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Abstract

As health IT has become overloaded with patient information, provider burnout and stress has accelerated. Studies
have shown that EHR usage leads to heightened cognitive workload for nurses, and increases in cognitive workload
can result in stronger feelings of exhaustion and burnout. We conducted a time motion study in an oncology division
to examine the relationships between nurses’ perceived workload, stress measured by blood pulse wave (BPw), and
their time spent on nursing activities, and to identify stress associated with EHR use. We had a total of 33 observations
from 7 nurses. We found that EHR-related stress is associated with nurses’ perceived physical demand and frustration.
We also found that nurses’ perceived workload is a strong predictor of nurses’ stress as well as how they spent time
with their patients. They also experienced higher perceived mental demand, physical demand, and temporal demand
when they were assigned to more patients, regardless of patient acuity. Our study presents a unique data triangulation
approach from continuous stress monitoring, perceived workload, and a time motion study.

Introduction

Numerous health information technologies (ITs) have been implemented in hospitals, and influence patient care,
nursing activities, and turnover time and volume.* There is a growing body of literature describing nurses’ work using
observational studies.>1? Several variables have been identified to affect nurses’ activities. For example, patient care
time and quality is significantly correlated to nurse staffing and patient acuity.*'4 Patient acuity helps nurse managers
determine levels of patient care, staffing, nurse-patient assignment, and the cost of care.’® In addition, the differences
in the working pattern among nurses have also been noted.>!® Nurses’ perceived workload is significantly correlated
to the amount of work that could have been delegated but was not, nurse-patient ratio, and the amount of
documentation.” However, although evidence has shown the impact of these variables, only one study has controlled
for these potential confounders to assess nurses’ time allocation on nursing activities.'®

In addition, as health IT has become overloaded with patient information, provider burnout and stress has
accelerated.!®2° While the amount of literature investigating physician burnout from EHR usage is robust, limited
research has explored EHR burnout among nurses. However, studies have shown that EHR usage leads to heightened
cognitive workload for nurses, and increases in cognitive workload can result in stronger feelings of exhaustion and
burnout.?*?? Similarly, Gregory and colleagues found that nurses’ and physicians’ perception of having insufficient
time to complete tasks related to alerts in the EHR was a significant predictor of cognitive weariness, a subscale of
burnout in the disseminated questionnaire.?® One other study conducted a survey with advanced practice registered
nurses exploring the association between EHR related stress and burnout.?* More than half of the respondents reported
that the EHR added frustration to their day, and insufficient time for documentation in the EHR was commonly
reported as well. After adjusting for demographics and practice characteristics, researchers found that EHR frustration
and insufficient documentation time were both significant predictors of burnout among nurses. In another survey, 61%
of nursing personnel reported feeling heightened frustration when using their respective EHR systems.?®> While the
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existing evidence discussed suggests that EHR usage leads to burnout among nurses, further investigation must be
done in order to properly characterize the association in order to facilitate solutions.

We conducted a time motion study to observe and record nursing activities during their working day shifts between
7am to 7pm. In a prior study, we reported our design and approaches to collect and visualize nursing workflow in
three activity dimensions: communication, hands-on tasks and location.?%2” Communication represents whom nurses
are interacting with; hands-on tasks represent tasks nurses are physically performing (i.e. preparing medication); and
location represents where nursing activities take place. We explored these three activity dimensions across the
continuum of time to understand multitasking and task switching in nursing practice.?®?” We also controlled the
distribution of observation time by splitting the 12-hour nursing day shift into three time blocks: 7am-11am, 11am-
3pm, and 3pm-7pm. Our novel approach explores the three activity dimensions, across the continuum of time, to
understand the phenomena of multitasking in nursing practice. 262%-3! The study found that nurses multitasked (having
communication and hands-on tasks simultaneously) 39.48% of all times. The study design and methods also
demonstrated a practical and reliable approach to conducting and analyzing time motion studies.?6:%”

In this paper, we present a new time motion study in an oncology division with the same study design as the previous
study,?%27 but included additional variables to investigate factors affecting nursing practice, such as staffing, patient
acuity, nurses’ perceived workload, and their physiological response to stress, blood pulse wave (BPw). BPw is
described as the pulse wave that travels through the circulatory system when the heart contracts and blood is ejected.
BPw is related to cardiac demands,®? which represents an elevated or aroused physiological state and is correlated
with potential psychological or emotional stressors.3? There are few studies about BPw and its relation to stress, but
literature regarding pulse wave velocity (PWV) is flourishing. The definition of PWV is comparable to that of BPw,
as it is the velocity of the arterial pulse that propagates through the circulatory system.3 PWV is used clinically as a
measure of arterial stiffness, and is determined by measuring the time it takes a pulse wave to travel a given distance
among the blood vessel.3*3% A number of studies have discovered associations between mental stress and both PWV
and arterial stiffness due to the contribution of stress to increased blood pressure and risk for hypertension.36-40
Specifically, acute mental stress has been found to lead to significantly sustained increases in PWV, %6373 and
individuals suffering from chronic stress are more likely to have greater, prolonged PWV values.*® The evidence
suggests the similarity of BPw and PWV, and that BPw or PWV, can serve as an adequate measure of psychological
stress. In this study, we used a commercial device capable of continuously measuring BPw.

The purposes of the study were to examine the relationships between nurses’ perceived workload, stress measured by
BPw, and their time spent on nursing activities. We were especially interested in identify stress associated with EHR
use. To our knowledge, we were the first study integrating data sources from nurses’ perceived workload, BPw, and
a time motion study.

Methods
Setting and Sample

The time motion study was conducted in an oncology division at a mid-west academic medical center. We recruited
registered nurses who worked in the observed unit. We observed nurses in the general patient care and adjacent areas
such as the nursing station, hallway, medication/supply room, and patient rooms. In this unit, nurse-patient ratios
ranged from 1:3 to 1:4.

Observed nursing activities

We observed nursing activities, such as hand-off (shift reporting), direct patient care (patient assessment, medication
administration, procedures), indirect patient care (medication preparation, obtaining medication), interprofessional
communication, and EHR review and charting. Due to patient safety and the difficulty of observing nurses in patient
isolation rooms, we did not document nurses’ hands-on tasks and communication in these rooms. The observable
nursing activities list was refined iteratively with the division’s clinical leadership and research team, and finalized
during the training and trial observations. In total, we defined 16 types of communication, 35 hands-on tasks, and 23
locations. A list of example activities with definitions and start-end times can be found in our prior publication.?

We used TimeCaT,* a validated electronic time capture tool developed to support data collection for time motion
studies, optimized for touch enabled tablet computers and iPads. Observers document nursing activities in TimeCaT
when they shadow nurses.*! In TimeCaT, we were also able to visualize workflow and explore the location where
nursing activities occurred. The data collected in TimeCaT allowed us to portray nurses’ work: with whom the nurse
was speaking (communication), while doing what (hands-on task), and at what location.?
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Observers & Inter-observer reliability assessment (IORA)

Our observers were three undergraduate senior nursing students. Observers were required to attend training sessions
and trial observations for at least 12 hours. We established the inter-observer reliability via the IORA feature provided
in TimeCaT.* The IORA in TimeCaT considers four types of agreements: 1) proportion-kappa (P-K): evaluates the
naming agreement on virtually created one-second activity, based on the Kappa statistic. P-K provides a global
assessment of the agreement over time; 2) naming-kappa (N-K): a systematic pairing approach based on time-overlap,
and provides a Kappa statistic representing the agreement on activity naming; 3) duration-concordance correlation
coefficient (D-CCC): agreement on the duration of an activity.? We ensured that the IORA results indicated consistent
agreement between our observers before the data collection (Table 1).

Table 1. Inter-observer reliability assessment

Communication Hands-On Task Location
P-K N-K D-CCC S-NW | P-K N-K D-CCC | S-NW | P-K N-K D-CCC | S-NW
IORA 93.34% | 75.21% | 0.905P 0.76 92.76% | 80.43% | 0.944p | 0.85 97.66% | 83.58% | 0.994p | 0.86
S1vsS2 | 0.88K 0.63 K 0.9K 0.75K 0.97K 0.78K
IORA2 93.23% | 75.68% | 0.942p 0.84 90.7% 73.77% | 0.947p 0.78 94.17% | 79.78% | 0.996 0.82
S2vs S3 | 0.86K 0.68K 0.86K 0.69K 0.93K 0.73K

P-K= proportion-kappa; N-K= naming-kappa; D-CCC= duration-concordance correlation coefficient; S-NW= Sequence-Needleman-Wunsch
Data Collection

No identifiable information or health records were collected. A typical 12-hour nursing day shift was split into three
time blocks: 7am-11am, 11am-3pm, and 3pm-7pm. The 4-hour observation time block minimized the chance of un-
balanced data if a 12-hour day shift happened to have a heavy or light workload, and also prevented observer fatigue.
Each 4-hour observation was a one-on-one observation: one observer shadowed one nurse. Observers maintained a
certain distance from the observed nurse during the observation, and were not allowed to interact with the observed
nurse in order to collect data reflecting true time duration and context. After approval from the local Institutional
Review Board, observers obtained informed consent from the observed nurse as well as permission from patients to
observe their care.

Stress: We measured BPw as the indication of the nurse’s stress level.3? We used a wearable device on the upper arm
of the nurse to continuously measure BPw. The device has been used for monitoring chronic stress and assessment of
patients’ mental stress. During the time motion study observations, we provided the wearable BPw measure, developed
by Biovotion, to the observed nurse. The wearable device at the upper arm measures biometric signals continuously
with timestamps, including BPw. Biovotion has been used for monitoring chronic stress*? and assessment of patients’
mental stress.*® For each 4-hour observation, the continuous stress (BPw) data were collected and integrated with the
time motion study data.

Perceived workload: At the end of each observation, we asked the observed nurse to fill out the NASA task-load index
(TLX), which is widely used to assess perceived workload. The NASA-TLX consists of 6 questions:* 1) Mental
Demand: How much mental and perceptual activity was required?; 2) Physical Demand: How much physical activity
was required?; 3) Temporal Demand: How much time pressure did you feel due to the pace at which the tasks or task
elements occurred?; 4) Performance: How successful were you in performing the task?; 5) Effort: How hard did you
have to work (mentally and physically) to accomplish your level of performance?; and 6) Frustration: How irritated,
stressed, and annoyed versus content, relaxed, and complacent did you feel during the task? Nurses rated their
perceived workload from O (very low) to 100 (very high).

Staffing: We collected staffing data for each observation including nurse-patient ratio, patient type (primary, non-
primary, or in isolation), number of consecutive days worked, number of discharges by the observed nurse, and patient
acuity. We assessed patient acuity based on an adapted AcuityPlus, which is a patient classification methodology
developed by the QuadraMed Corporation.* It has been used to determine the acuity and the type of care needed for
each patient, such as communication and cognitive support, safety management, activities of daily living, etc.
AcuityPlus has been validated by several studies.*®*” Based off of the acuity and care, each patient then was assigned
a numerical acuity score. The acuity score ranged from 15 (lowest acuity) to 43 (highest acuity).

Nurses’ demographics: We also collected nurses’ age, education, gender, and years of working experience.
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Data Analysis

We performed descriptive analysis to summarize nurses’ time spent and stress on nursing activities in communication,
hands-on tasks, and locations. We used one-way ANOV A with post hoc analysis and Bonferroni correction to examine
group differences, and paired t-test to compare two variables as repeated measures in every observation. We performed
the linear mixed effects model to examine factors affecting outcome variables and account for correlation of repeated
observations from the same nurse. All statistical analyses were two-sided at significance level 0.05 and conducted in
SAS 9.4 and IBM SPSS 25.0.

Results

We completed a total of 33 observations (132 hours) with 7 registered nurses from May 2018 to February 2019. We
also conducted a post-hoc analysis and found that our sample size has an 80% power to detect an effect size of 0.6
with linear mixed effects model at significance level 0.05. This was calculated based on a two-sided Wald test of
regression coefficients in linear mixed effects model adjusting for design effect and correlation of repeated measures
from the same nurse. From the seven nurses, six nurses had three to six observations; one nurse had one observation;
4.41 observations on average. Among the 33 observations, nine were on Monday, 1 on Tuesday, 6 on Wednesday, 5
on Thursday, 9 on Friday, 0 on Saturday, and 3 on Sunday; 11 were 7am-11am, 10 were 11am-3pm, and 12 were
3pm-7pm. Participating nurses have a mean age of 30, with 3.18 years of working experience on average. One male
nurse participated, and all nurses have a bachelor’s degree. Table 2 summarizes the demographics, staffing, and nurses’
perceived workload, stress by BPw, and time spent in patient rooms per 4-hour observation.

Before compositing patients’ acuity scores for a single observation (nurse patient ratios ranged from 1:3 to 1:4), we
examined whether nurses’ time spent in the patient room was being influenced by patient acuity or patient types:
primary patient (P), non-primary patient (NP), and in isolation (1SO). One-way ANOVA showed that there were no
differences of nurses’ time spent in a patient room among the three patient types (p=0.8635). Patient acuity was also
not a significant predictor for time spent in a patient room (p=0.0847). However, there were differences of the mean
patient acuity scores among the three patient types (P: NP: 1SO, mean(SD) = 18(1.27): 19.35(1.48): 20.22(2.10),
p<0.0001). The patient acuity scores for ISO and NP are significantly higher than P. We used the average acuity score
and number of patients as the patient load in an observation. We also computed weighted acuity scores to adjust for
the average acuity score in an observation. We weighted patient acuity scores with weights as following:
weight_P=18/(18+19.35+20.22); weight_np=19.35 /(18+19.35+20.22); weight_is0=20.22/(18+19.35+20.22). As a
result, the single patient acuity score for each observation can be calculated as weighted acuity = weighted acuity
total/number of patients. During the analyses, we did not find average acuity or weighted acuity as a significant factor
to stress or time spent.

Table 2. Summary of descriptive analysis

Mean SD Min Max Mean SD Min Max
Age 30.00 6.00 23 41 Staffing
Years of Working Experience 318 238 .75 7.00 Number of patients 3.64 489 3 4
NASA-TLX Number of primary patients 155 .869 0 4
Mental Demand 48.64 28.51 0 100 Number of discharges 039 0.61 0 2
Physical Demand 41.82 22.42 5 85 Consecutive Days Worked 1.33 .645 0 3
Temporal Demand 47.88 28.83 5 95 Average acuity 18.92 .689 17.67 20.33
Performance 31.97 26.31 0 90 Weighted acuity 6.22 .315 555 6.92
Effort 52.27 24.72 0 95 Averaged stress by BPw 245 396 168 349
Frustration 27.42 25.89 0 80

We examined nurses’ time spent on nursing activities (Table 3) and found that nurses spent the most time
communicating with patients (28.07 mins) and other nurses (24.41 mins), followed by phone calls (6.45 mins), and
communication with family (6.15 mins). For hands-on tasks, nurses’ spent most time on EHR (45.54 mins), and the
time is significantly higher than the second highest hands-on task: direct medication time (15.17 mins) (p=0.000).
Nurses spent the most time in patient rooms (84.18 mins) and at the nursing station (80.44 mins).
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Table 3. Nurses’ top time spent (minutes) activities per 4-hour observation

Mean| SD | Min | Max Mean| SD| Min| Max
C_patient 28.07|16.44| 5.18| 8355 H_indirect_get med 6.43| 4.07| 0.82| 17.02
C RN 24.41113.52| 7.22| 53.80 H_handoff rounding| 5.18| 7.04| 0.00| 24.40
C_family 6.15| 547| 057| 20.48 L_own_pt_room 84.18] 29.29| 32.02] 160.58
C_call out 410| 343| 0.00| 16.10 L_rn station 80.44 | 38.63 | 12.10 | 175.47
C_callin 235 233 000 892 L_med_supply room | 1453| 8.79| 0.37| 38.23
H_EHR 4554|1742 18.27| 95.92 L_travel walking 14.31| 4.01| 7.13| 23.87
H_direct_medication| 15.17| 8.12| 3.85| 32.00 L_unit secretary 10.65| 16.17| 0.00| 66.70
H_direct_procedure 7.68| 9.77| 0.00| 50.95

C = communication; H = hands-on tasks; L = location
Factors associated with nurses’ average stress

We performed linear mixed effect models to examine factors associated with nurses’ average stress in a 4-hour
observation. When considering the simplest linear mixed effect models with each individual fixed effect, only
perceived physical demand, temporal demand, effort, and frustration shows statistically significant (Table 4). We also
did not find any difference in stress across time blocks (7am-11am, 11am-3pm, and 3pm-7pm) (p=0.759).

Table 4. Nurses’ average stress with individual fixed effect
95% Confidence Interval

Effect Estimate Std. Error t p value Lower Bound Upper Bound

Mental demand .004270 .002155  1.981 .057 -.000137 .008677
Physical demand .006583 .002389  2.755 .010 .001691 .011475
Temporal demand .005401 .001965  2.749 .010 .001381 .009421
Performance .000626 .002206 .284 779 -.003887 .005139
Effort .005653 .002487  2.273 .031 .000568 .010737
Frustration .005121 002111  2.425 .022 .000796 .009446
Age .034502 .017017  2.027 101 -.009901 .078905
Years of working experience .039901 .055128 124 .503 -.103301 .183104
Gender (female vs. male) 123646 .363850 .340 .748 -.813758 1.061051
Number of discharges .073314 .085195 .861 .397 -.101732 .248360
Number of patients .169840 105373 1.612 119 -.046431 .386112
Average acuity .051950 .079053 .657 516 -.110012 213911
Weighted acuity 146399 174704 .838 409 -.211087 .503885

Dependent variable: nurses’ average stress; Fixed effects: single effect.
Nurses’ average stress and perceived workload

When examining multiple fixed effects in the linear mixed effect model to account for demographics and staffing
together, none showed significant association with nurses’ stress (Table 5). Also, none of nurses’ demographics and
staffing variables were significantly associated with nurses’ stress.

Table 5. Nurses’ average stress and NASA-TLX
95% Confidence Interval

Effect Estimate Std. Error t p value Lower Bound Upper Bound
Mental demand .002571 .002340  1.098 .282 -.002241 .007382
Physical demand .004775 002694  1.772 .088 -.000766 .010316
Temporal demand .003491 002372 1.472 .153 -.001384 .008367
Performance -.000732 .002210 -.331 743 -.005283 .003818
Effort .003502 .002752  1.273 214 -.002155 .009159
Frustration .003666 .002467  1.486 .150 -.001423 .008755

Dependent variable: nurses’ average stress; Fixed effects: single perceived workload, age, years of experience, number of
discharges, number of patients, and weighted acuity.

Nurses’ EHR stress and perceived workload

When examining nurses stress while using EHR (EHR charting and review) and their perceived workload, we found
that nurses with higher perceived physical demand and frustration were associated with higher stress (p<0.05) (Table
6). But again, none of the nurses’ demographics or staffing showed statistical significance.
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Table 6. Nurses’ EHR stress and NASA-TLX

Effect Estimate

Mental Demand .003155
Physical Demand .006611
Temporal Demand .003246
Performance -.001061
Effort .004916
Frustration .005592

Std. Error
.002532
.002825
.002603
.002409
.002938
.002579

t
1.246
2.340
1.247
-.440
1.673
2.169

95% Confidence Interval

p value Lower Bound Upper Bound
224 -.002049 .008359
.027 .000801 .012421
224 -.002105 .008596
.663 -.006017 .003896
.106 -.001124 .010956
.040 .000271 .010913

Dependent variable: nurses’ EHR stress; Fixed effects: single perceived workload, age, years of experience, number of

discharges, number of patients, and weighted acuity.

Nurses’ EHR stress and EHR use time

When examining nurses’ EHR stress and the time spent on EHR, we did not find nurses’ EHR stress associated with
longer use of EHR (p=0.846) (Table 7). None of nurses’ demographics or staffing showed significant different either.
We also did not find longer EHR use with more nurse-patient ratio (p=0.733).

Table 7. Nurses’ EHR stress and EHR use time

Effect
EHR time

Estimate
0.000011

Dependent variable: nurses’ EHR stress; Fixed effects: EHR time, age,
years of experience, number of discharges, number of patients, and

weighted acuity.

Nurses’ time in own patient room and EHR use time

We examined nurses’ time in own patient room and EHR use

time (Table 8). Although not statistically significant, there is a
trend that nurses who spent more time using EHR would have
less time in own patient room (p=0.092) (Figure 1).

Table 8. Nurses’ time in own patient room and EHR use time

Effect
EHR time

Estimate
-.141041

Std. Error
.080317

t
-1.756

p value

95% Confidence Interval

Std. Error t p value Lower Bound Upper Bound
0.000056  .196 .846 -.000106 .000128
3000.00
£ 2500.00
:C:‘ 2000.00
:
£ 1500.00
g
;ﬂ 1000.00
g 500.00
0.00
0 1000 2000 3000 4000 5000

EHR_time
Figure 1. Time in own patient room and EHR

95% Confidence Interval
Lower Bound  Upper Bound
-.307042 .024961

.092

6000

7000

Dependent variable: average time in own patient room; Fixed effects: age, years of experience, number of discharges, number of

patients, and weighted acuity.

Stress with own patients vs. other patients

We also examined nurses’ stress in patient rooms, both paired t-test and Wilcoxon signed ranks test showed that nurses
have similar stress in own patients room and in other patients room (own patients room stress: other patients’ rooms
stress respective, Mean(SD) = 2.40(0.12): 2.56(0.73), p=0.180).

Nurses time spent in own patients room and patient acuity

Besides nurses’ stress, we were interested in whether nurses’ time spent in own patients room being influenced by
patient acuity. The result from the linear mixed model, after accounting for nurses’ demographics and staffing, was
similar to what we found with one-way ANOVA. We did not find patient acuity associated with nurses’ time spent in
own patient’s room (p=0.895), nor any nurses’ demographics and staffing variables (p>0.3).

Nurses time spent in own patients room and perceived workload

We also examined whether nurses time spent in patient rooms was associated with their perceived workload. The
results showed that nurses’ time spent in own patient rooms had a positive relationship with perceived physical demand,
temporal depend, and effort. In other words, when nurses expressed increases in perceived physical demand, temporal
demand, and effort, they have likely spent more time in their patient rooms (Table 9).

957



Table 9. Nurses’ time spent in own patient rooms and NASA-TLX
95% Confidence Interval

Effect Estimate Std. Error t p value Lower Bound Upper Bound

Mental Demand 6.438061 3.429993  1.877 074 -.695453 13.571576
Physical Demand 10.357601 3.801834 2.724 .015 2.327633 18.387569
Temporal Demand 9.153769 3.102006  2.951 .009 2.592586 15.714952
Performance 5.682530 3.374887  1.684 .104 -1.257861 12.622921
Effort 10.400754 3.369643  3.087 .010 2.986577 17.814932
Frustration 7.310985 3.909389  1.870 .073 -.725709 15.347678

Dependent variable: nurses’ time spent in own patient rooms; Fixed effects: single perceived workload, age, years of experience,
number of discharges, number of patients, and weighted acuity.

Nurses’ patient load and perceived workload

We also noticed that nurses with more patients expressed a higher perceived mental demand (p=0.044), physical
demand (p=0.041), and temporal demand (p=0.010). In addition, higher perceived frustration is associated with higher
patient acuity (p=0.014). All models have accounted for nurses’ demographics and staffing.

Discussion
EHR stress associated with nurses’ frustration

Provider burnout and stress has accelerated due to being overloaded with patient information.t>?° Studies have shown
that EHR usage leads to heightened cognitive workload for nurses, and increases in cognitive workload can result in
stronger feelings of exhaustion and burnout.?*?? Similarly, a study found that nurses’ and physicians’ perception of
having insufficient time to complete tasks related to alerts in the EHR was a significant predictor of cognitive
weariness, a subscale of burnout in the disseminated questionnaire.?® Additionally a survey of advanced practice
registered nurses explored the association between EHR related stress and burnout.?* More than half of the respondents
reported that the EHR added frustration to their day, and insufficient time for documentation in the EHR was
commonly reported as well. After adjusting for demographics and practice characteristics, researchers found that EHR
frustration and insufficient documentation time were both significant predictors of burnout among nurses. In another
survey, 61% of nursing personnel reported feeling heightened frustration when using their respective EHR systems.?®

In our study, we collected continuous stress data and perceived workload, and coupled with the time motion study,
enriched our ability to examine nurses” EHR stress and validate nurses’ perceived frustration. Our results showed that
nurses spent 45.54 minutes per 4-hour time block using the EHR, and this EHR use time was much more than any
other communication or hands-on activities. We also found that nurses’ perceived physical demand and frustration
were significantly associated with EHR stress. Previous studies reported frustration of using EHR due to insufficient
documentation time.?*% It seems ironic that nurses have spent the most time on EHR among all activities, are
frustrated, but need more time on EHR. Although we did not detect association between nurses’ stress and longer use
of EHR, the insignificant results may be due to that we do not have sufficient power to detect small effects (type Il
error). We also noticed that the continuous stress monitoring is better at detecting high stress in safety-related events,
such as when being the second check witness and in the isolation room. More studies are needed to investigate the use
of continuous stress monitoring to detect EHR-related stress. A better EHR design is also required to decrease EHR
documentation time and cognitive load in using EHR.

Nurses’ perceived workload

Several studies have investigated the association between nurses” workload and the quality of care they provide. One
study found that higher workloads, higher acuity assignments, and poorly organized work environments were all key
predictors of omitted or significantly delayed patient care.*® Similarly, another study found that larger patient to nurse
ratios contributed to increased missed care.*® Beyond patient volume and acuity, researchers also found that nurses’
subjective or perceived quality of care and patient safety were strongly related to the number of missed care events.*®
In addition, nurses’ perceived workload contributed to their ability to provide quality care. Using the NASA-TLX and
nurse-reported missed essential care reports, researchers determined that even though staffing ratios and patient acuity
were strongly associated with missed nursing care, their effects were greatly reduced when taking into account the
nurses’ perceived workload.> Our findings are consistent with these studies that nurses’ demographics, staffing, and
patient acuity were not statistically associated with nurses’ stress. Instead, their perceived workload plays an important
role in their time allocation and vice versa. Thus, nursing workload coupled with how that workload is experienced

958



may directly affect patient care quality and delivery. This could also be problematic due to the fact that nurses
frequently experience interruptions, which was found to be associated with an increased perceived workload.5!

Nurses’ time spent on direct patient care and EHR- is there a balance?

Although not statistically significant, we found a trend that nurses’ increased EHR use was associated with less time
in own patient room. Also, it seems rational that nurses would spend more time with patients with higher acuity, but
we did not find any significant differences in nurses’ time spent based on patient types and acuity. After adjusting for
repeated measures, we still did not find any differences due to patient acuity, nurses’ demographics, or staffing
variables. Previous research has found that patient care time and quality are significantly correlated to nurse staffing
and patient acuity.**'* However, the complexity and variety of what nurses’ actually do may have impeded nurses’
functions and responsibilities in patient care. Nurses expressed lack of time being with their patients and frustration
on insufficient resources needed.525% While top-of-license practice is recommended and needed for quality patient
care, it remains critical, but unknown, regarding the best strategies to support the health IT world that nurses currently
and will continue to face.

Study Limitations

The study had several limitations, 1) one unit in one hospital within one academic health system; 2) The small sample
size (n=33); 3) Potential insufficient power to detect small effects (type Il error); 4) Utilizing only one commercial
device for BPw. Although some studies have utilized the wearable device to assess patients’ stress, we did not test the
reliability of the device prior to the study. However, the wearable stress monitoring device did detect sensible stress
outcomes. For example, nurses had the highest stress when being the second check witness and in the isolation room;
Other limitations include 5) Lack of documented activities in the isolation room, as observers were not allowed access
to the isolation room for safety reason; 6) Participation bias as the study required nurses’ participation and consent 7)
Observation bias due to human capacity to accurately record every action.>* We may have missed some activities in
rapidly changing activities, but we minimized the inconsistency between observers through rigorous training, IORA,
and clearly defined definitions of each activity; 8) We detected association between variables, but cannot conclude
the causal relationship. Additional qualitative research or a larger sample size would be needed to validate the findings.

Conclusion

We conducted a time motion study to examine the relationship between nurses’ stress and perceived workload, and
their association with particular nursing activities. Our study presents a unique data triangulation approach from
continuous stress monitoring, perceived workload, and a time motion study, and could be replicable to other healthcare
organizations or disciplines. The approach enriched our ability to detect EHR-related stress and was validated by
nurses’ perceived physical demand and frustration. Our findings also showed that nurses’ perceived workload is a
strong predictor of nurses’ stress as well as how they spent time with their patients. They also experienced higher
perceived mental demand, physical demand, and temporal demand when they are assigned to more patients, regardless
of patient acuity. Future studies should investigate the use of continuous stress monitor to identify potential support
needed, as well as internal stress reduction techniques that could help with reducing perceived stress for nurses.
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