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Abhstract Objective: Computerized clinical reminders (CRs) were designed to reduce clinicians’ reliance
on their memory and to present evidence-based guidelines at point of care. However, the literature indicates that
CR adoption and effectiveness has been variable. We examined the impact of four design modifications to CR
software on learnability, efficiency, usability, and workload for intake nursing personnel in an outpatient clinic
setting. These modifications were included in a redesign primarily to address barriers to effective CR use

identified during a previous field study.

Design: In a simulation experiment, 16 nurses used prototypes of the current and redesigned system in a within-
subject comparison for five simulated patient encounters. Prior to the experimental session, participants completed
an exploration session, where “learnability” of the current and redesigned systems was assessed.

Measurements: Time, performance, and survey data were analyzed in conjunction with semi-structured debrief

interview data.

Results: The redesign was found to significantly increase learnability for first-time users as measured by time to
complete the first CR, efficiency as measured by task completion time for two of five patient scenarios, usability as
determined by all three groupings of questions taken from a commonly used survey instrument, and two of six
workload subscales of the NASA Task Load Index (TLX) survey: mental workload and frustration.

Conclusion: Modest design modifications to existing CR software positively impacted variables that likely would
increase the willingness for first-time nursing personnel to adopt and consistently use CRs.

® ] Am Med Inform Assoc. 2007;14:632-640. DOI 10.1197 /jamia.M2163.

Introduction

Medical care is not consistently delivered in the United
States.'™® Computerized clinical reminders (CRs),* a form of
automated decision support, are designed to improve qual-
ity of care by reducing reliance of healthcare providers on
their memory and by presenting accepted clinical guidelines
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at point of care. Computer-based decision suppczrt, includ-
ing CR systems, increase adherence to guidelines. However,
CR effectiveness is quite variable.®"'° For example, CRs have
been demonstrated to increase adherence to some preven-
tive care guidelines, but not others.'® Within the Veterans
Health Administration (VHA), there also exists variation in
adherence to CRs by clinic, individual clinician, and indi-
vidual CR.® Previous research in the VHA using ethno-
graphic observation'"” '? and survey'® * helps explain this
known variation in CR effectiveness by identifying several
organizational, workflow, and interface design barriers and
facilitators to clinician use of CRs.
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Patterson and colleagues identified barriers to the effective
use of ten CRs used for HIV care.!* These barriers included
workload, time to remove inapplicable reminders, false
alarms, training, reduced eye contact, and the use of paper
forms rather than software. A survey of VA providers in
2003 supported these barriers and also found that poor
usability, accessibility (i.e.,, slow computer speed, not
enough workstations), and a perception that administration
benef1ts more than providers were additional barriers to
use.” " A recent observational study that focused on general
medlcme clinics and all clinicians confirmed many of these
previous results and discovered a key barrier not found in
the previous studies: coordination issues between nurses
and providers, including confusion of responsibilities for
satisfying particular CRs."?

Usability of Clinical Information Systems

Many of these barriers to the use of CRs relate to usability
and human-computer interaction (HCI). Usability and HCI
have a rich literature base outside of healthcare. However,
empirical work on usability of clinical systems is not as
large. Kushniruk and Patel provided a Comprehensive meth-
odological review of cognitive and HCI methods'® such as
usability testing, cognitive task analy51s, and heuristic
evaluation'” for evaluation of clinical information systems,
including the importance of formative usability testing
throughout the development process of a clinical informa-
tion system in order to provide prompt and actionable
feedback to developers prior to final implementation. Us-
ability testing has been performed to evaluate clinical infor-
mation systems'® '®*?! and can range in formality from
informal qualitative studies with a few participants for
exploratory purposes to a controlled laboratory simulation
with a large number of participants for statistical compari-
sons across usability design metrics. The simulation study
reported in this paper is reflective of the latter type of
evaluation.

Approach and Hypotheses

Based on the findings from previous research,''™* we pro-
totyped a redesign of the VHA CR system to reduce some of
the barriers to CR use and conducted a laboratory simula-
tion experiment to compare the redesign against the current
CR system. We specifically based our redesign on two
findings from the previous research that could be explicitly
addressed at the computer interface level: nurse-physician
coordination and poor usability. Barriers that relate more to
clinic workflow and/or organizational issues were not in the
scope of the present study and may be addressed by means
other than interface redesign.

We hypothesized that the redesigned CR system would be
(1) more “learnable” for first time users, (2) more efficient to
use, (3) perceived as easier to use, and (4) perceived to have
lower workload during its use than with the current CR
system. We expect our findings to be relevant to healthcare
organizations that currently use or are planning to imple-
ment computerized decision support systems. With the
United States Congress advocating a national transition
from paper-based to electronic medical record systems in
the next ten years, this study may provide useful insight for
incorporating automated decision support capability from
the beginning, reducing the need for costly changes at a later
date.

Participants

We recruited 16 non-VHA nurses to participate in a com-
parison study of the current VHA CR system and a rede-
signed prototype. A complete description of VHA Comput-
erized Patient Record System (CPRS) and CRs, with
supporting illustrations, is available is other articles'"” '*
and not included here to conserve space. We decided to plan
a separate, future study for physicians because the workflow
for the two users groups is quite different, as well as their
interaction with the CR system. The nursing participants
were all experienced with patient check-in/intake in outpa-
tient clinic settings, but had no experience with the VHA’s
CPRS software so as not to bias one design over the other.
Computer experience ranged from novice to expert. All
participants were Registered Nurses (RNs), and one partic-
ipant held the additional status of Nurse Practitioner (NP).
Each nurse was given a $50 gift certificate for his/her
participation.

Apparatus

Physical set-up

The experiment, approved by the University of Cincinnati’s
Institutional Review Board, was conducted at the Veterans
Administration (VA) Getting at Patient Safety (GAPS) Cen-
ter’s Usability Laboratory, located at the Cincinnati VA
Medical Center. The usability laboratory was a closed set-
ting, designed to simulate a clinic room in a typical VHA
ambulatory clinic. Details of an actual clinic room, not
directly related to CPRS-related tasks, were not simulated
(e.g., physical exam instruments). Participants used a clinical
computer workstation, and a researcher who played the part
of the patient for the experimental session was seated next to
and facing the nurse participant, as many of the actual VHA
clinics are arranged. The experimenter’s station consisted of
media recording devices and a slave LCD TV monitor to
observe the participant’s screen. We recorded audio and two
video sources, one of the computer screen interaction and
one of the participant’s face.

Prototypes

The redesigned prototype was programmed in Hyper Text
Markup Language (HTML) as a low-fidelity mock-up. In
other words, screen captures of the current design were used
as a visual base and then redesigned. Links and buttons
were made interactive to mimic the actual function of how
the CRs would work if fully programmed. To enable us to
compare the redesign with the way the current system
functions, we also “prototyped” the current system in the
same fashion so that both designs were at the same simula-
tion fidelity level.

The redesigned prototype (B) differed from the current
design (A) in four ways: (1) In design B, CRs were prefaced
with a ‘P” or ‘N’ for primary care provider or nurse, (2) CR
dialog boxes were accessible directly from the cover sheet
via a single mouse click rather than through the new
progress note submenu, (3) CR dialog box formats were
standardized; information was displayed as What, When,
Who, and More Information, and (4) an electronic visit
checklist feature was added which summarized tasks the
clinician should complete during the patient encounter as
well as other relevant clinical information (Figure 1). The
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nurse/provider role assignment.

design changes we implemented were guided by the HCI
literature. Nielson derived a set of nine general interface
design principles from the HCI literature that are widely
used today.® Table 1 shows how each of these design
changes are mapped to HCI design principles from the
literature.

Four design changes were implemented, primarily to ad-
dress barriers to effective CR use identified during a field
study observing both intake nurses and primary care pro-
viders using CRs during patient encounters in four VHA
outpatient clinics.'” Two barriers that we focus on from this
previous study are nurse-physician coordination and poor
usability, as these barriers could be explicitly addressed at
the computer-interface level. By poor usability, we mean the
seemingly inadequate visibility and accessibility of the CRs,
as well as the observed difficulty in navigating the CR dialog
boxes to satisfy them efficiently.’> Two design changes
targeted improving the learnability and usability of the
system for first-time users, such as the resident physicians
who were found to use CRs less than others: 1) accessing CR
dialog boxes by clicking directly on the names of CRs on the
interface prior to opening a progress note, and 2) prefacing
the CR names with N’s and P’s to clarify which CRs were

Design B includes an electronic visit checklist (right side). Note the CRs are prefaced with ‘N’s and ‘P’s for

assigned to intake nurses and physicians, respectively. Note
that, although these changes targeted first-time users, expe-
rienced users could also benefit. The first design change
requires fewer “clicks” to remove a CR, thereby improving
efficiency, and the second design change could reduce
confusion due to “floating” personnel between clinics with
different assignments and changes in responsibility over
time, which was found to occur both from physicians to
nurses and nurses to physicians in the prior study for a
variety of reasons. We designed simple access to the CR
dialog boxes to help address the barrier of poor usability
found in previous research.'® '* Prefacing the CRs with role
assignments to reduce confusion was a specific attempt to
address the barrier of coordination issues between nurses
and providers.'?

Like the first design change, the third and fourth design
changes also targeted the poor usability barrier to CR
use.'”* Standardizing the formatting of text on dialog
boxes that were used to remove “due” CRs was the third
design change. Grouping and standardizing information
presentation was expected to increase efficiency and usabil-
ity. In addition, in several cases, observed care providers
erroneously judged that the CR software had a “glitch”

Table 1 = Mapping Design Changes to Interface Design Principles

Design Changes to Prototype

Corresponding Interface Design Principle(s)*

(1) Prefacing CRs with a ‘P’ or ‘N’ for primary care provider or nurse

(2) Making CR dialog boxes accessible directly from the cover sheet
(3) CR dialog box formats were standardized
(4) An electronic visit checklist to summarize tasks

Consistency and Standards, Error Prevention

Flexibility and Efficiency of Use

Consistency and Standards, Simplicity and Aesthetic Integrity
Memory, Visibility of System Status

CR = Clinical Reminder.
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Table 2 m Clinical Reminders for Patient Scenarios

Scenarios Clinical Reminders

1A, 1B* Pain Screening

2A, 2B Colorectal Cancer Screen, Hypertension Screen, Influenza Vaccine, Pneumococcal

3A, 3B Advance Directives Screen, Colorectal Cancer Screen, Depression Screen, Hypertension BP >140/90, Hypertension Screen/
BP Check, Influenza Vaccine, Pain Screening, Pneumococcal, Tobacco Use Screen

4A, 4B Alcohol Use Screen, IHD Aspirin Therapy Use, Hypertension Screen/BP Check, Nutrition/Obesity Screen, PTSD Screen

5A, 5B Hypertension Screen/BP Check, Pneumococcal, Tobacco Screen

6A, 6B Diabetic Eye Exam, Diabetic Foot Exam, Exercise Screen, Healthwise Book, Hypertension BP>140/90, Hypertension

Screen/BP Check, Influenza Vaccine, Nutrition/Obesity Screen, Pain Screen, Tetanus Diphtheria

*CRs prefaced with ‘N’ or ‘P’ for nurse or provider, respectively, in all design B scenarios (1B-6B).

because they did not understand why the CR applied to that
patient. Displaying the variables which triggered the CR
was expected to reduce frustration and workload.

The final design change, an electronic checklist that summa-
rized tasks to complete during a patient encounter, was
designed primarily for primary care providers rather than
intake nurses. However, since the checklist would be view-
able by nursing personnel as the interface is not tailored to
roles, we were interested to see if the presence of the
checklist would cause any unintended effects, positive or
negative, for the study participants.

Procedure

Exploration Session

Each participant was introduced to designs A and B, in a
counter-balanced fashion (i.e., participant 1 used design A
first, participant 2 used design B first, etc.). Each participant
was given brief written instructions to satisfy a Pain Screen-
ing CR for each design, with relevant patient information
necessary to satisfy the CR. Time to satisfy a single Pain
Screening CR without prior training was recorded automat-
ically through the time-stamped digital video recording,
with a maximum time limit of five minutes per design. We
used this time measurement as an a priori measure of
learnability for first-time users. Participants were presented
with both designs so that they had equal exposure to each,
but only the data from the first design presented, design A
or B, was used in the statistical analysis to eliminate the
carryover learning effect. After completing the CR task for
both design A and B and before the experimental session,
participants received five minutes of training on completing
CRs using each design, with the same counterbalanced
design order. We provided training to participants to give
them the similar training related to the CR system that new
VA employees receive prior to using the CPRS.

Experimental Session
Each participant was given instructions to complete five
patient scenarios for each of the designs A and B. The
fictitious patients included both males and females, ranging
in age from 33 to 70 years old, each with multiple health
complaints. Differences between the paired patient scenarios
across A and B were “surface-level” only (e.g., name, social
security number, chief complaint) to reduce variability with
user performance not related to the design of the CRs. With
the assistance of a practicing physician and co-author (MF),
and well as an experienced RN, the patient scenarios were
developed that covered a range of disease areas, gender, age,
medications, and other clinical factors that would substan-

tiate the inclusion of the various CRs listed in Table 2.
During the development of each scenario, the physician and
nurse reviewed the scenario separately and suggested im-
provements to maximize realism in an iterative fashion until
the current scenarios used for the simulation were estab-
lished.

Each scenario simulated an actual patient encounter of a
nursing intake (check-in) appointment, with one of the
authors (JW) playing the role of every patient.

Patient scenario presentation order was randomized for
each participant, and paired across designs A and B to
reduce extraneous variability (i.e., the same randomized
patient scenario order was used for both designs). Design
presentation order A and B were counterbalanced across
participants as in the exploration session and in the same
order of design (i.e., the first participant used design A first
in the exploration session and the experimental design; the
second participant used design B first in both sessions).
Participants completed all five patient scenarios for one
design (A or B) before completing the five scenarios for the
other design. The computerized version of the NASA Task
Load Index (TLX)** *® was administered to the participants
after each patient scenario, a total of ten times per partici-
pant. The usability questionnaire was administered after the
participant had finished all five patient scenarios for both
designs. After the experimental conditions, we conducted a
semi-structured debrief interview to gather additional feed-
back on the redesigned interface.

Data Collection / Dependent Measures

We measured time to complete a CR in the exploration and
experimental sessions for both designs through the time-
stamped digital video recordings. Completion time in the
exploration session was a surrogate measure of “learnabil-
ity” without prior training. Time measurement in the exper-
imental session corresponded to “efficiency”. We adapted a
commonly used usability questionnaire®® *” (see Table 3)
that uses a 7-point Likert-type scale to measure user satis-
faction during the experimental session.

Workload measures were provided by the computerized
version of the NASA-TLX during the experimental session
as well. The NASA TLX is a rating scale commonly used in
human factors research to assess perceived workload across
several dimensions (Figure 2). This scale has been validated
as being sensitive to detect changes in perceived workload
across varying levels of task difficulty** and has been used
in several domains to assess operator workload in complex
environments, including aviation,?® nuclear power plants,*
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Table 3 m Usability Survey*

Questions and Groupings

Group 1

1. Overall, I am satisfied with how easy it is to use this system.

Group 2

15. Overall, I am satisfied with this system.

Group 3
2. It was simple to use this system.

. It was easy to learn to use this system.

N3 O U W

. I can effectively complete my work using this system.
. I'am able to efficiently complete my work using this system.

. Whenever I make a mistake using the system, I recover easily and quickly.
. It is easy to find the information I needed.
. The information in the system is easy to understand.

9. The information in the system is effective in helping complete the tasks & scenarios.
10. The organization of the information on the systems screens is clear.

11. The display layouts simplify tasks.

12. The sequence of displays is confusing.

13. Human memory limitations are overwhelmed.

14. I like using the interface of this system

Questions 11, 12 from Shneiderman questiormaire“; all others from Lewis questionnaire.26'27 See reference sources for instrument

psychometrics.
*Adapted from Common Usability Questionnaires?**"4*

ground transportation,®® and healthcare,®’ as well as tasks

involving long-durance vigilance,®* for example. We used
unweighted TLX scores as the TLX dimensional weighting
procedure has been found to be of limited benefit.>* 3*
Finally, experimenter notes were recorded during each
patient scenario detailing incidents such as inaccurate user
assumptions and incorrect CR completion.

Statistical Methods
The experimental design was a within-subject A vs. B
comparison (the single factor was Design Type). To test
hypothesis (1), that design B would be more “learnable”
than A, we used a t-test to compare the time to complete a
CR with A and B from the exploration session. We used only
the data from the first design each participant was presented
to control for the carryover learning effect. For hypothesis
(2), that design B would be more efficient to use than A, we
used paired t-tests to compare the data for corresponding
scenarios across A and B in the experimental session. To test
hypothesis (3), that participants would have greater user
satisfaction with design B than with A, we grouped similar
usability questions together and used the non-parametric
Wilcoxon Signed Ranks Test to compare the 7-point Likert-
type scale responses across A and B. Responses to a single
Likert-type item are normally treated as ordinal data in
which case a non-parametric test is appropriate. However,
summed responses to several Likert items may be treated as
interval data measuring a latent variable. Thus in the case of
grouped usability questions, we used a paired t-test. For
hypothesis (4), that participants would have a lower per-
ceived workload using design B than with A, we conducted
analysis of variance (ANOVA) for Design Type on the TLX
ratings and conducted paired t-tests for each TLX subscale
(mental demand, physical demand, temporal demand, per-
formance, effort, and frustration level) across design A and
B. We used a 0.05 level of significance for all statistical tests.
One participant’s TLX data was determined to be an outlier
as it trended considerably in the opposite direction of the
same data from the other participants. Further, the partici-

pant’s TLX data trended in the opposite direction from her
TLX data recorded in the exploration session; the TLX was
administered to the participants in the exploration session as
practice. These two contradictions suggest that the data was
mislabeled when it was archived post-test. All data from this
participant, including the performance data and usability
survey responses, were excluded in the analyses and an
additional nurse was recruited in order to retain 16 study
participants. However, we also provide the results with this
outlier included after presenting the results without the
outlier.

We used one-tailed statistical tests to test our hypotheses
since they are directional. However, we also report the
two-tailed test results to give the reader a more complete
view of the findings.

Learnability for First-Time Users

We used time to complete the first CR as a measure of
“learnability” of the interface for first-time users. For the
eight individuals who used design A first, only one partic-
ipant was able to complete the CR task within the five
minute limit. Conversely, for those eight individuals who
used design B first, only one participant did not complete
the CR task within the five minute limit. A one-tailed t-test
shows that time in seconds to satisfy a CR with design B (M
= 141, SD = 84.6) was significantly less than time with
design A (M = 286, SD = 40.3), t(14) = 4.37, p < 0.001. The
two-tailed result also gives p < 0.001.

Efficiency

In the experimental session, time to complete the patient
scenarios with design A and design B was not statistically
significant for three of the five patient scenarios, likely due
to learning effects from the exploration session. However,
participants did take significantly less time to complete two
patient scenarios for design B (4B and 5B) than the corre-
sponding patient scenarios for design A (4A and 5A; Table
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2). A paired one-tailed t-test showed that time in seconds to
complete scenario 4B (M = 264, SD = 114.6) was signifi-
cantly less than with scenario 4A (M = 340, SD = 137.0),
t(15) = 2.23, p = 0.02. The two-tailed result is also significant
at p = 0.04. The same test also showed time in seconds to
complete scenario 5B (M = 112, SD = 43.0) was significantly
less than with scenario 5A (M = 160, SD = 61.2), t(15) = 2.81,
p = 0.007 (two-tailed result significant at p = 0.01) . It is
unclear why these scenarios were different than the other
three. Note that the number of CRs was not the largest (see
Table 2) and that patient scenario order was randomized, so
explanations related to these factors are unlikely.

Usability

We grouped the questions from the 7-point Likert-type
usability survey (1 = strongly disagree, 4 = undecided, 7 =
strongly agree) for analysis by overall ease of use (question
1), overall satisfaction (question 15), and by grouping the
responses for the more detailed usability constructs (ques-
tions 2-14). We established these groupings to avoid exces-
sive paired comparisons, thus reducing the risk of commit-

ting a Type I error. Since questions 1 and 15 relate to ‘overall’
assessment, we decided to group these questions separately.
Table 3 lists the specific questions. Design B scored signifi-
cantly better than A on the single Likert-type items for
overall ease of use (design A: M = 4.1, SD = 1.6; design B:
M = 5.5, SD = 0.8) and overall satisfaction (design A: M =
3.9, SD = 1.7; design B: M = 5.6, SD = 1.2) by the Wilcoxon
Signed Ranks Test, p < 0.05 (two-tailed). Design B scored
significantly better than A for the average responses across
the 13 detailed usability constructs (design A: M = 4.3, SD =
0.3; design B: M = 5.4, SD = 0.3), t(15) = —5.18, p < 0.001
(one-tailed). The two-tailed result also gives p < 0.001.

Workload

An analysis of variance (ANOVA) was performed on the
ratings of the NASA TLX workload dimensions. ANOVA
did reveal a significant main effect of the TLX subscales on
workload, F(5, 75) = 6.76, p < 0.001, but no significant main
effect of overall Design Type on workload, F(1, 15) = 2.53, p
= 0.133. An individual comparison of each subscale across A
and B using paired t-tests did reveal significantly lower
ratings for mental demand, #(15) = 1.84, p = 0.04 and
frustration, t(15) = 2.04, p = 0.03 (one-tailed), but not for the
other subscales. The two-tailed results for mental demand
and frustration are p = 0.09 and p = 0.06, respectively.

Results with Outlier Included

The results of the analysis with the outlier included do not
change the significant results found for learnability, effi-
ciency, or usability. However, the results for the NASA TLX
subscales, ‘mental workload’ and ‘frustration’, would not be
statistically significant with this outlier included: mental
demand, t(15) = 1.36, p = 0.10 and frustration, {(15) = 1.23,
p = 0.12 (one-tailed). The two-tailed results for mental
demand and frustration with the outlier included are p =
0.19 and p = 0.24, respectively.

Unanticipated Effects

The audio and video recordings revealed two unanticipated
effects of the CR design modifications in design B, one
positive and one negative. First, a design modification
allowed participants to satisfy the CRs directly from the
initial cover sheet on the CPRS. An unexpected benefit from
this change was that users were able to view the summa-
rized patient information such as the patient’s problem and
medication lists during CR tasks. Participants reported this
information as helpful in assessing CR relevance to the
patient and entering required information to remove a CR.
In the current design, this data is only visible by switching
tabs when completing CRs. Second, a design modification
streamlined the CR dialog box formatting with a What-
When-Who format to standardize the presentation informa-
tion across CRs. Although most participants responded
positively to this change in general, two participants misin-
terpreted the meaning of “When” to represent the last time
the current patient received the intervention instead of the
frequency the intervention is due for all patients.

Discussion

We explored how learnable, efficient, and usable a rede-
signed interface was for ambulatory clinic nurses, as well as
the impact of the redesign on their workload. We redesigned
the CPRS and CR interface with four design modifications to
specifically target barriers of nurse-physician coordination
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and poor usability found in previous research.'>'* A rede-
signed interface for CRs with these four modest changes was
found to significantly increase learnability for first-time
users as measured by time to complete the first CR. The
redesigned interface was also found to significantly increase
efficiency as measured by task completion time for two of
five patient scenarios, usability as determined by all three
groupings of questions taken from a commonly used survey
instrument, and two of six workload subscales of the NASA
TLX survey: mental workload and frustration.

As with most user-interface testing, there were individual
differences observed in the user data that are useful in
interpreting the results. One strategy to accommodate user
differences is to redesign the interface with the goal of
changing design features responsible for large performance
differences among users.>® This strategy of designing a more
robust interface was the approach we chose by implement-
ing the four design modifications to the redesigned proto-
type, especially the modification enabling users to access
and satisfy CRs directly from the coversheet. This modifica-
tion was meant to reduce the performance gap between
first-time and more experienced users, as we learned from
previous research that many novice users did know how to
access the CRs.'? The redesigned prototype likely helped
reduce individual performance differences as evidenced by
the learnability results from the exploration session. The
largest performance differences in the experimental session
were on the order of 3:1 for time to complete all five
scenarios for a given design. This difference is quite modest,
as performance differences for computer tasks on the order
of 20:1 are not uncommon.*®

One positive and one negative unintended effect of the
changes in design B were identified. The positive effect
complements the efficiency findings since being able to view
the summarized patient information from the cover sheet
while completing the CRs likely reduced time to complete
the CR dialog box fields and thus the patient scenarios. No
changes are recommended in response to the positive effect.
The negative effect of confusion about the label “When”
could likely be addressed by relabeling the text as “Recom-
mended frequency.” With the exception of this change, the
first three design modifications are recommended for imme-
diate implementation in the national VHA CPRS software.
The fourth design change, the electronic checklist that sum-
marized tasks to complete during a patient encounter, was
designed primarily for primary care providers and needs to
be tested with physician participants prior to implementa-
tion. There were no unintended effects, negative or positive,
identified for the electronic checklist on the nursing partic-
ipants. These findings could also be relevant for other
software packages, particularly ones where adoption is
dependent upon learnability during first-time use, as well as
efficiency and usability for experienced users.

From a methodological perspective, this paper demonstrates
human factors methodologies such as workload assessment
using the NASA TLX, user satisfaction measurement, and
time-accuracy measurement through a meaningful, immedi-
ately applicable example. Simulation studies such as this
one, as well as other human factors and sociotechnical
analyses, can provide a well-suited approach for investigat-
ing human and organizational influences on the use of a

clinical information system.*® These analyses should be
conducted on clinical information systems prior to deploy-
ment to adequately support clinicians®” and to increase their
acceptance of the system.*®

This work was guided by a cognitive systems engineering
framework.>*~*! Cognitive engineering is broader in scope
than traditional usability engineering, such that the unit of
analysis includes human and technological agents, as well as
their interactions in the context of the larger sociotechnical
system. However, this study is primarily driven by an
atheoretical approach, as much of the HCI work is based at
this time. Indeed, Landauer contends that for HCI, task-
performance and simulation methods coupled with forma-
tive design evaluation are sufficient and strong guides;
theories for HCI are imprecise, cover only limited aspects of
behavior, and applicable to only some parts of the system
studied,** as clinical information systems are a conglomer-
ation of many elements. On the other hand, there is a place
for theory-based methods for this type of work as they can
improve certain aspects of computer and informatics design.
For example, cognitive psychology theories such have had
clear impact on some interface design.*® For this study, the
redesign modifications tested were informed by previous
field observation'? to help us first understand CR function-
ing in the greater sociotechnical system, or healthcare sys-
tem, in which they are used. This type of qualitative field
observation followed by scenario-driven, comparative us-
ability testing of experimental prototypes in a simulated
setting is complementary. Clinical software development
may benefit from this paradigm if more widely followed.

Limitations

Participants were first-time users with no prior VHA expe-
rience and limited to nursing personnel. One participant’s
data was classified as an outlier and therefore not included
in the statistical analysis. One of the authors (JW) played the
role of the patient in each scenario and, by knowing the
study design, could have inadvertently influenced the re-
sults. Certain participant characteristics such as computer
experience could have potentially impacted the learnability
results. A simulation study does not capture the full com-
plexity of a sociotechnical system as it exists in real life.
Differences observed in efficiency, user satisfaction, and
workload measures between the current design and rede-
signed prototype reflect the redesigned prototype with the
four designed changes as a whole; i.e., the four design
changes to the redesigned prototype were not individually
distinguishable in a statistical analysis. While the design
change of prefacing the CRs with role assignments to reduce
confusion was a meant to address the barrier found in
previous research of coordination between nurses and pro-
viders, this particular study only provides evidence of how
nurses, not providers, performed with the new and old
design. Further study is needed to assess the impact of
design on actual coordination between nurses and provid-
ers. Also, this study is limited by a relatively small number
of participants; it is possible a larger N may have detected
additional statistical differences. The baseline design A is the
current VHA CPRS, not the improved “reengineered”
(JAVA) version currently being developed by the VHA,
which will likely incorporate the recommendations stem-
ming from this study. However, after these recommenda-
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tions are incorporated, further evaluation will be warranted
at that point to ensure successful implementation.

We also expect findings from this study to have relevance
and provide some guidance to other healthcare systems that
are considering implementing electronic medical records
with automated decision support functionality, as recom-
mended by the US Congress. However, generalizability of
our results to non-VHA hospitals may be limited due to
unique factors of the VHA’s CPRS and CR system and
extensive informatics infrastructure. For example, the re-
minders in the electronic medical record at Brigham and
Women'’s Hospital in Boston do not have the documentation
aspect observed with the VA CR system.” The VHA’s CPRS
is a mature system, and the CRs were added as a “layer” to
this mature system, rather than designed during the incep-
tion of CPRS. However, as the VHA is currently transform-
ing the underlying structure from the older Delphi program-
ming language to a new JAVA-based platform, this will
afford a unique opportunity to consider design changes that
were previously constrained by the old architecture of
CPRS.

Conclusions

We demonstrated that modest modifications to the VHA’s
current CR system significantly increased learnability, effi-
ciency, and usability in a robust simulation, while decreasing
mental workload and user frustration, thereby reducing barri-
ers to adoption of CRs and effective CR use. Addressing these
computer interface issues during the ongoing redesign of CPRS
will likely require only modest additional resources and may
reduce user frustration and increase effective CR use, thereby
increasing adoption and reducing workarounds. The results
reported in this paper related to nurses’” use of CRs and cannot
necessarily be extrapolated to physicians” use of CRs. Finally,
this study may provide useful design information for health-
care organizations during the transition from paper-based to
electronic medical records, and for those organizations that
have already implemented such systems and are considering
adding automated decision support functionality such as CRs.
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