

Cognitive Workload at Handoff Periods
and Mid-shifts. For hypotheses 1 and 2, the

TABLE 1: Demographic information of study participants

Demographic Information
Eye movement data,
n = 21

Physiologic + Eye movements
data, n = 15

Gender, n (%)
Male 4 (19%) 3 (20%)
Female 17 (81%) 12 (80%)

Age, years (mean ± std. Dev.) 34.1 ± 7.6 35.1 ± 8.2
Shift, n (%)
Day shift 14 (67%) 10 (67%)
Night shift 7 (33%) 5 (33%)

ICU experience, years (mean ± std. Dev.) 7.5 ± 6.7 8.7 ± 7.4

Note. ICU = Intensive Care Unit.
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impacts of working shifts (day and night),
handoff periods (first and last hour of shifts),
and mid-shifts (1 hour of mid-shifts) on eye
movement metrics were estimated through
mixed effect models. One model was de-
veloped for each eye movement metric where
the response variable was an eye movement,
the fixed effects were either working shifts,
handoff periods, or mid-shift, and the random
effect was research participants. The effect
size was calculated using Cohen’s d, and the
Tukey post hoc test of mixed effect models
was used to find differences between eye
movements measures in different working
shifts and handoff periods.

Correlation Between Stress and Eye
Movement Metrics. For hypothesis 3, an or-
dinal regression model with a random effect was
used (Cumulative Link Mixed Models) to
identify correlations between eye movement
metrics with stress levels which were defined as
the response variable with three levels: low,
normal, and high stress. The eye metrics and
their interactions with shifts were represented
as fixed variables in the model. This model
also included a random effect which was re-
search participants. To find the optimal subset
of independent variables included in the
model, the stepwise regression algorithm was
performed; the Akaike information criterion
was used as a criterion for forward stepwise
selection to determine the optimal subset of
variables. As for the effect of each identified
fixed variable, the odds ratio was calculated,
which measures changes in odds of stress level
for a unit increase in a predictor while holding
constant all other variables included in the
model.

RESULTS

Working Shift and Handoff Period
versus Eye-tracking

The average of eye movement values in the
day shift were compared with the night shift
(hypothesis #1), but no significant difference
was found between the shifts (all p-values >
0.05) as eye movements metrics were not

significantly different among day and night shift
nurses. The analysis of eye movement data
showed that all eye movement metrics were
significantly higher (p-values < 0.05) at the end
of working shifts compared to the start of shifts
(hypothesis #2). All eye movement metrics
suggested the beginning of the shifts were more
demanding than the end of shifts except pupil
diameter. Similar results were obtained when the
start of shifts was compared to the middle of
shifts (hypothesis #2); all eye movement metrics
except pupil diameter were significantly higher
at the middle of shifts compared to the start of
shifts. The results of mixed effect models are
summarized in Table 2. The outcomes of av-
eraged fixation duration and entropy were ex-
cluded, as those metrics did not satisfy the
normality assumption of the model and failed to
pass the Shapiro–Wilk test. The pupil diameter
was transferred to log form to ensure the vali-
dation of normality assumption of the model.

Stress and Eye Movement Metrics

Table 3 presents the results of the cumulative
link mixed-model analysis carried out using
identified optimal subset eye tracking metrics to
assess association with different levels of stress.
The optimal subset of independent variables that
were identified by the stepwise regression al-
gorithm includes: shift, pupil diameter, averaged
duration of saccades, number of fixations,
number of saccades, NNI, fixation duration,
and entropy. There were no interaction terms
identified by the algorithm. In Table 3, the
positive coefficients indicated that as the
number of fixations (p < 0.001) and entropy
(p = 0.01) increased, nurses were more likely
experiencing higher stress levels (hypothesis
#3). In contrast, the pupil diameter (p < 0.001)
and duration of saccades (p < 0.001) were
significantly decreased as participants’ stress
index increased. Moreover, the shift was found
to be correlated with stress level with a p-value
less than 0.001; in particular, the night shift is
associated with increased stress which has the
largest effect size with an odds ratio of 3.8,
indicating that the odds of being stressful is
multiplied 3.8 times in the night shifts com-
pared to day shifts.
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DISCUSSION

We studied ocular metrics (number of fix-
ations, duration of fixations, number of sac-
cades, duration of saccades, entropy, NNI, and
pupil diameter) to estimate changes in critical
care nurses’ mental workload during 12-hour
day and night shifts as well as handoff periods
based on the documented correlations between
eye movements and cognitive load in a natu-
ralistic study.

Mental Workload of Day Shift Nurses
versus Night Shift Nurses (Hypothesis #1)

The results of mixed effect models showed no
significant difference between day shifts and
night shifts in terms of eye movement metrics; it
indicates that overall mental workload during
the 12-hour day and night shifts were roughly
equivalent, in contrast with some previous work
suggesting that day and evening shift nurses
experience a higher workload compared to 8-
hour night shift nurses (Debergh et al., 2012;
Moghadam et al., 2021; F. Yu et al., 2020; see
also Reis Miranda et al., 1996). A potential
reason for such divergence is differences asso-
ciated with the methods used for workload
measurement, including comparisons between
8-hour shifts of days/evenings (7 a.m. – 11 p.m.)
and nights (11 p.m. – 7 a.m.) that vary from 12-
hour shifts predominant in the United States (7
a.m. – 7 p.m., 7 p.m. – 7 a.m.). When workload
was estimated using workload scoring systems,
both physical and cognitive tasks are included.

For example, Debergh et al. (2012) used NAS to
estimate nurses’ workload based on 23 nursing
activities, including positioning patients, medi-
cation administration, family communication,
and specific procedural interventions such as
nurse workload to support endotracheal in-
tubation (Miranda et al., 2003). Results of such
workload measures could be misleading when
estimating the mental workload of nurses since
a task’s level of demand depend on skill-, rule-,
and/or knowledge-based components
(Rasmussen, 1983). Skill- (e.g., routine tasks) and
rule-based tasks are governed by structured
patterns of thoughts and deterministic rules.
Conversely, knowledge-based tasks require an-
alytical processes, reasoning, and novel solutions
which make tasks more demanding (Armitage,
2009; Henneman et al., 2010). Instead, NAS and
other similar methods use time-on-task or cate-
gorize task difficulty without accounting for
different levels of experience and expertise.
Similarly, studies that reported higher physical
intensity (F. Yu et al., 2020), energy expenditure,
and numbers of steps (Kwiecień-Jaguś et al.,
2019) in day shifts than night shifts measured
only physical demand and activity classifications
(e.g., standing, sitting).

The inherent uncertainty in ICU activities and
processes entail that nursing workload could
fluctuate within the 12-hour ICU shifts and re-
gardless of the time of day or night due to the
dynamic demands of patient admissions and
discharges (Nogueira et al., 2014; Romano et al.,
2019), ICU occupancy (Kim et al., 2017),

Table 3: Summary of cumulative link mixed model of the stress level response variable

Independent Variables Coeff (Std. Err) p-value Odds Ratio

Shift 1.35 (0.11) <0.01 3.80
Pupil diameter �0.46 (0.04) <0.01 0.62
Averaged DS �0.34 (0.03) <0.01 0.70
Number of fixations 0.18 (0.03) <0.01 1.19
Entropy 0.13 (0.05) <0.01 1.14
Number of saccades �0.06 (0.07) 0.22 0.87
NNI 0.04 (0.18) 0.17 1.04
Averaged DF �0.03 (0.049) 0.54 0.97

Note. DF = duration of fixations; DS = duration of saccades; PD = pupil diameter; NF = number of fixations; NNI =
nearest neighbor index; NS = number of saccades.
Gray cells indicate statistical significance. Log-likelihood �3594, AIC = 7212.
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fluctuating patient acuity (Padilha et al., 2008),
therapeutic interventions (Romano et al., 2019),
and the organization-specific cadence of routine
nursing activities (Romano et al., 2019); these
variables are common among day and night ICU
shifts. The said factors have similar impacts on
the workload of the day and night shifts and
should be considered in the workload assessment.

Mental Workload at Start versus End of
shifts and Mid-shifts (Hypothesis #2)

Per hypothesis #2, higher mental workload at
the start of shifts (of incoming nurses) compared
to the end of shifts (of outgoing nurses) at
handoff periods was predicted. A handoff pe-
riod occurs at shift change and is characterized
by transition of authority, responsibility, and
information from an outgoing nurse (at end of
shift) to an incoming nurse (at start of shift;
Friesen et al., 2008). During shift change,
a considerable amount of information is com-
municated to the incoming nurses including
patients’ information and care plan. The
handoff communication period is approxi-
mately 30 min. Intaking information raises the
incoming nurses’ cognitive load and sub-
sequently affects eye movements, attributable
to dynamic reviews of the electronic health
record, patient assessments, and equipment
inspections.

In this study, nurses had a lower frequency of
fixations and saccades, and a shorter duration of
saccades at the start-of-shift handoff period
compared to the end- or middle-of-shifts. Pre-
vious studies that examined correlations between
fixational and saccadic metrics with mental
workload reported mixed results (Table 4); these
metrics are indicative of operators’ visual search
(e.g., drivers, pilots, clinicians) and reflect their
visual search strategies.

For example, in some cases, drivers must
scan right or left to receive information; simi-
larly, pilots in emergency flight scenarios ex-
plore the flight environment to detect faulty
equipment. In other words, scanning patterns
differ under time pressure which subsequently
could reverse the direction of change in fixa-
tional and saccadic eye movements in de-
manding situations. For example, in demanding
situations, drivers (Yang et al., 2012) and har-
vester operators (Szewczyk et al., 2020) had
a higher number of saccades, while another
study reported a reduction in saccade rate under
elevated workload (Nakayama et al., 2002).

The outcomes of this study are aligned with
the latter study (Nakayama et al., 2002). Our
results are also in line with Kataoka et al. (2011)
who reported a reduction in number of saccades
while programming an infusion pump under
time pressure (elevated mental workload), and
with a study that examined the reliability of

TABLE 4: Summary of changes in ocular metrics under elevated mental workload

Ocular metrics Correlation with an elevated workload

Pupil diameter : (Lohani et al., 2019; Marquart et al., 2015; Wu et al., 2020)
Duration of
saccades

▼ (Marandi et al., 2018; Szewczyk et al., 2020)

Number of
fixations

: (Szewczyk et al., 2020), ▼(Marandi et al., 2018)

Entropy Depending on the events and objectives of operators
▼ (Diaz-Piedra et al., 2019; Harris et al., 1982), : (Wu et al., 2020)

Number of
saccades

: (Szewczyk et al., 2020), ▼ (Kataoka et al., 2011; Marandi et al., 2018; Nakayama
et al., 2002)

NNI : (Di Nocera et al., 2006, 2007)
Duration of
fixations

: (Kataoka et al., 2011; Marandi et al., 2018; Marquart et al., 2015), ▼ (De Rivecourt
et al., 2008)

Note. NNI = Nearest Neighbor Index.
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ocular metrics for cognitive workload in which
elevated mental load reduced saccade duration
and increased fixation duration in young (21–
42 years old) and older (51–70 years old) par-
ticipants, but the saccade frequency went down
only in the young participants (Marandi et al.,
2018). Researchers reported mixed outcomes
when studying fixation duration and mental
workload as well; while a decrease in fixation
duration was noticed in simulated instrument
flight (De Rivecourt et al., 2008), this was not
the case for driving studies (Marquart et al.,
2015). Higher fixation duration indicates that
more time is needed for information processing.
NNI—a measure of randomness in visual
search—may decrease or increase when cog-
nitive load rises. The direction of change de-
pends on the visual search which could become
more random (higher NNI) or stereotyped
(lower NNI) when mental workload rise
(Camilli et al., 2008; Di Nocera et al., 2006; Di;
Diaz-Piedra et al., 2019; Di Stasi et al., 2016;
Harris et al., 1982; Wu et al., 2020). In most
cases, a positive correlation between NNI (Di
Nocera et al., 2006, 2007), as well as gaze en-
tropy (Di Stasi et al., 2016; Wu et al., 2020) with
the workload, was reported. In this study, NNI
was lower at the start of shifts than middle and
end of shifts. We believe that results follow the
interpretation of Harris et al. on the effect of
mental workload on visual search (Harris et al.,
1982). Nurses at the start of shifts narrowed
visual attention instead of exploring the visual
environment to manage workload; once the
mental workload of shift handoff concluded
(mid-shifts and end of shifts), nurses used more
time to visually assess the physical environment.
This means that NNI decreases by increasing
mental workload.

In this naturalistic study, pupil diameter had
an upward trend during entire shifts. Nurses’
pupil diameter was significantly greater at the
end of shifts than at the start and middle of shifts.
We did not anticipate this trend as pupil diameter
is positively correlated with the mental work-
load. This metric is modulated by the autonomic
nervous system and it contracts or dilates under
different conditions including cognitive work-
load, emotional arousal, stress, sleepiness,
changes in the level of illumination or caffeine

intake (Abokyi et al., 2017; Skaramagkas et al.,
2021). Sleepiness, which is negatively corre-
lated with pupil diameter (Daguet et al., 2019),
gradually increases during working shifts
(Geiger-Brown et al., 2012) and nurses deploy
coping strategies to maintain their alertness
during shifts. Some activities, such as drinking
coffee (Pélissier et al., 2020), could increase
pupil dilation for up to 90 min (Abokyi et al.,
2017). A prior study reported that pupil diameter
does not reflect overall workload comparison
between periods with different levels of mental
workload (Schulz et al., 2011). In the current
study, the computed eye movement metrics of
12-hour shifts were analyzed when day and
night shifts workload were examined. For
handoff periods, an hour of eye movements at
the start shifts was compared with an hour of
mid-shifts and end shifts. The significant dif-
ference between NNI, number of fixations,
number of saccades, and duration of saccades in
handoff periods could be indicative of the po-
tential of fixational and saccadic metrics in
naturalistic workload assessment.

Correlation between Stress and ICU
Nurses’ Eye Movements (Hypothesis #3)

Our findings revealed that the number of
fixations and gaze entropy are positively asso-
ciated with higher stress levels. According to
attentional control theory, anxiety adversely
affects a person’s ability to focus and tune out
distractions, which results in reduced efficiency
and performance (Caviola et al., 2017). In other
words, fixation instability increased the ten-
dency to explore the surrounding environment
and to look at different stimuli which increased
the number of fixations as well as visual en-
tropy (randomness in visual search). Our results
on the number of fixations and entropy are
consistent with the anticipated effect of stress
on nurses’ eye movements. NNI is similar to
entropy and increases when the visual search
becomes more random, but we found a positive
non-significant correlation between stress and
NNI. This could be associated with the metric’s
degree of sensitivity to acute stress; further
investigation is needed to explore the un-
derlying reasons.
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We did not expect pupil diameter to decrease
with higher levels of stress; this could be as-
sociated with specific stressful activities that
were performed in rooms with a lower level of
lights such as checking patients in dark rooms in
night shifts. Furthermore, results show that
stress reduced the number and duration of
saccades which could be linked with more
transitions from fixation to another fixation.
Work is in progress to analyze the eye tracking
videos to shed light on activities that were linked
with high levels of stress in night shifts.

Limitations

While this study addresses a gap in in-
vestigating workload and stress using eye
movement, several confounding factors might
have affected physiological responses of nurses
in the uncontrolled naturalistic ICU environ-
ment, including individual differences, vari-
ability in clinical expertise, or the sequence of
nursing activities. First, nurses might apply
different coping strategies to deal with stress and
cognitive workload (Hancock & Matthews,
2019). This may change the intensity and sen-
sitivity of physiological responses. For example,
experts are better at managing cognitive load
and have a lower workload compared to novices
(Castner et al., 2020; Szulewski et al., 2015;
Harris et al., 1982) which leads to different
visual search patterns. Second, the hysteretic
effect on the cognitive workload of nurses: it is
known that performing back-to-back tasks with
different levels of difficulties could affect the
perception of the cognitive work of participants
(Hancock & Matthews, 2019); experienced
nurses may follow specific orders of tasks as
a coping strategy to manage stress. Different
types of cognitive workload such as time
pressure and dual-tasking could induce different
visual search behavior (Kataoka et al., 2011);
night shift and day shift could be different in this
regard. Also, nurse roles vary (e.g., floor nurse,
float nurse, and nurse manager) with different
levels of activities, experience, workloads, and
stressors that should be included in the workload
assessment. Third, given the lack of previous
similar studies, a power calculation was not
possible. Despite the importance of this

limitation, conducting naturalistic studies with
eye tracking equipment that is somewhat in-
trusive to cover the entire shift proposes serious
challenges (e.g., changing batteries may in-
troduce interruptions to nursing tasks, wear-
ability issues for long-duration studies) and
reduces willingness to participate. Fourth, we
did not measure the amount of lighting during
different shifts. To filter out the effect of light as
an extraneous variable on the pupil diameter,
metrics such as the Index of Cognitive Activity
(ICA) could be employed in future research
(Matthews et al., 2015). Finally, our study does
not report consensus between eye movement
measures for workload or stress with qualitative
or self-reported instruments due to the lack of
those outcomes. Studies of convergent validity of
such metrics compared to self-reported (or per-
ceived) measures of workload and stress are
warranted to contribute to setting ocular metrics
threshold for workload and stress measurements
in clinicians.

Future studiesmay employ a quasi-experimental
design to control for some of these potentially
confounding variables. Furthermore, a combina-
tion of eye movement-based workload assess-
ment and qualitative approach would help
researchers to identify specific nursing activities,
ICU events, or ICU technologies that elicit a high
level of cognitive load; to do that, one or more
nurse researchers should annotate recorded vid-
eos using special software (e.g., ELAN) based on
a validated system such as nursing activities score
(NAS) to (1) pinpoint nursing activities bases on
one of 23 items of NAS, (2) tag employed ICU
technologies, and (3) mark ICU events such as
end-of-life events or code blue; then, that rich
dataset could be utilized for further quantitative
and qualitative analyses. Using these approaches,
the correlation of NAS classification of activities
such as medication administration, monitoring
and titration, and employed technologies could be
assessed with nurses’ cognitive load. The out-
come will be useful to modify ICU nursing
workflow or to detect usability problems of ICU
technologies. Interviewing nurses as a comple-
mentary method will be beneficial to receive
feedback from nurses. The explained approach
will address one of the limitations of the current
study that did not explore the impact of specific
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nursing activities or ICU events on nurses’
cognitive load.

CONCLUSION

Eye tracking research has shown promise in
estimating workload in simulated settings but
the efficacy of this method in complex and
dynamic clinical work environments (e.g., ICU)
is a general research gap. A naturalistic study
was conducted to evaluate ICU nurses’ work-
load using ocular metrics to investigate cor-
relations with stress. Our findings suggest that
while workload did not differ between day and
night shifts, the start of shifts resulted in
significantly higher mental workload meas-
ures compared to middle and end of the shift.
In addition, several eye movement metrics
showed strong correlations with stress (mea-
sured in accordance with Baevsky’s stress
index) which may provide preliminary evi-
dence supporting the usage of eye tracking to
measure stress.

This study offers data-based insights into the
variability of workload during nursing shifts and
contributes to equivalence in aggregated work-
loads when comparing day shifts and night shifts.
These findings can help nurse leaders quantify the
complexity of care demands to estimate staffing
needs, contribute to patient safety, and support the
nurse workforce. In the future, temporal trends
in workload could be detected by eye-tracking
devices and communicated in real-time to nurse
leaders to address complex care delivery needs
for critically-ill patients. However, more work is
warranted to evaluate the accuracy and validity
of eye movement measures in measuring
workload and stress.
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KEY POINTS

· The cumulative mental workload of critical care
nurses using ocular metrics is roughly equivalent
between day and night shifts; however, stress
index was higher during the night shift.

· Nurses experience a higher level of mental
workload during the start of shift handoff period
compared with mid-shift and the end of shifts.

· Number of fixations and entropy positively cor-
relate with the stress index while duration of
saccades and pupil diameter negatively correlate
with the stress index.
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