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Abstract

Background: Usability gaps between current and future
improved Electronic Health Record (EHR) system
designs exist due to insufficient incorporation of User-
Centered Design (UCD) principles during System
Development Life Cycle (SDLC).

Objectives: To evaluate the usability aspects of a
commonly used EHR system specific to clinical notes
usage from attendings’ and residents’ standpoints by
analyzing objective measures of users’ performance and
their subjective perceptions employing mixed methods
approach.

Methods: Usability of a commercial, inpatient EHR
clinical notes documentation interface was analyzed from
standpoints of two provider groups employing two
standardized patient cases. Both objective and subjective
data were collected from attending (n=6) and resident
physicians (n=8) through usability testing employing a
mixed method approach.

Results: The study results suggested that (i) EHR
usability and desirability is influenced by user
characteristics, (ii) workloads associated with H&P and
progress notes writing are perceived differently between
two groups, (iii) repeated task performance improves
user efficiency and (iv) user performance is correlated to
their subjective system assessments.

Conclusion:  Understanding usability of clinical
documentation interface from perspectives of two
different user groups, provides interface designers with
an opportunity to develop an EHR system centered on
UCD principles.

Keywords: Electronic Health Record (EHR); User-
Computer Interface; Documentation

Introduction

While Electronic Health Record (EHR) systems
have been widely adopted with the ultimate goal of
improved health care delivery (1), substantial gaps
exist between the current state of EHRs and their
potential usefulness (2). Poor EHR usability
appears to be a major factor for this discrepancy
(2). To facilitate optimal end product usability, it is

critical to understand end users’ “usage behavior”,
considered a core feature of a User- Centered
Design (UCD) approach (6,92). The UCD
philosophy is that “the final product should suit the
users, rather than making the users suit the
product” (70). According to the International
Organization for Standardization (ISO)-framework
used in this research study, usability is defined as
the, “extent to which a product can be used by
specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a
specified context of use” (93). Similarly, in EHR
design, user involvement throughout the System
Development Life Cycle (SDLC) can facilitate the
development of systems that are easy to learn and
remember, efficient, minimize errors and improve
user satisfaction (94), which could improve EHR
adoption and better patient outcomes (9)

Despite the critical role of the Human Computer
Interaction (HCI) in the SDLC process (66), it is
often neglected during EHR interface design.
Usability studies on EHRs’ clinical decision
support system and user interfaces for medical
equipment have been done in the past (21,22), but
there are not many studies focusing on clinical
notes documentation within an EHR interface (24-
27), with only few studies done on usability
evaluation and prototyping of clinical notes user
interfaces in the medical domain (24- 29).
Similarly, usability of a system could vary with
vendor types and user profiles (e.g., clinical
experience, EHR training, age, gender, technology
skills). However, few research studies incorporate
usability  comparisons  from diverse user
perspectives (e.g., expert users vs. novice users;
physician vs. patients; users vs. usability experts)
(34).

Usability testing is accepted as the most
effective usability methodology with greatest
strategic impact (45). It is an “activity that focuses
on observing users working with a product and
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performing tasks that are real and meaningful to
them” (66). The purpose of this study is to quantify
EHR usability around inpatient notes usage
focusing on the clinical note documentation and
clinical note viewing interface, an area that poses
tremendous challenges to physicians and other
clinicians working under time limitations (25).
Both objective and subjective data on users’ task
performance were collected from two user groups
(i.e., attendings and residents) and analyzed via
usability metrics as defined by ISO (ie.,
effectiveness, efficiency and satisfaction) (33).
Supplementary data were also analyzed for
subjective workload using the NASA-TLX
instrument (26) and system desirability with
Product Reaction Cards (PRC) (37). The insight
gained through this research provides an
opportunity to better understand EHR usability
around clinical documentation fromthe standpoints
of two provider groups and identify usability gaps
to benchmark future EHR design.

Methods

This research study evaluated the usability of an
enterprise EHR (Epic Systems Corporation) system
at Fairview Health Services, University of
Minnesota Medical Center (UMMC). The study
specifically focused on clinical documentation
tasks (e.g., H&P and progress note-writing).
Scenario-based usability testing was conducted on
two

high fidelity simulated test patient charts (22) in an
Epic test environment replicating the real work
environment, both in design and functionality.
Testing was done at the usability laboratory.

Study Sample

Physician participants (n=14) were from two user
groups: attendings (n=6) and residents, excluding
interns (n=8). Participants were in all cases either
trained in Internal medicine or Family medicine
with past and/or current inpatient experience with
the Epic  Fairview EHR. Detailed user
characteristics categorized are summarized in Table
1

Table 1-Users charactensfics
Aw  Clmicl Techmlsy Epc Epic
ME) EBp.  Ep Eyp. proficiency
{Yry) (Yrs)

IWE = Somenhat 310 Awpe
4F  *10 L P10 Awngs
nf = Somenhat 3100 Awne
$4E 20 Vay »10  Droficient
WL = Somewhat <3 Proficint
oL =i Somenhat 310 Awpe
WE =5 Somewhat <3 Awng
nE =i Somemhat < Awne
mdh =i Somemhat <3 Awpp
WE =i Somewhat < Awng
nan =i Somemhat <3 Droficent
B =5 Vary €5 Droficient
nan =i Somewhat <3 Proficent
nE = Somemhat < Awne

A=Attendings; R=Residents; Clinical Exp.:
Clinical Experience (Residency training and
later); Epic Exp.: Total years of experience

using Epic

Participation ~ was  voluntary  and
participants received $50/hour. Each session was
2.5-3 hours long and each physician was at least 24
hours off night call on his or her day of data
collection. The study protocol was approved by the
Institutional Board Review.

Data Collection and Analysis

Two simulated, high fidelity test patient charts with
rich, realistic clinical data were created in an Epic
test environment to provide scenario-based EHR
usability testing (38). Patients were built from
representative cases after extensive discussion
among five experts: the lead EHR physician trainer
(MS) and four physicians in formaticists (RR, TA,
GMM & EA). Patient cases with similar
complexities were selected using a Charlson
weighted comorbidity index and number of prior
admissions, clinic visits, and clinical notes. In both
clinical scenarios, patients with a history of hronic
Obstructive Pulmonary Disease and Congestive
Heart Failure presented in the emergency
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department with sudden onset shortness of breath.
Each participant was assigned two patient cases in
a random order employing an online randomization
tool (43). A Randomized blocked design approach
was used to create balanced distribution of test
patients across two groups. Each participant
performed the same tasks of entering a H&P and a
day 1 progress note, on each test patient’s chart.

Raw data was extracted employing Tobii
studio version 3.45 and was evaluated in three
ways: (a) user satisfaction, via the System Usability
Scale (SUS) questionnaire (100,101) (b) efficiency,
via time on tasks, key presses, & mouse clicks and
(c) effectiveness, via note quality using the
Physician Documentation Quality Instrument-9
(PDQI-9) (23) and overall Gestalt judgment (43).
Data from each user group was also analyzed for
subjective workload index using the NASA-TLX
questionnaire (32) and system desirability via
Product Reaction Cards (PRC) listing 118 words
(33). All participants were asked to circle their top
5 choices, which were later compiled as a word
cloud and Venn diagram to visualize total and
unigue word selection by each user group.

Note quality assessment was performed by
two co-authors/physicians (RR and TA), using
standardized metrics as previously reported with

-
A

the Physician Documentation Quality Instrument-9
(PDQI-9) (33) and overall Gestalt judgment (12).
Pretesting of these instruments for note quality
assessment was conducted on a set of unrelated
notes to ensure that both reviewers shared a
common understanding of item scoring. Once
consensus was achieved, both evaluators reviewed
and assessed approximately 14% of notes (8 of 56
notes). The consistency in quality assessment was
checked by inter-coder agreement with final mean
agreement for PDQI-9 of 81% (kappa=0.69) and
Gestalt scoring of 87.5% (kappa=0.71). We report
summative statistics using SAS enterprise guide 5.1
and StatPlus LE 6.0.3 (a statistical software plugin
for Macintosh), with means and standard deviation
(sd).

Results

While not statistically different, user satisfaction
with respect to overall usability of clinical note
documentation was perceived worse by attendings
(mean SUS = 60.8 + 15.6 (i.e., marginal usability)),
compared to residents (mean SUS = 73.4 %135,
(i.e., acceptable usability)), despite longer average
Epic experience among attendings (> 5 years,
n=5/6) compared to residents (< 5 years, n=8/8).
The SUS and their interpretation

(101) are illustrated in Fig.1.

Mean SUS=60.8

MMean 8TUUS=T3 .4

SUS score

Umnacceptable Marginal
i

100 =135

5-105-105-10>10<55-10 <5 <5 <5 <5 <5 <5 <5 <5
Al A2 A3 A4 AS A6 R1 R2 R3 R4 RS R6 R7 RS

Attendings
Yearsof experince in E pic

fosiot 13 5%
L ===

10300000

Res=idents

Figure 1-5US based on users’ characteristics

Efficiency was quantified based on time ontask, key presses,and mouse clicks. H&P writing was more time-
intensive than progress notes for both attendings (26.2 + 9.7 vs. 14.0 = 6.4 minutes) and residents (24.2 + 7.7 vs.
12.3 =45 minutes). Residents took slightly less time than attendings writing both H&P (24.2 + 7.7 vs.26.2 *
9.7 minutes) and progress notes (12.3 +4.5 vs. 14.0 +6.4 minutes). Time on task decreased from the 1% to 2nd
patient, except for progress note-writing among residents (Fig. 2).
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Mean=262
zd==0.7)

Mean=242
frd==7.7}

Time to task in minntes
-
L

Progress
note

Aftendings

Mean=113 Test patient-1

MTest patient-2

H&P

Progress
note

Residents

Figure 2-Time to tasks comparison between two user groups

More key presses (KP) and mouse clicks (MC) were observed with H&P as compared to progress note-
writing for both attendings (KP=2,644 + 1535 vs. 1,433 + 682, MC=201 + 83 vs. 126 + 60) and residents
(KP=3468 + 1,199 vs. 1,758 + 689

MC=214 +82 vs.112 +46) with residents generally performing more key presses and mouse clicks compared
to attendings with exception of progress notes where attendings had more mouse clicks. The number of key

presses and mouse clicks decreased from the 1% to 2nd patient, except for number of mouse clicks by residents
during progress note-writing (Fig. 4.3, 4.4).

5000 Mean=2.644 Mhean=3 468
E (ag==1.537) {1d==1109)
4000
= 3000 Me.an—l A33 . Mean=1758 ?jB-Test patient-1
B d==088)
2000

l Test patient-2

=

1000
H&P  Progress
note

Aftendings

HE&P Progress
note

Residents (Mean)

Figure 3-Number of key presses comparison between two user groups

30

300 MMean=201 Mean=214
E 250 (fed==353) fed== 82)
S 200 — Mean=126 _H_Em_'_'_:_'l'gst patient-1
E 150 — (ag== 60) (sg=x4d)

B Test patient-2

% 100 — P
7]
=

0
H&P Progress H&P Progress
note note
Aftendings F esidents

Figure 4-Number of mouse clicks comparison between two user groups
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Effectiveness, as measured through PDQI-9 scores on note quality showed no quality differences
between H&P and progress notes by attendings (34.9 £ 3.8 vs. 34.8 £ 4.8), though resident progress notes were
slightly higher quality than H&P notes (35.5 +

6.3 vs. 33.8 £ 4.0). Attendings’ H&P notes (34.9 + 3.8 vs. 33.8 + 4.0) and residents’ progress notes (35.5 + 6.3
vs. 34.8 + 4.8), showed only minimal quality differences. No noticeable differences in note quality between
attending and residents were detected through Gestalt scoring both for H&P (3.7 £ 0.7 vs. 3.8 + 0.8) and
progress notes (3.9 +

0.9 vs. 4.0 +1.0). PDQI-9 scores increased from the 1% to 2" patient, except for residents’ progress notes (Fig.
5).

Mean=3490 Mean=348  Mean=33 38 Mean=333

36 (=233 (g5=%4.8) (ggd=4.0) (wd=%6.3
E 33 W Test patient-1
234 —
E W Test patient-2
= 33
]
=32

31

H&P  Progress note Progress
note
Attendings Residents

Figure 5-PDQI-9 scores cn!mparisnn between two user groups

The NASA-RTLX questionnaire revealed that H&P note-writing had higher overall workload (OW) than
progress note-writing among both attendings (27.8 £ 11.4 vs. 27.2 + 16.0) and residents (33.6 + 16.7 vs. 22.5 +
10.2). Residents also had considerably higher subjective OW for H&P note-writing (33.6 £ 16.7 vs. 27.8 +
11.4), while attendings had higher subjective OW for progress note-writing (27.2 + 16.0 vs. 22.5 £ 10.2). There
was no effect of patient order on perceived workload (Fig. 6).

Mean=278 Mean=33 6

40 (gg==114) Mean=272 (Ed==I6.7)
ER fed=I e 0 Nlean=2273
§ k11] i Testpatient-1
B 25 —
= 20
71—
% 10 WTest patient-2
S s

1]

HE&P Progress HE&P Progress
note note
Aftendings Residents

Figure E—NAEA—RTLX scores comparison between two user groups
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Pearson correlation coefficient calculations were performed on the data after visually inspecting the distributions
for normality. The results showed some correlation between metrics: NASA & SUS (-0.79 vs. -0.55 i.e., strong
negative), NASA & Gestalt (-0.27 vs. -0.26 i.e., fair degree of negative), PDQI-9 & Gestalt (0.82 vs. 0.70 i.e.,
strong positive), Gestalt & SUS (0.39 vs. 0.30 i.e., fair degree of positive). Other metrics showed weak or no
correlation: PDQI-9 & SUS (0.13 vs. 0.14), time on task & PDQI-9 (-0.18 vs. 0.10) and time on task & Gestalt
(0.23 vs. 0.20). System desirability analysis compared the proportion of positive vs. negative terms from a
comprehensive list of 118 words ~ (97). A higher percentage of positive as compared to negative words were
selected both by attendings (63% vs. 37%) and residents (73% vs. 28%). Attendings selected a higher
percentage of negative words (37% vs. 28%) while residents selected a higher percentage of positive words
(73% vs. 63%) words respectively as depicted in the word cloud images (Fig 7). Similar results were seen for
unique word selection as shown in the Venn diagram.

Annoying (1) Boring (1) Comfortable (1) Complex (1) Comprehensive (1)
Confusing (1) Convenient (1) Customizable (1) Easy (1) Efficient (2) Empowering
(1) Essential (1) Ex pected (1) Familiar (2) Fast (1) Frustrating (1) Impersonal (2)
Overwhelming (1) Quality (1) Sophisticated (1) Time-Consuming (1) Time-Saving
(1) Understandable (1) Unre? ned (1) Useful 2) Valuable (1)

Attendings’ word cloud: Each attending selected 5 words i.e., total 30 words
(6x3), number of positive words=19 (63%), manber of negative words=11 (37%),

Appealing (1) Business-like (1) Busy (2) Clear (1) Complex (1) Comprehensive
(3) Consistent (1) Customizable (4) Dull (2)E ffective (1) Efficient (1)
Familiar (3)Flexible (1) Frustrating (1) Integrated (1) Intuitive (1) Old (1)
Organized (2) Overwhelming (1) Personal (1) Slow (1) Stable (1) Sterile (1) Time-
consuming (1) Time-saving (1) Understandable (1) Usable (3) Useful (1)
Residents’ word cloud: Each resident selected 5 words ie., total 40 words (8xJ),
number of positive words=29 (73%), number of negative words=11 (28%)

Negative Negative

Attendings

Figure 7-Product Reaction Cards selected by attendings and residents

Discussion resident physician perspectives. EHR usability, as
quantified through objective measures of user
performance and their subjective perceptions,
varied with each group, note type, and repeated
tasks. Varying degrees of correlation were also

This research study is an important initial step
towards understanding the usabilty of EHR
clinical notes documentation from attending and
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discovered between variables, suggesting that user
performance is related to their subjective system
assessments. The insight gained through this
research provides an opportunity to better
understand EHR clinical documentation usability,
identify and address existing usability gaps, and
establish benchmarks for future EHRs.

Based on the SUS, residents perceived the system
to have “acceptable usability” while attendings
perceived the system to have “marginal usability”,
despite attendings having more experience with
Epic than residents. Similarly, system desirability
was considered better among residents compared to
attendings, with a higher percentage of positive
words used to describe the system. Since residents
are generally exposed to EHRs early in their
medical training and tend to have little exposure to
traditional paper charting, this may explain more
favorable responses to EHR usability and
desirability. Additionally, resident participants,
predominantly males, tended to be younger, and
rated themselves as having more technical
experience, leading to easier technology adoption
(Table 1). Thus, user characteristics appear to be a
critical factor for EHR usability.

In terms of efficiency, as quantified by time on
task, key presses and mouse clicks, attendings and
residents both took significantly more effort with
H&P compared to progress note-writing. Residents
perceived less subjective workload associated with
progress notes suggesting that residents were more
at ease in writing progress notes. A potential reason
for this is the nature of progress note-writing task
itself, which is more repetitive and most likely to
be influenced by a system’s usability (e.g., copying
and pasting, auto population, multiple screen panel
functionalities.). In comparison, attendings showed
less subjective workload with H&P writing
suggesting that they are better skilled in writing
H&P notes, a cognitively demanding task which
involves providing a reason for admission and
providing initial patient management direction.
Thus, targeted note documentation training of
physicians where there is a lack of proficiency
(e.g., H&P among residents and progress note in
attendings), would be a reasonable approach to
consider. No noticeable difference in note quality
between attending and residents was detected
through Gestalt scoring.

Generally, efficiency improved as users performed
the same note-writing tasks on the 2nd patient with
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