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ABSTRACT

Objective: Physician burnout associated with EHRs is a major concern in health care. A comprehensive assess-

ment of differences among physicians in the areas of EHR performance, efficiency, and satisfaction has not

been conducted. The study sought to study relationships among physicians’ performance, efficiency, perceived

workload, satisfaction, and usability in using the electronic health record (EHR) with comparisons by age, gen-

der, professional role, and years of experience with the EHR.

Materials and Methods: Mixed-methods assessments of the medical intensivists’ EHR use and perceptions. Us-

ing simulated cases, we employed standardized scales, performance measures, and extensive interviews.

NASA Task Load Index (TLX), System Usability Scale (SUS), and Questionnaire on User Interface Satisfaction

surveys were deployed.

Results: The study enrolled 25 intensive care unit (ICU) physicians (11 residents, 9 fellows, 5 attendings); 12

(48%) were men, with a mean age of 33 (range, 28-55) years and a mean of 4 (interquartile range, 2.0-5.5) years

of Epic experience. Overall task performance scores were similar for men (90% 6 9.3%) and women (92% 6

4.4%), with no statistically significant differences (P¼ .374). However, female physicians demonstrated higher

efficiency in completion time (difference¼7.1 minutes; P¼ .207) and mouse clicks (difference¼54; P¼ .13).

Overall, men reported significantly higher perceived EHR workload stress compared with women (differ-

ence¼17.5; P< .001). Men reported significantly higher levels of frustration with the EHR compared with

women (difference¼33.15; P < .001). Women reported significantly higher satisfaction with the ease of use of

the EHR interface than men (difference ¼ 0.66; P ¼.03). The women’s perceived overall usability of the EHR is

marginally higher than that of the men (difference¼10.31; P ¼.06).

Conclusions: Among ICU physicians, we measured significant gender-based differences in perceived EHR

workload stress, satisfaction, and usability—corresponding to objective patterns in EHR efficiency. Understand-

ing the reasons for these differences may help reduce burnout and guide improvements to physician perfor-

mance, efficiency, and satisfaction with EHR use.

VC The Author(s) 2019. Published by Oxford University Press on behalf of the American Medical Informatics Association.
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Design: Mixed-methods assessments of the medical intensivists’ EHR use and perceptions. Using simulated

cases, we employed standardized scales, performance measures, and extensive interviews.

Key words: EHR, performance, efficiency, satisfaction, burnout, critical care

INTRODUCTION

Burnout from physicians’ use of electronic health records (EHRs)

has become a paramount concern in health care.1,2 Increasing EHR

time requirements—and the tradeoff of reduced time with

patients—are repeatedly cited as major contributors to physician

burnout.3 EHRs increase the amount of time providers spend on

reviewing and documenting clinical information.4 Findings that

physicians spend an average of 44%-65% of their time at com-

puters, as opposed to only 24% in communication with patients,5,6

are disconcerting, especially given efforts toward greater patient-

centeredness in healthcare. When surveyed about EHR use, 46.5%

of more than 6300 physicians disagreed or strongly disagreed that

time spent on clerical tasks was reasonable.1 In addition to limiting

face-to-face time with patients, other EHR factors also contribute to

physician frustration, including click-heavy, data-busy screens and

stringent documentation requirements (leading to “note bloat”).2,7

Importantly, current EHR systems are linked to increased probabili-

ties of medical errors as a result of poor usability, information over-

load, and other unintended consequences.8–15

Information overload generated by continuous data flow creates

barriers to finding relevant data in EHRs. While new technologies

enable continuous patient monitoring, the voluminous additional

data contribute to information overload in high-risk environments

such as intensive care units (ICUs). Critical care providers are con-

fronted with more than 200 variables during rounds.16 On average,

critically ill patients generate a median of 1348 individual data

points per day.17 However, providers take on average only 2

minutes to gather, synthesize, and act on patient data.18 Information

overload and failures in information processing are directly linked

to cognitive errors and misdiagnosis.19

To attain higher performance and better outcomes, gender-

differences among physicians have been studied over the years. For

example, previous studies investigated gender differences in patient-

centered conversations, physician-patient communication, and

decision-making processes.20–22 The role of women in medicine is

expected to continue to grow; currently, women compromise 30%

of the physician workforce and 50% of medical students.23 Because

use of electronic health records compromises a significant amount of

physician’s time and effort, there is a need to study both male and fe-

male physicians’ experiences interacting with EHRs. Improved un-

derstanding of enablers and challenges may help optimize the

overall EHR experience for all physicians.

The objective of this study is to better understand the relation-

ship between EHR use and ICU physician performance, satisfaction,

and workload. We studied physicians’ performance on clinical tasks,

efficiency using EHRs, perceived workload stress, satisfaction, and

perceptions of burnout associated with EHRs. We examined system-

atic differences by gender.

MATERIALS AND METHODS

Study design
We conducted a cross-sectional, mixed-methods assessment of the

physician-EHR relationship among medical intensivists and the

EHR (Epic; Epic Systems, Verona, WI) at one institution. We inves-

tigated this relationship by age, gender, professional role, and expe-

rience with the EHR.

We have previously reported the methodology for the current

study in detail.24 In brief, physicians participated 1-by-1 in a 3-part

study that included: (1) completion of 4 simulation patient cases in

the EHR, (2) completion of 4 surveys, and (3) participation in a

face-to-face, semistructured interview. For each participant, all 3

parts of the study took place during a single encounter. We obtained

written informed consent from all participants. Participants were

compensated with $100 gift cards. This study was reviewed and ap-

proved by the Institutional Review Board.

For the study’s simulation component, 4 cases representative of

typical medical ICU (MICU) patients were developed by a board-

certified pulmonary and critical care attending and an internal medi-

cine resident (T.B. and C.C.), neither of whom participated in the

study. Description of test cases are summarized subsequently, while

accompanying clinical tasks are discussed in greater detail in previ-

ously published work.24 Two research assistants and an Epic consul-

tant built the patient cases into the institutional EHR training

environment, which closely mimics the live Epic environment.

Cases:

• A 44-year-old woman with multisystem organ failure. Partici-

pants review clinical documentation, manage medications, and

respond to consultations.
• A 60-year-old woman with acute hypoxic respiratory failure.

Participants review clinical documentation and flowsheets, evalu-

ate changes and mechanical ventilation, and analyze microbiol-

ogy data.
• A 25-year-old man with severe infection (sepsis). Participants as-

sess flowsheets, laboratory data, antibiotics, and fluid manage-

ment.
• A 56-year-old male trauma patient with postoperative heart fail-

ure and volume overload. Participants identify weight trends dur-

ing previous visits and manage intravenous fluids and

medications.

We provided standardized instructions to each participant to

complete each patient scenario. Participants logged into their usual

EHR view and reviewed the clinical cases sequentially, completing

the assigned clinical tasks by providing verbal responses to questions

posed by the experimenter or by performing actions in the EHR as

indicated. Case questions were created by a domain expert (T.B.)

and included questions about consultations received by the patient,

the ordered labs, explanations about modifications in orders, justifi-

cations for current and changes in ventilator settings, lists of intrave-

nous fluids and their changes, and the latest patient vital signs.

We recorded users’ times, mouse clicks, and keystrokes. We also

documented participants’ age, gender, professional role, number of

years of Epic experience (self-reported), and estimated number of

hours using Epic per week (self-reported).

Following the simulations, the primary author (S.K.) conducted

1-on-1 interviews, accompanied by a note-taker who recorded inter-

viewee responses. Participants were asked to share their perceptions
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and elaborate on: 1) the accessibility of information in the EHR and

2) the association between EHR use and physician burnout. Inter-

views were audio recorded and transcribed verbatim by 2 trained,

research assistants. Interview transcripts were subsequently coded

and analyzed by a qualitative research expert using standard soft-

ware (Dedoose; University of California, Los Angeles, Los Angeles,

CA).

Setting and participants
The study was conducted at a tertiary academic medical center in

the Southeast with a 30-bed MICU. All testing took place in a

standardized EHR usability laboratory on site, equipped with com-

puter workstation, away from live clinical environments. We

recruited participants through flyers and departmental emails. Eligi-

ble participants (1) were physicians in the MICU (ie, faculty or

trainee) and (2) had MICU critical care experience using Epic.

Outcomes
Primary outcomes were task performance scores, efficiency of use

(clicks, time, screens), and perception of workload, usability, and

satisfaction. Secondary outcomes were interview responses address-

ing EHR usability and association with burnout (Table 1).

Statistical analysis
Descriptive statistics were used for subgroup comparisons. Statisti-

cal analyses were conducted using independent sample t tests and 2-

way analyses of variance. First, independent sample t tests were con-

ducted on all 3 of the surveys (NASA-Task Load Index, Question-

naire for User Interaction Satisfaction, and System Usability Scale)

and on performance data to examine differences in responses be-

tween genders. A 2-way analysis of variance was conducted for gen-

der and age to determine if there are significant interactions between

Table 1. Overview of outcome measures

Measure Instrument/measure-

ment strategy

Description

Performance/

accuracy

Scores on clinical

questions/tasks

with 4 simulation

cases

• Total performance score based on 21 questions/clinical tasks
• Scoring: 1 point (correct), 0.5 points (partially correct), 0 points (incorrect)
• All responses scored by the physician who developed the cases

Efficiency Standard usability

software (TURF,

Houston, TX)

• Time to complete the 4 cases
• Total mouse clicks
• Number of EHR screen visits in the simulation patient test cases
• Keyboard strokes and screen capture recorded as adjunct measures

Usability System Usability

Scale25–28 (adminis-

tered electronically)

• Includes 10 items, each scored on 5-point Likert-type scale (range, 1 [worst] to 5 [best])
• Total System Usability Scale score calculated on a 100-point scale, with the following

ranges:
• 0-50 ¼ Unacceptable; grade “F”
• 51-80 ¼ Acceptable; grade “C”
• >80 ¼ Excellent; grade “A”
• >68 ¼ above mean usability; < 68 ¼ below mean usability29

Satisfaction Questionnaire for

User Interaction

Satisfaction30 (ad-

ministered via pa-

per)

• Includes 20 items
• Items are scored on a 9-point Likert-type scale (range, 0 [worst] to 9 [best])

Workload NASA-Task Load In-

dex31,32 (adminis-

tered via paper)

Workload scores calculated across 6 domains:

� Mental demand

� Physical demand

� Temporal demand

� Performance

� Effort

� Frustration
• Performance variable was reversed scored as per the survey tool design
• Total combined workload scoring: (range, 0 [best] to 100 [worst])
• The threshold for “overwork” is 55, per prior healthcare studies33

EHR, electronic health record.

Table 2. Baseline characteristics of physician participants

All Men Women

(N¼ 25) (n¼ 12) (n¼ 13)

Age, y 33.2 6 6.1 34.9 6 7.6 31.5 6 3.1

Clinical role

Resident 11 5 6

Fellow 9 3 6

Attending 5 4 1

Epic experiencea

Years 4.2 6 1.3 4.3 6 1.4 4.0 6 1.0

Hours per week 32.6 6 22 29.8 6 17.9 35.3 6 25.4

Values are mean 6 SD or n.
aSelf-reported.
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these 2 variables on both the survey responses and performance.

Participants were categorized by age (25-29, 30-34, and 35þ years),

which generally correspond to level of clinical training. A 2-way

analysis of variance was then conducted with gender and age cate-

gory as fixed factors. All statistical testing included adjustment to

control for potential confounding by age or clinical role. We used

IBM’s SPSS version 22.0 (IBM Corp, Armonk, NY).

RESULTS

Twenty-five ICU physicians participated in the study (11 residents, 9

fellows, and 5 attending physicians (Table 2). Twelve (48%) were

men; mean age was 33 (range, 28-55 years) years and mean weekly

Epic use was 31.1 (interquartile range, 7.95-52.1) hours. Mean prior

experience with Epic was 4 (interquartile range, 2.0-5.5) years. With

such narrow range of experience, further subgroup comparisons by

this variable were not conducted. Similarly, age and clinical role

tracked very closely. Therefore, subgroup analyses focused on gender.

Performance
As shown in Table 3, the mean performance score was 19.1 of a pos-

sible 21 points, equaling an accuracy rate of 91.2% 6 7.1%. Over-

all task performance scores were similar for men (90% 6 9.3%) and

women (92% 6 4.4%), with no statistically significant differences

(difference ¼ 2.0%; 95% confidence interval [CI], –8.6% to 3.3%;

P ¼ .374). Scores for each individual patient case were likewise simi-

lar, with men and women performing equally well.

Efficiency
Though the differences were not statistically significant, women

consistently had higher levels of efficiency than men on several indi-

cators, including task completion time and total mouse clicks. As

per Table 3, participants completed all 4 cases in a mean time of

34.7 6 8.5 minutes, but did not spend an equivalent amount of time

on each case. In general, female physicians spent less total time com-

pleting all 4 cases, with a mean total time of 31.6 6 8.7 minutes

while men spent a mean total of 38.7 6 10.8 minutes (differ-

ence¼7.1; 95% CI, –3.23 to 16.13; P ¼ .207). No interactions

were observed between either age group or clinical role and task

completion time.

Clicks: Participants recorded a total mean number of 327 6 87

mouse clicks in completing all 4 test cases (Table 3). The distribu-

tion of mouse clicks corresponded to the time spent on each case.

Women recorded fewer total mouse clicks compared with men, with

a mean number of 301 6 67 mouse clicks and 355 6 101 mouse

clicks, respectively (difference¼54; 95% CI, –13.411 to 121.211; P

¼ .13). Female physicians visited 3 more EHR screens in total (n ¼
86) as compared with male physicians (n ¼ 83) (difference ¼ 3;

95% CI, –14 to 20; P ¼ .71).

Gender differences in perceived workload, satisfaction,

and usability
Physicians’ reported workload, satisfaction, and usability scores

were calculated from the NASA-Task Load Index, Questionnaire

for User Interaction Satisfaction, and System Usability Scale (SUS),

respectively. Across the board, we found significant gender differen-

ces for each of the 3 surveys (Figure 1).

Workload: Overall, male physicians reported a significantly

higher perceived EHR workload compared with female physicians,

with a mean workload of 54.3 6 5.95 and 36.8 6 10.57, respec-T
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tively (difference¼17.5; 95% CI, 41.8 to 48.6; P< .001). Men per-

ceived workload percentages were 61.6%, which were almost a

third higher than women. Using industry standard thresholds for

overwork (total Task Load Index >55), male participants exhibited

overwork during the EHR simulation whereas women did not (Sup-

plementary Appendices A).33

Figure 1. Results from instruments measuring perceived workload (NASA-Task Load Index [NASA TLX] Survey). White circles represent outliers. Light gray terri-

tory highlights scores above the median while dark gray shows scores below the median. The median is indicated in red. Differences that are significant at the

.05 level (2-tailed) are denoted by 1 asterisk, while differences that are significant at the .01 level (2-tailed) are denoted by 2 asterisks.

Figure 2. Results from instruments measuring perceived satisfaction with the EHR (Questionnaire for User Interaction Satisfaction). White circles represent out-

liers. Light gray territory highlights scores above the median while dark gray shows scores below the median. The median is indicated in red. Differences that are

significant at the .05 level (2-tailed) are denoted by 1 asterisk, while differences that are significant at the .01 level (2-tailed) are denoted by 2 asterisks.
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Effort and Frustration: Male physicians reported significantly

higher levels of frustration with the EHR compared with women,

with mean male frustration scores more than twice as high as the

women: 61.25 6 18.8 vs 28.1 6 21.6 (difference ¼ 33.15; 95% CI,

19.0 to 47.3; P < .001). As shown in Figure 1, Male physicians also

reported significantly more effort in completing tasks in the

EHR compared with women, with men having a mean score of

66.3 6 10.7 and women having a mean score of 41.1 6 20.8 (differ-

ence ¼ 22.2; 95% CI, 11.2-38.9; P < .001). Similarly, men reported

that completing tasks in the EHR was significantly more mentally

demanding. Mean score for men was 65.0 6 18.8 compared with

45.9 6 21.6 for women (difference ¼ 19.1; 95% CI, 2.2 to 35.9; P

¼ .02). For performance, female physicians had a mean score of

50.7 6 14.3 while male physicians had a mean score of 44.1 6

22.2, which was not statistically significant (P ¼ .38). As for physi-

cal demand, male physicians reported a mean score of 15 6 8.2,

while female physicians had a mean score of 11.1 6 10.2, which

also was not statistically significant (P ¼ .31). Scores >55 (of 100)

signify overwork. There were no interactions found between either

age group or clinical role and perceived EHR workload.

EHR Satisfaction: Female physicians reported significantly

higher satisfaction with the ease of use of the EHR interface than

men, as women had a mean score of 4.08 6 0.49 vs 3.42 6 0.99 for

men (difference ¼ 0.66; 95% CI, 0.02-1.32; P ¼ .03). Female physi-

cians also found the EHR system significantly easier to learn how to

operate, with a mean score of 5.77 6 1.74 vs 4.17 6 1.47 for men

(difference ¼ 1.6; 95% CI, 0.256-2.94; P ¼ .002). Women reported

marginally significantly higher satisfaction with information accessi-

bility (difference ¼ 1.08; 95% CI, –1.05 to 2.81; P ¼ .06) and ability

to learn new features through trial and error than men (difference ¼
1.31; 95% CI, –0.178 to 2.97; P ¼ .07). There were no

interactions found between either age group or clinical role and sat-

isfaction (Figure 2 and Supplementary Appendix B).

EHR Usability: Women’s perceived overall usability of the EHR

was only marginally higher than that of the men, with a mean total

of 66.35 6 11.75 of 100 for women vs 56.04 6 14.04 for men (dif-

ference ¼ 10.31; 95% CI, 10.30-15.25; P ¼ .06). Both of these

scores fall in the “marginal usability” range by traditional interpre-

tation of the SUS tool. Similarly, female physicians reported signifi-

cantly lower scores than male physicians for both EHR complexity

ratings (difference ¼ 0.77; 95% CI, –1.125 to –0.070; P ¼ .03) and

EHR cumbersomeness (difference ¼ 0.69; 95% CI, –1.414 to –

0.137; P ¼ .01). There were not differences in reported confidence

Figure 3. Results from instruments measuring perceived individual usability

of the electronic health record system (System Usability Scale). White circles

represent outliers. Light gray territory highlights scores above the median

while dark gray shows scores below the median. The median is indicated in

red. Differences that are significant at the .05 level (2-tailed) are denoted by 1

asterisk, while differences that are significant at the .01 level (2-tailed) are

denoted by 2 asterisks.

Figure 4. Results from instruments measuring total perceived usability of the electronic health record system (System Usability Scale [SUS] survey). White circles

represent outliers. Light gray territory highlights scores above the median while dark gray shows scores below the median. The median is indicated in red. Differ-

ences that are significant at the .05 level (2-tailed) are denoted by 1 asterisk, while differences that are significant at the .01 level (2-tailed) are denoted by 2 aster-

isks.

Table 4. Quantitative results from 1-on-1, semistructured inter-

views

All Men Women

(N¼ 25) (n¼ 12) (n¼ 13)

Difficulty finding information

in EHR

Yes 20 (80) 11 (92) 9 (69)

No 5 (20) 1 (8.3) 4 (31)

EHR contributes to burnout Yes 17 (68) 9 (75) 8 (62)

No 8 (32) 3 (25) 5 (38)

Values are n (%).

EHR, electronic health record.
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levels using the EHR (difference ¼ 0.38; 95% CI, –0.370 to 1.139;

P ¼ .30) (Figures 3, 4 and Supplementary Appendix C ).

Semistructured interview findings
During 1-on-1, semistructured interviews, 80% (n¼20) of partici-

pants reported frustration when trying to find information in the

EHR. Consistent with the survey data, men expressed more frustra-

tion than did women: 11 of 12 male physicians vs 9 of 13 female

physicians reported experiencing difficulty locating information.

When asked about relationships between EHRs and burnout, 68%

believe the EHR contributes to burnout (75% of male vs 57% of fe-

male physicians), Table 4.

For both men and women, the major complaint focused on time

spent looking through patient information, alert fatigue, and docu-

mentation (Table 5). Participants repeatedly said they became doc-

tors to work with people, not computers.

Different for New Physicians: One-third of participants who did

not see a relationship between EHR and burnout (n¼8, 32%) noted

that they only knew care with EHRs and therefore, they can’t com-

pare work to pre-EHR eras. However, participants who practiced in

the pre-EHR era were grateful for not chasing paper charts or read-

ing illegible handwriting.

EHR features: favorites and frustrations
We asked participants to name the top 3 favorite and most frustrat-

ing features of Epic (Table 6). For favorite EHR features, male and

female physicians both reported the summary features in the flow-

sheet screen that organizes and presents patient information; and the

Results Review screen and active medication screens—including

medication interactions and allergy warning, plus longitudinal

trends. The third favorite feature differed between genders. Men

preferred the “Care Everywhere” function (allows viewing records

Table 5. Qualitative results from 1-on-1, semistructured interviews

Frustrated by EHR “I’ve definitely missed important features on a patient be-

cause I was unable to find correct culture data based on

how it was reported in different tabs. I can say, in many

cases, that if there is a positive result, that I don’t feel

comfortable unless I check 3 different places to see if

there isn’t a result, and that’s a big deal for me.” –

Internal Medicine Resident

“I have trouble looking at . . . medications, and comparing be-

tween current medications and . . . recent medications and

figuring out when a medication ended, so that I can figure

out when to start it. I have challenging time interpreting.” –

ICU Fellow

Not frustrated by EHR “Umm. Could be easier. You know, experience matters so I

know where to look for most everything now. So, yes

and no.” – ICU Fellow

“In general, I’d say, after 3, almost 3 years now using Epic, I’m

. . . fairly proficient.” – Internal Medicine Resident

EHR contributes

to burnout

“The (healthcare) system has used the EHR as a tool to de-

crease overhead costs on clerical personnel by shifting

the clerical duties over to the physician. I definitely know

ordering meds requires more clicks than it should. My

two biggest issues are having to go to too many different

places to get my key elements. Not being able to find half

of what’s in the EMR cause they just don’t make it, like

all those nurses notes, they just don’t make it [needed in-

formation] accessible.” – Attending Physician

“I feel like you have to spend so much time on it, which is just

the nature of what medicine has become. I don’t know if it’s

so much the EHR itself, it’s just that we have so much infor-

mation now and we have to review it all and there so much

documentation that has to be done that’s required.”– Inter-

nal Medicine Resident

EHR does not

contribute

to burnout

“I think the EHR has made things easier for us. I like that I

can go to any computer station wherever I am and be

able to sign off on a couple of notes and things like that.”

– Attending Physician

“I think the EHR has made things easier for us. I like that I can

go to any computer station wherever I am and be able to

sign off on a couple of notes and things like that” – Attend-

ing Physician

Values are n (%).

EHR, electronic health record; ICU, intensive care unit.

Table 6. Interview responses, and most favorite and frustrating EHR features

Semistructured interviews All Men Women

(N¼ 25) (n¼ 12) (n¼ 13)

Favorite EHR features 1. Summary Features - Tabs which summarize

patient info such as Flowsheets

2. Search function

3. Results/Medication Management

1. Summary features

2. Integrated system

3. Results/Med Management

þ Customizability

1. Results/Med Management

2. Search Function

3. Summary features

Most frustrating

EHR features

1. Poorly designed interface issue

2. System functionality problem (how well

the system functions)

3. Information redundancies

1. Poor interface design

2. System functionality

3. Information overload

1. Poor interface design

2. System functionality

3. Information redundancies in

Results/Med Management

þ Customizability

EHR, electronic health record.
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from different institutions using the same EHR system). In contrast,

the majority of women favored the general search function, analo-

gous to the “Google search bar” within a patient’s chart, and the fil-

ter option in chart review as these features expedite information

seeking and retrieval.

EHR Usability: Poorly designed interfaces and functionality

problems were among the top frustrating features noted by both

women and men. Participants noted poor interface designs and nu-

merous errors messages associated with orders (leading to “alert

fatigue”). They cited problems from variability between inpatient

and outpatient formats, and inconsistent display of lab results.

Physicians also reported difficulty navigating through blood product

administration, difficulty determining the total volume and timing

of intravenous fluid administration, and the fact that the microbiol-

ogy tab only show data from current hospitalization without old mi-

crobiology data juxtaposed.

Male physicians report high frustration with information over-

load, explicitly complaining of too much information in the EHR

(eg, the need to visit multiple screens because of poor design, too

many pathways to access the same information, non-objective orga-

nization of information, jumbled and dense formatting of the medi-

cation administration record). Women were frustrated by

redundancy (specifically, in the Results Review and Active Medica-

tion tabs) and discordance in data presentation (eg, outdated and

conflicting information in the Vital Signs tab compared with the

flowsheet). As with the men, women also report poor medication

administration record formats for reviewing active and current med-

ications.

DISCUSSION

To our knowledge, this is the first study to employ multiple methods

to investigate physician differences in use of EHRs—including per-

formance measures, observations, surveys, and attitudes. Our study

leveraged an extensive mixed-methods approach to better under-

stand physician-EHR behavior and perceptions. By including 4 EHR

simulation patient cases, 4 surveys, and 1-on-1, face-to-face inter-

views, our data collectively offer a comprehensive comparison of

physicians’ performance, efficiency, and attitudes toward EHRs.

We report profound gender-based differences in EHR use and

perceptions. Female physicians had significantly lower perceived

workload stress during EHR tasks, higher satisfaction with the EHR

interfaces, and greater perceived usability of the EHR. In general,

also, women are consistently and significantly more satisfied with

the amount of effort required to find information and complete

EHR tasks, and they have higher levels of satisfaction with EHRs’

usability, complexity, and cumbersomeness than did men. These

findings correspond with patterns toward greater EHR efficiency

(clicks, time) for female physicians despite similar outcomes on task

performance. Although the differences in efficiency were not statisti-

cally significant in our study, we note that even small amounts of

time and clicks saved per patient may be clinically significant, espe-

cially when scaled to the typical physician workload of 10-20

patients.

A possible explanation for the observed gender differences is

found in the interview responses. Female physicians expressed

higher satisfaction or lower frustration. They explicitly identified

the use of the general search bar and filters in the EHR, which may

explain their greater efficiency and satisfaction. When retrospec-

tively reviewing each participant’s screen capture video, we vali-

dated that female physicians did indeed use the search function and

the filter feature a lot more than male physicians id. This led them to

a better search process, quicker review of information, and a less

frustrating experience. If this feature represents a more efficient and

user-friendly way to navigate patient charts for some clinical tasks,

then women’s differential use of this feature may help explain the

observed correlation with efficiency and satisfaction, and may also

represent an opportunity for improved EHR training. In general, a

large majority of study subjects voiced major difficulties finding im-

portant information in EHRs; arguing that EHRs contribute to pro-

fessional burnout.

A large majority of subjects experienced major difficulties find-

ing important information in EHRs, arguing that EHRs contribute

to professional burnout.

Previous studies have shown that physician gender may influence

quality of care.34–36 However, none of these studies investigated

whether EHR challenges were a factor in these patient outcomes.

The consistent association between gender and the objective and

subjective outcomes observed in this study warrants further investi-

gation. Potential explanations for this relationship may include

gender-specific differences in attention to detail.34 Furthermore, we

note that our findings contrast with other large scale studies demon-

strating higher rates of burnout among female physicians37; our

findings add nuance to the growing body of work examining physi-

cian burnout, and the inverse relationship between burnout and

EHR satisfaction among women in our study suggests a possible

protective effect that warrants further study.

Previous studies investigated gender-related factors regarding

technology acceptance. Gender-related factors were found impor-

tant for promoting technology acceptance among physicians. Al-

though, not statistically significant, these research noted a difference

in acceptance between genders where female providers had higher

levels of acceptance of the technologies.38,39 For example, one study

reported that gender plays a role in how mobile technologies are in-

tegrated into practice by providers.40 Moreover, weak evidence sug-

gested that young male physicians had positive correlations with

EHR use during primary care consultations.41 Our results support

previous findings that there are gender factors influencing technol-

ogy acceptance and use; and builds on previous knowledge by pre-

senting new knowledge showing gender differences in EHR use,

efficiency, and satisfaction.

Strengths and limitations and future direction
Strengths of this study include a mixed-methods approach, high fi-

delity of the simulation EHR cases to actual patient cases, and di-

verse physician roles. Another strength is the study of medical

intensivists’ EHR experience that combines data-intense patient

records coupled with complex coordination of care plans, which

allows for a holistic assessment of EHR usability.

Limitations include a single setting and single-EHR system,

which reduce generalizability. However, we note that Epic is the

most commonly used EHR among acute care hospitals in the United

States.42 The breadth of our mixed-methods testing limited the over-

all sample size, and the relatively small sample size could have led to

a chance finding or sampling bias. The slight imbalance in

gender representation in the attending physician group may have in-

troduced bias. However, we note that the literature indicates that

85%-97% of usability issues emerge with a sample size of 5-15 par-

ticipants31–33; our sample (n¼25) exceeds the conventional usabil-

ity study standards, which adds credibility to our findings.

The focus on the MICU, while possibly comparable to other ICUs

and very complex inpatient settings, may limit the generalizability of
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the findings to other medical areas and specialties. Additional re-

search in other settings will be needed to explore wider generalizabil-

ity. Also, although consistent gender differences arose, it is probable

that EHR satisfaction rates may have been influenced by the nature of

the medical specialization explored in this study.

Future work should investigate the potential ramifications of

such gender-based usability patterns with respect to patient out-

comes. This study detected different EHR usability patterns based

on gender suggesting distinguishable satisfaction and burnout levels.

Although there were slight differences in performance, more re-

search is needed to investigate the effect of these usability gender-

differences on patient safety and the long-term well-being of

physicians. Furthermore, more studies are needed to assess the im-

pact of EHR use on other professional roles such as nursing, phar-

macy, and other health professions.

CONCLUSION

Among ICU physicians, we observe significant gender-based differ-

ences in perceived EHR workload, satisfaction, and usability, which

correspond with similar and objective patterns in EHR efficiency.

We also find a consensus around challenges finding information in

EHRs. Findings suggest that EHR redesigns and tailored EHR train-

ing may improve EHR use. Understanding the reasons for these dif-

ferences may provide insights to improve physician performance,

efficiency, and satisfaction with EHRs, as well as combat physician

burnout.
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