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INTRODUCTION

Research suggests that high workloads in the inpatient setting may
contribute to healthcare worker burnout, worse patient outcomes,
and adverse organizational outcomes including financial out-
comes.!™® To date, the mainstay of measuring clinician workloads
has been through wRVUs or encounters; yet, recent research has
shown the importance of incorporating measures that assess both
work quantity and the impact of workload on key outcomes (i.e.,
workforce, patient, and organizational outcomes) as relying solely on
traditional productivity measures may be insufficient.* Furthermore,
organizations often assess workloads, employee outcomes (e.g.,
burnout), and patient outcomes (e.g., length of stay) independently,
without connecting work processes and structure to the outcomes.

In this study, we aimed to bridge these gaps by developing a mobile
application to capture clinician perception of workload and work
environment. We then sought to integrate these data with electronic
workload measurements from the electronic health record (EHR) to gain
a more comprehensive evaluation of clinician workloads and work
environments through both objective and subjective measures. This
work lays the foundation for future research aimed at developing
evidence-based practices for determining optimal workloads and

strategies for enhancing and optimizing work environments.

METHODS
Study design

We utilized a multiple methods approach. We began by utilizing user-
centered design methods to develop a mobile application, called the
GrittyWork™ application (GW App), to assess various dimensions of
clinician perception of work including measures of workload, work
environment, as well as leadership support, and clinician well-being.
We then integrated this approach with an ecological momentary
assessment (EMA) method®® to harness the benefits of under-
standing work experiences in near realtime as they occur in the
workplace over the course of time and in different contexts. The
study was approved by the Colorado Multiple Institutional Review
Board. The full protocol can be found in Supporting Information S2:
Supplement 1. We utilized the STROBE guidelines’ for reporting.

Setting, participants, and study size

The study was conducted at a 678-bed quaternary care hospital with
approximately 12,000 medicine discharges per year with 58 clinical
full-time equivalents (cFTE) for physicians and 42 cFTE for advanced
practice providers (APPs) including physician assistants and nurse
practitioners. The study was conducted from October 28, 2022 to
June 8, 2023, which included prototyping and building of the mobile
application, pilot testing, and qualitative work. Hospitalist physicians
and APPs were invited to participate via group-wide emails with

invitations being sent no more than three times. Verbal consent was
obtained for those interested in participating by a nonsupervisor
research team member. Participants could participate in two of the
three offerings (prototype feedback, pilot test, and/or qualitative
interviews following the pilot) and were offered a $10 gift card for
each activity. Participants were consented on a first come, first serve
basis until recruitment was complete. Clinicians that participated in
the pilot were asked about their interest in participating in the

qualitative interviews via the final survey sent during the pilot test.

GW App development

To guide the design and iterative development of the GW App, we
applied the Chokshi and Mann process model for user-centered
digital development (Figure 1) applying all four phases with a
continuous feedback loop between discover and define and develop
and deliver stages.

In phase 1 of the discover and define stage, we sought to
understand the concepts and processes associated with capturing
workloads in near real time from hospitalists via a mobile application,
utilizing both a scoping review process and Delphi panel to generate
ideas to measure workloads and work environments.*? This work,
alongside the clinical experience and background of the research
team, informed the rudimentary concept for the GW App. Research
team members actively collaborated with the developers to deter-
mine the early prototype platform functionality (Android and iOS),
ease of use, interface attractiveness, push notification functionality,
biometric data collection, data storage, data retrieval, and the process
to modify and push new questions to users.

In phase 2 of the discover and define stage, we engaged with
users to understand how they might use the mobile application and
observed clinicians interacting with the application using “think-
aloud” and “near-live” methods.® Think-aloud involves users verbaliz-
ing their thoughts in real time as they navigate the mobile application.
Near-live attempts to simulate a real-world situation where users
interact with the mobile application as they would in their regular
work lives but in a controlled setting. We recruited six hospitalist
clinicians for interviews to capture insights regarding context of use,
user requirements, and feedback on an early prototype of the GW
App. Participants were observed downloading and completing the
workforce survey using the GW App and verbalizing their thoughts as
they completed the tasks. After interacting with the GW App, users
were asked their opinions in a semistructured interview. See
Supporting Information S2: Supplement 2 for the interview guide.
Based on user feedback, we made changes considered both relevant
and feasible to the GW App to optimize functionality and correct any
issues identified.

For phases 3 and 4 of the develop and deliver stage, we
iteratively developed, tested, and optimized the GW App in the
hospital setting. The pilot testing specifically allowed us to evaluate
the quality of data collection including the completeness, correctness,

concordance, plausibility, and currency of data!® by comparing
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FIGURE 1 Study flow.

self-reported workload measures from the application to clinician
usage data from the EHR. A priori, we planned to recruit 30
hospitalists for the pilot and successfully recruited the target number
including both physicians and APPs to test the GW App while on
service. Before the participant's clinical service, the mobile applica-
tion was installed. EMA prompts> were programmed into the mobile
application (i.e., push notifications) whereby participants were asked
to complete a daily survey in the GW App at the end of each shift
over the course of their week on service. We targeted four
consecutive weekdays for the pilot data collection to minimize the
effects of variable staffing over the weekend.

Surveys

Within the GW App, there were two surveys: a short daily survey and
a longer survey. The longer survey was typically administered on the
fourth day of service. See Supporting Information S2: Supplement 3
for the full list of questions. In the shorter survey, we asked each
person to answer questions about their type of shift, workload, and
perception of workload (e.g., shift rating with a “sad face”/“happy
face” emoji). The longer version included the short survey plus
additional questions about culture of safety, teamwork, leadership,
work environment, and burnout. This approach was taken to
minimize the time spent on surveys while striving to obtain a
comprehensive understanding of participants' perceptions across
various domains of work (e.g., leadership, safety, etc.). Workload
questions included the number of patients a care team was

responsible for, the number of patients the clinician saw, and the

National Aeronautics and Space Administration Task Load Index
(NASA TLX).**2 The NASA TLX was utilized to measure clinician
task load and consists of six subscales: mental demand, physical
demand, temporal demand, frustration, effort, and performance.*? Of
note, some of the NASA TLX data were not captured and thus
“missing” during the pilot as the slider bar functionality malfunc-
tioned. We utilized a two-question rapid screening for burnout (‘I feel
burned out from my work” and “I have become more callous toward
people since | took this job”), which has been shown to correlate well
with the full Maslach Burnout Inventory.'®>"*° Safety, teamwork,
work environment, and leadership questions were taken from the
Agency for Healthcare Research and Quality (AHRQ) Hospital Survey
on Patient Safety Culture™.2®"?” The maximum score for each
composite item is 100% and calculated based on AHRQ methods.
These questions were included in the long survey given the
importance of work environment, leadership, and safety impacting
organizational approaches to workloads as well as their impact on a
variety of outcomes.2%-2?

Additionally, at the end of the 4-day stretch on service,
participants were asked to complete a final survey in REDCap?®
including demographic questions and the validated System Usability
Scale (SUS) to assess the GW App usability.?*?° The SUS is a 10-item
questionnaire with each item rated on a 5-point Likert scale from
“strongly disagree” to “strongly agree” with three of the items reverse
scored (see Supporting Information S2: Supplement 4 for details). The
highest possible score is 100 with a higher score indicating better
usability.?*?> The survey also collected open-ended feedback and
comments. Biometric data collection including number of steps and
amount of sleep was enabled during the pilot using linked mobile
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FIGURE 2 GrittyWork™ application.

health applications; however, it was not fully functional and thus not
reported.

Finally, 10 individuals who participated in the pilot were asked to
participate in a semistructured qualitative interview about their
experience using the GW App while on service. The interview guide
is in Supporting Information S2: Supplement 5. These interviews on

average lasted 20 min.

Mobile application utilization data and EHR use data

We extracted usage metrics from the GW App, including number
of active users in a given time period, variation in use patterns
over time, and rates of survey abandonment/completion. If a
study team member needed to access the GW App, this use data
would have also been included; however, during the pilot, this
was an infrequent occurrence. In addition, we used pre-existing
data sets from the EHR containing a count of notes signed or
cosigned by each clinician during the time periods they
participated in the pilot project and worked on a day shift.
Similarly, we extracted aggregated EHR event log data (vendor-
derived aggregated EHR use metrics captured via clinician use of

START SURVEY —

Hurried or rushed?

1 21
VERY LOW VERY HIGH

& PREVIOUS NEXT =

the EHR during regular daily work),2¢728 which included the aver-
age number of minutes that the clinician spent engaging in

specific activities in the EHR.

Analysis

Quantitative analysis was performed using SAS Enterprise Guide 8.3 (SAS
Institute Inc.). A Student's t-test was used to compare the number of
patients per day on teams and personally cared for by a participant, the
number of hospital units, and the NASA TLX score by the shift rating
reported by each participant each day. We used a Pearson correlation
coefficient test to evaluate the relationship between the number of
patients per day on teams and personally cared for by a participant and
the NASA TLX score. Chi-square tests were used to compare the
proportion of participants reporting symptoms of burnout by the shift
rating reported by each participant each day. In addition, a chi-square test
was used to analyze the association between teams being staffed with
APPs or having learners with the shift rating reported by each participant
each day. Using a Pearson correlation coefficient test, we evaluated the
linear relationship between workload measures collected via the GW App
and those obtained from EHR data.
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Role of the funding source

The funding source did not have any role in study design, conduct,

analysis, or reporting.

RESULTS

A total of six clinicians participated in phase 2 of the discover and
define stage from October 28, 2022 to November 3, 2022 (four
physicians, two APPs). Multiple recommendations were made to
improve the prototype (Supporting Information S2: Supplement 6)
and the majority were then sent to the developers to modify the GW
App. Figure 2 shows the GW App.

For phase 3 of the develop and deliver stage, 30 clinicians
including 23 (77%) physicians and seven (23%) APPs participated in
the pilot from February 28, 2023 to May 26, 2023, with the final
qualitative interview conducted on June 8, 2023. Demographics are
provided in Table 1. The average engagement time per session was
7 min 30s. No surveys were abandoned (100% completion rate).

Pilot results: Results from the daily surveys are shown in Table 2.

Shifts occurred during the day shift and predominantly on primary

TABLE 1 Participant demographics, N = 30.

Role N (%)
Physician 23 (77)
NP/PA 7 (23)

Gender N (%)
Woman 18 (60)
Man 10 (33)
Prefer not to answer 0 (0)
Missing 2(7)

Years since training

Mean + SD 6.5+45

Min, Max 1, 19

Missing 2(7)
Number of years working with the hospitalist group

Mean + SD 4.1+£3.9

Min, Max 0.5, 14

Missing 2 (7)
Percent clinical effort (cFTE)

Mean + SD 74.5+24.1

Min, Max 25, 100

Missing 2(7)

Note: If missing data row not included, then no missing data.
Abbreviations: cFTE, clinical full-time equivalent; NP, nurse practitioner;
PA, physician assistant; SD, standard deviation.

Hospital Medicine

teams. We found that the average number of patients a team was
responsible for was significantly lower during shifts where participants
reported the “happy face” emoji compared to shifts where the
participant selected the “sad face” emoji (mean+SD: 11+3 vs.
13+2; p=.04) and similarly for the average number of patients that
a participant personally saw (mean+SD: 10+ 3 vs. 13 +2; p =.006).
The average NASA TLX score was significantly lower during shifts
where participants selected the “happy face” shift rating compared to
shifts where the participant selected the “sad face” (meanSD:
36+ 13 vs. 69 £9; p <.001). Finally, we found that the average number
of patients that a participant personally saw was correlated with the
average NASA TLX score (r=.42; p=.03). There was no significant
association between the average number of patients a team was
responsible for and the average NASA TLX score (r=.39; p=.05). We
did not observe a significant association between the rating of the shift
(“happy face” or “sad face”) and the average number of hospital units
reported by participants each day, participants reporting symptoms of
burnout, or teams being staffed with an APP or learner. Box plots
illustrating the associations between the number of patients, the
number of hospital units, and the NASA TLX score and the shift rating
are provided in Supporting Information S1: Appendix Figure S1.
Postpilot evaluation: The postpilot evaluation of the GW App
showed a SUS score of 86+11 (mean+SD) and a preference
toward mobile application surveys (73% of participants) (Table 2).
There was fair to moderate correlation between hours worked per
the GW App and reported measures of workload for physicians;
however, we did not see similar correlations for APPs (Table 3). In
postpilot qualitative interviews, participants raised several important
issues around successfully implementing a mobile survey application
such as the GW App (Supporting Information S1: Appendix Table S1).
Additional recommendations were made for future iterations

(Supporting Information S2: Supplement 7).

DISCUSSION

Previous studies have highlighted that current measures for workload
including wRVUs and encounters are likely insufficient to capture an
understanding of both workloads and the impact of work design on
outcomes.* Additionally, previous work has shown that high workloads
may result in harm for patients, clinicians, and organizations.22?-3>
Despite knowing these harms, in most medical specialties, including
those of generalists, the optimal workload is still not known.

Our study offers the beginning of a paradigm shift—one of quick,
strategic clinician assessments of workloads and work environments
combined with electronic measures of workloads (i.e., event log data)
with the goal of linking these data to outcomes to detect clinician,
patient, and organizational harms early. We utilized user-centered
design techniques to successfully develop a mobile application that
was both simple and intuitive for capturing clinician workloads. We
found that clinicians in this pilot preferred mobile application surveys
compared to surveys delivered via email or text. This emphasizes the

convenience and immediacy of mobile platforms which can capture
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TABLE 2  GrittyWork™ pilot evaluation (N = 30 participants, 122 shifts).
Daily questions (short survey)
Shift characteristics
What type of shift did you work?
Day shift
Missing
What type of team were you on??
Primary team
Consult/comanagement team
Admitting team

Procedural team

Select all of the team members that you had with you on this shift, excluding yourself.?

NP/PA

Attending physician
Intern/Resident
Medical Student
NP/PA fellow
Other

Missing

Reported workload

How many hours did you last work (or anticipate that you will work if filling it out for today)?

How many patients was your team responsible for during this shift?
How many patients did you personally see during this shift?
How many units in the hospital were your patients housed on?
NASA Task Load Index score
Missing, N (%)
Number of critical events or emergencies you had to respond to during this shift.
0
1
2
3
Missing

Resources, tools, and overall rating

During this shift, | had the essential people, tools, supplies, and resources | needed.

Never
Seldom
About half the time
Usually
Always
How would you rate this shift? N (%)

Happy face emoji

N = 122 shifts

N (%)
120 (98)
2(2)

105 (86)
17 (14)
3(2)
3(2)

60 (49)
28 (23)
30 (25)
14 (11)
34 (28)
25 (20)
1(1)
Mean + SD
10+1
11+3
11+£3
4+2
44 +21
96 (79)
N (%)
79 (65)
28 (23)
12 (10)
2(2)

107 (88)

(Continued)
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Daily questions (short survey) N =122 shifts
Sad face emoji 13 (11)
Missing 2(2)

Once a week questions (long survey) N = 32 shifts

| feel burned out from my work or I've become more callous toward people since N (%)

| took this job.
Yes 9 (28)

No 23 (72)
AHRQ Hospital Survey on Patient Safety Culture composites Mean + SD
Teamwork (work together as an effective team, help each other during busy 89% + 5%

times, and are respectful) (% positive)
Staffing and work pace (enough staff to handle the workload, work 65% +16%
appropriate hours and do not feel rushed, and appropriate reliance on
temporary, float, or PRN staff) (% positive)
Missing, N (%) 1(3)
Organizational learning—continuous Improvement (work processes are 74% £ 13%
regularly reviewed, changes are made to keep mistakes from happening
again, and changes are evaluated) (% positive) (mean + SD)
Missing, N (%) 2 (6)
N=30

Final survey participants

System usability scale, mean + SD 86+11
Missing, N (%) 2 (7%)

What is your preferred method to submit real- N (%)

time information regarding workload?
Mobile application survey 22 (73)
Email survey 1(3)
Text message survey 5(17)
Missing 2(7)

Note: If missing data row not included, then no missing data.

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; NASA, National Aeronautics and Space Administration; NP, nurse practitioner; PA,

physician assistant; SD, standard deviation.
@Participants could check all that applied.

near real-time experiences of clinicians. While more basic electronic
measures of workload were used for this study as proof of concept,
additional EHR event log data such as time to task completion or time
spent in activities in the EHR could also be utilized to understand the
impact of workloads on a variety of outcomes.?63¢-38

Our primary goal of this work was to utilize user-centered design
techniques to develop a usable tool that would be acceptable to
clinicians. The Chokshi and Mann process allowed for a rapid cycle
and iterative user-centered approach® to develop the application
which likely led to the high usability rating. We also aimed to ensure
the GW App resulted in high-quality data collection with most
measures having low rates of missing data. We saw fair to high

correlations for physician-reported workload measures when

comparing to EHR measures; however, we did not see that with
APPs. Some of these reported differences for APPs likely resulted
from care models that were utilized at the study site (collaborative,
shared service model) in addition to the small number of APPs
included in the study. Future opportunities will include assessing
which measures of workloads (reported and/or measured through
the EHR) are most closely associated with outcomes.

From this study, we also gained insights into the importance of
psychological safety and the necessity for clear actions by organiza-
tional leaders in response to data collected. These factors were noted
to be critical for the successful dissemination and implementation of
the GW App. The GW App, as it currently stands, was primarily
designed for nonprocedural clinicians working in hospital settings.
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TABLE 3
GrittyWork™
Physicians®
Work hours, mean = SD 10.3+14°
Workload, mean £ SD
Number of patients 11.0+3.7¢
responsible for
Patients personally seen 10.4 + 3.4
Advanced practice providers®
Work hours, mean + SD 9.6+0.4°
Workload, mean + SD
Number of patients 11.4+1.4¢
responsible for
Patients personally seen 11.3+1.3f

Comparison of GrittyWork™ data to electronic health record event log and notes data by role.

EHR event r (95% confidence

log data interval) p-Value
2.3+1.0° 0.59 (0.22, 0.80) 0.003
9.6+3.1° 0.78 (0.51, 0.91) <0.001
9.6+3.1° 0.98 (0.94, 0.99) <0.001
2.4+0.6° -0.56 (-0.94, 0.51) 0.25
5.3+1.1° 0.47 (-0.47, 0.90) 0.28
53+1.1¢ 0.49 (-0.45, 0.90) 0.26

Abbreviations: EHR, electronic health record; SD, standard deviation.

#Three providers missing notes data.

PHow many hours did you last work (or anticipate that you will work if filling it out for today)?

“Average number of minutes the provider spent in basket, orders, notes, and clinical review per day.

9How many patients was your team responsible for during this shift?

*Number of notes signed or cosigned during shift: does not differentiate between responsible for and personally seen.

fHow many patients did you personally see during this shift?
€0ne provider missing EHR event log data.

Additional modifications will be needed to cater to various types of
specialties and settings including trainees, outpatient clinics, and
those with procedurally based roles.

Finally, this work also presents an opportunity to incorporate
workload monitoring into healthcare worker safety management systems
to identify when workplace practices may be driving harm, rather than
relying solely on traditional workforce well-being surveys, which are
typically conducted infrequently and may not link directly to workloads or
other aspects of work design. In future research, it will be important to
determine the optimal frequency and sample size for clinician surveys.
This should entail streamlining the process by minimizing the number of
participants and reducing any unnecessary obstacles, potentially making it
as easy as a survey capturing a “happy” or “sad” emoji response. Many of
the questions on workload (i.e.,, number of patients seen and hours
worked) can likely come entirely from EHR event log data further
minimizing survey burden. Capturing biometric data could also be an
important addition to future work which may also provide indicators of a

stressed workforce.

STRENGTHS AND LIMITATIONS

Our study had several strengths, including iterative development of a
mobile workforce application and taking a multiple methods approach
to evaluate the GW App. Limitations include that it occurred in a major
urban academic setting and with clinicians that worked day shifts. Thus,
the findings may not be fully applicable to other settings. However, we

do believe much of the described approach and aspects of the GW App
could directly pertain to other care settings recognizing that additional
adaptations to the mobile application are necessary and that organiza-
tions also have differing cultures, priorities, and incentives which may
impact the perceived usability of the mobile application. The question
around hours worked could have been a combination of retrospectively
reported hours worked and prospectively forecasted hours. For
instance, if a participant received a survey push notification while still
working, they could either complete the survey later, at the end of their
workday, or estimate their remaining hours and fill it out accordingly.
This approach aimed to streamline the survey process for participants.
In future iterations, workload-related questions could primarily rely on
EHR event log data. This approach would reduce survey time and
ensure that only questions not extractable from other data sources are
asked. There could also have been selection bias; however, we tried to
mitigate this by inviting the entire group of hospitalists to participate
and limited individual participation to two activities to try and capture
diverse perspectives. The order of the various questions could have
biased participants' responses; thus, additional assessments should be

conducted on how the order of questions impact findings.

CONCLUSION

By employing user-centered design techniques, we successfully
developed a mobile application to assess clinician perception of

workloads and work environments with high usability. Combining
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clinician perception of work with EHR event log data and subsequent
outcomes will offer insights into how workloads and work environ-

ments impact patient, workforce, and organizational outcomes.
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