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Due to its early role in the medical referral process, the
consultation order is a focal point for breakdowns in commu-
nication about referrals. Both referrers and consultants agree
that the current approach to referral communication is flawed,
and poor usability of electronic health record (EHR) user in-
terfaces (Uls) is a contributing factor (Mehrotra, Forrest, &
Lin, 2011; O’Malley & Reschovsky, 2011; Zuchowski et al.,
2015). To improve EHR Uls for ordering consultations, ex-
perts have recommended including these features: a list of
consulting services, integrated clinical information (e.g., rele-
vant diagnostic test results), referral guidelines (e.g., when not
to order a consultation), clear options for communicating ur-
gency (e.g., urgent or routine), and multiline free-text fields,
including one field to indicate the reason for consultation
(Bergus, Emerson, Reed, & Attaluri, 2006; Esquivel, Sittig,
Murphy, & Singh, 2012; Militello et al., 2016). Our objective
was to assess users’ reactions to these recommendations with a
comparative usability evaluation. We designed a UI prototype
for consultation orders that incorporated the aforementioned
recommendations. We hypothesized that the prototype would
elicit more positive comments about its usability than would
the UI of a currently available EHR (a control UI).

Using Axure RP 7 (Axure Software Solutions, San Diego,
CA), a Ul prototype was built for selecting a consulting ser-
vice and ordering a consultation (Militello et al., 2016). Next,
the prototype was evaluated by potential users from an urban
medical center. Primary care clinicians who ordered consulta-
tions were recruited. The evaluation was conducted in a labor-
atory set up to simulate a clinician’s office with a desktop
computer (Russ et al., 2012). The prototype was a set of web
pages presented in a maximized browser window. The control
UI was a simulated instance of the Computerized Patient Rec-
ord System, version 1.0.30 (Department of Veterans Affairs,
Washington, DC). Working individually, clinicians completed
three clinical cases with one UI and three similar cases with
the other UI. To meet the requirements of a larger evaluation,
each clinician was presented cases in the same order for both
Uls. To limit order effects, case order was randomized be-
tween clinicians, and Ul order was counterbalanced. Addition-
ally, to mitigate carryover effects, clinicians completed a dis-
tractor task between Uls. A concurrent think-aloud (TA)
method was used to elicit procedural and evaluative comments
about both Uls (Boren & Ramey, 2000; Russ et al., 2010). At
the beginning of each sitting, the TA procedure was introduced
with a one-minute demonstration video (Nielsen, 2014). To
permit undisturbed measurement of task time for the larger

evaluation, TA was used for only the first two cases per UI,
similar to other research (Russ et al., 2014). After three clini-
cal cases with the first UI and some tasks related to the larger
study, the clinician was introduced to the second UI and its
associated clinical cases as before. Including procedures for
the larger study, each clinician’s participation lasted approxi-
mately one hour. TA comments were coded by topic and cate-
gorized as positive, neutral, or negative. Using proportional-
odds cumulative logit regression modeling with the ordinal
response (positive, neutral, negative), differences were tested
in the probability of having more positive evaluative com-
ments between the two Uls. The logit model included a ran-
dom intercept for each clinician to account for correlation of
responses from the same clinician (Brown & Prescott, 2015)
and fixed effects for UI and comment topic.

Thirty clinicians completed all six cases. The median clin-
ical experience was 17 years, with 13 years in the current
health care system (range 3—40 for both). Across the two Uls,
619 comments were recorded: 198 positive, 111 neutral, and
310 negative. Clinicians provided a median of 18 comments
(range 8—50). Most of the comments about the protoype (59%)
were positive, whereas significantly fewer of the comments
about the control UI (7.9%) were positive, OR = 13.5,

95% CI [9.2, 19.8], p < .001 (adjusted for topic, p = .001).
Most clinicians (26 of 30) reported that they preferred the pro-
totype over the control Ul Reasons for this preference includ-
ed screen layout, ease of use, clarity of instructions, and ease
of template discovery. The prototype also elicited concerns,
primarily that new terms were not defined. For example, clini-
cians expressed uncertainty about the differences among the
prototype’s three levels of urgency: stat (“immediately”), rou-
tine, and urgent. Clinicians characterized the control UI as
problematic in its ease of use, workflow fit, and visual layout,
all of which impeded decision making and task completion.

In summary, using the TA elicitation method during a
simulation, we identified insights into how referring clinicians
perceive Uls for ordering consultations. Our usability evalua-
tion was limited to a single site at which all clinicians used the
control Ul regularly. However, our results demonstrate usabil-
ity enhancements from the cited design recommendations and
support their implementation. Future studies are needed to
assess the impact of these UI usability enhancements on the
quality of referral communication in clinical settings.
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