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ABSTRACT

Background: Research suggests Internet-based care management tools are associated with im-
provements in care and patient outcomes. However, although such tools change workflow, rarely
is their usability addressed and reported. This article presents a usability study of an Internet-
based informatics application called the Comprehensive Diabetes Management Program
(CDMP), developed by content experts and technologists. Our aim is to demonstrate a process
for conducting a usability study of such a tool and to report results.

Methods: We conducted the usability test with six diabetes care providers under controlled
conditions. Each provider worked with the CDMP in a single session using a “think aloud” pro-
cess. Providers performed standardized tasks with fictitious patient data, and we observed how
they approached these tasks, documenting verbalizations and subjective ratings. The providers
then completed a usability questionnaire and interviews.

Results: Overall, the scores on the usability questionnaire were neutral to favorable. For spe-
cific subdomains of the questionnaire, the providers” reported problems with the application’s
ease of use, performance, and support features, but were satisfied with its visual appeal and
content. The results from the observational and interview data indicated areas for improvement,
particularly in navigation and terminology.

Conclusions: The usability study identified several issues for improvement, confirming the
need for usability testing of Internet-based informatics applications, even those developed by
experts. To our knowledge, there have been no other usability studies of an Internet-based in-
formatics application with the functionality of the CDMP. Such studies can form the foundation
for translation of Internet-based medical informatics tools into clinical practice.
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INTRODUCTION

REVIEW OF THE LITERATURE suggests that

disease and case management programs
can improve some aspects of diabetes care and
outcomes, especially when combined with ed-
ucational interventions, decision support, and
reminders on performance issues.! Recently di-
abetes research has addressed whether the
benefits of disease and case management can
be realized as or more effectively through the
use of new Internet-based care management
tools. Much of this work shows that, compared
with standard care, the Internet-based mode of
delivery is related to improvements in dia-
betes-related individual-level outcomes and
quality of care.?®

Although Internet-based disease and case
management tools are new to diabetes care and
likely to change providers” workflow substan-
tially, rarely is the usability of emerging dis-
ease and case management technologies ad-
dressed and reported. A technology is “usable”
if it is compatible with normal workflow and
easy to use, learn, and remember. Usability of
a technology is important to consider because
poor usability will be reflected in poor cost sav-
ings and clinical effectiveness in the long term;
that is, even if a technology results in cost sav-
ings and clinical efficacy while under study,
these things might not be sustained beyond the
lifespan of the research if the new technology
is not “usable.”

This article presents a usability study of an
Internet-based informatics application called
the Comprehensive Diabetes Management Pro-
gram (CDMP). The primary aim of the article
is to demonstrate a process for testing the us-
ability of an Internet-based informatics tool for
disease and case management. The secondary
aim is to show the results that such a study
yields.

RESEARCH DESIGN AND METHODS

Because the structure of the usability test
was dictated by the CDMP’s functions and
most readers are unfamiliar with the applica-
tion, this section begins with an overview of
the CDMP’s origin and functions. The section

then describes the design and methods of the
usability test itself.

The CDMP

Starting in 1998, a collaborative of diabetes
and eye care experts and technologists from the
Beetham Eye Institute at the Joslin Diabetes
Center (Boston, MA), the Departments of De-
fense and Veterans Affairs, the Indian Health
Service, and Estenda Solutions (Conshohocken,
PA) developed a telehealth eye care program
to increase access of patients with diabetes to
appropriate eye care. Research has shown that
the telehealth eye care program is clinically ef-
ficacious,” 10 cost-effective,!! and associated
with patient adherence to annual, standard, di-
lated eye exams.!? However, the collaborative
recognized that the mitigation of diabetes-re-
lated vision loss requires care management of
the whole patient, not just his or her eyes. Thus
from 2001 to 2005, the collaborative developed
the core components of a system intended to
help health care providers, who are not neces-
sarily diabetes specialists, use clinical guide-
lines and up-to-date patient-level information
in the care management of diabetes patients.
Given that about 21 million people in the
United States!® have diabetes and the number
of physicians (particularly those who special-
ize in endocrinology) is not sufficient to meet
their needs,!'* the collaborative designed a sys-
tem primarily for nurse practitioners and care
managers. The result was an Internet-based in-
formatics system called the CDMP.

The core CDMP application was intended to
incorporate a wide range of functions. For this
article we discuss three major areas—individ-
ual patient data, care planning, and population
analysis.

The CDMP collects, analyzes, and presents
detailed and summary information about indi-
vidual patients. The patient information in-
cludes diagnoses, lab tests, procedure history,
medications, demographics, and allergy data.
The CDMP uses these data in conjunction with
clinical practice guidelines to generate “alerts”
to the provider when a patient has experienced
a particular health event, is overdue for a test
or exam, or when results from a patient’s re-
cent laboratory test are outside of a predeter-
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mined clinical range. In addition to generating
“alerts,” the CDMP uses these data to assess
the patient’s risk for complications of diabetes
such as nephropathy, retinopathy and cardio-
vascular disease. To review all of these data
and metrics at once, providers navigate to a
one-page overview of key patient information
called the “Snapshot” page (Fig. 1).

The CDMP also contains “modules” for pre-
sentation of patient information in specialty ar-
eas. One module records images and diagnoses
from tele-retinal evaluations for diabetic eye
disease that the patient might have received.
Another module contains a brief patient ques-
tionnaire to help care managers and patients
identify problems in the patient’s self-care be-
haviors (e.g., diet, physical activity, self-moni-
toring of blood glucose, medication adherence,
etc.) and psychosocial circumstances (e.g., self-
rated health, social support, mood, etc.). This
questionnaire can be completed alone by the
patient using an online survey tool integrated
within the CDMP, can be administered online
by the provider using the aforementioned sur-
vey tool, or can be administered on paper and
the data can be entered into the CDMP by a
clinic clerk.

Further, the CDMP contains a Care Plan. The
Care Plan covers the provider’s notes about the
patient’s major anatomical and physiological
systems, a profile of the patient’s self-manage-
ment goals and regimen, a listing and descrip-
tion of educational materials available at that
clinic for the provider to give his/her patients,
and “action items” with follow-up activities
and timelines. The Care Plan is not automati-
cally completed; rather, the designers intended
that it be completed through discussion be-
tween the provider and the patient.

The CDMP can present aggregated data on
a provider’s, group’s, or clinic’s patient popu-
lation. For example, the system can generate
Diabetes Quality Improvement Project!® statis-
tics and other reports.

The CDMP is supposed to be flexible. Ranges
for assessment and ranking of patient risks, for
instance, can be defined according to an orga-
nization’s needs and population. Care pro-
viders can activate or deactivate alerts and in-
clude or omit certain modules depending on
the services available.
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Usability testing

The guiding questions of the wusability
study design were: (1) What were the study
participants” expectations and interpretation
of the CDMP’s functionality (conceptual
model), and how did these compare with ac-
tual functionality? (2) Which parts of the
CDMP were frustrating to study participants
(navigation and information architecture)? (3)
Which parts of the CDMP were confusing or
easily misunderstood (content and terminol-
ogy)? (4) How satisfied were the study par-
ticipants with the CDMP, and how willing
were they to use a system like this one in the
future?

We conducted the usability testing in a Us-
ability Lab. The Usability Lab is a controlled
setting with a one-way mirror and recording
equipment that make it possible to watch and
audio- or videotape testing sessions unobtru-
sively. Each study participant received a brief,
standardized introduction to the CDMP and
training in the “think aloud” procedure so
that observers could follow the participants’
thought processes as they navigated the
CDMP. We trained participants to think aloud
by demonstrating the technique as if the test
administrator were a test participant. Partici-
pants worked with a prototype of the CDMP
for approximately 1.5 h, performing standard-
ized, common tasks with a fictitious patient.
The tasks were intended to represent what a
provider might want to know and do with a
new patient. Before beginning any session, we
obtained written consent from each study par-
ticipant using documents and processes re-
viewed and approved by several institutional
review boards.

Participants

We sampled potential participants from the
American Institutes for Research (AIR) (Con-
cord, MA) database of over 3,000 individuals
who have participated in usability tests over
the past few years. A study representative
called potential participants, described the
study to them, and then screened interested po-
tential participants for eligibility. Potential par-
ticipants were eligible if they reported having
at least some comfort with computers, even if
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Demographics

Gender: MALE
Diabetes Onset: 01/01/1972
Allergies:

Age: 59
Diabetes Type: 1

Ethnicity:

Taking Aspirin: Yes

Patient Status Data Risk Profile (View)

Educ. Evaluation

Red Alerts: 7 Open (2 New), 32 in last 90 days Cardiovascular @ High # || Evaluation Date: 02/20/2007
Yellow Alerts: 3 Open (1 New), 27 in last 90 days Foot Disease « Medium Physical Proficient
Reminders: 4 Past Due, 0 Due Today Glycemic Control @ High Medications Inadequate
Care Plan: Open Care Plan - Planned End Date: Nephropathy ® High Nutrition Proficient
09/07/2007 Last Updated: 05/21/2007 . . .
Retinopathy ® High Goal Setting Adequate

Foot Exam: Self-reported as of 03/20/2007 -

P BAT Scores (03/20/2007) Pregnancy Proficient
Eye Exam: Self-reported as of 03/20/2007 .
JUN: No JUN Exam ( Summary | Detail ) Disease Process Adequate
NAT: 04/25/2007 Smoking 2(1-3)  Medium
Procedures: 1in last 365 days Psycho-Social 14 (1-21) « Medium
Admissions: 0in last 365 days Physical Wellness 24 (1-30) @ High

Labs and Vital Signs

Medications last 365 days

Diagnosis Listing

Last Fill | Refills
Medication Name Date Left

DIABETES INSIPIDUS

Alc 05/08/2007 | 8.3% - DM w/eye mnfst, type 1

Triglycerides | 02/21/2006 | 163 mg/dL - LANTUS &Sr{eoslc/r%k?% 5 DM wineuro mnfst, type 1

LDL 02/21/2006 | 127 mg/dL - DM w/renal mnfst, type 1, uncntrl
ASPIRIN 04/17/2007 0 Hypertension, essential NOS

serum 02/21/2006 | 2.30 mg/dL (prescribed)

Creatinine ~=umg ) Impotence, organic origin
ACETAMINOPHEN 07/07/2006 6 ; "

Fasting Glucose | 09/13/2005 | 221 mg/dL (prescribed) Unknown Diagnosis

Random Glucose| No Results Found

A/C ratio 02/21/2006 | 87.9 mcg/mg +
Protein on 01/17/2006 | 6.6 g/dL
dipstick
Protein in urine |01/17/2006 NEGATIVE N/A
Vitals
Systolic 05/01/2007 | 135-
Pressure
Diastolic
Pressure 05/01/2007 |95 + 3
Graph
Alc
Graph only displays data from last 24 months.
10.0
9.5

FIG. 1. Patient snapshot page with fictitious patient data. BAT, Behavior Assessment Tool; DM, diabetes mellitus;
JVN, Joslin Vision Network; LDL, low-density lipoprotein; mnfst, manifestations; NAT, Nutrition Assessment Tool;

NOS, unspecified or not otherwise stated.

they were still beginners, and were likely fu-
ture users of the CDMP (i.e.,, health care
providers, particularly nurse practitioners and
care managers).

From the pool of potential participants, we
enrolled six health care providers. Usability
tests typically rely on small samples, as a small
number is sufficient for determining the major
usability issues and soliciting the full range of
feedback.!¢17 If the testing sessions had un-
covered new information each time, we would

have continued to enroll participants until we
attained saturation.

Measures

To address the four objectives of the usabil-
ity study, the usability test collected observa-
tional, survey, and interview data. Table 1
shows the correspondence between the guid-
ing questions of the usability test and the type
of data collected.
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TABLE 1.
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SOURCES OF DATA USED TO ANSWER RESEARCH QUESTIONS

Research question

Data sources

1. To what extent will users develop an
accurate conceptual model of the CDMP?

2. Are the CDMP navigation and information
architecture easy to use and understand?

3. Is the content/terminology easy to comprehend?

4. Do users report satisfaction with the CDMP?
Do they report an interest in using a technology
like the CDMP in the future?

® Observational data
® Subjective responses to interview questions

® Observational data
® Subjective responses to interview questions
¢ Responses to usability survey (section on ease of use)

¢ Observational data

® Subjective responses to interview questions

® Responses to usability survey (sections on
content and support features)

e Observational data

® Subjective responses to interview questions

* Responses to usability survey (sections on
visual appeal and performance)

While participants used the CDMP, we col-
lected observational data by recording partici-
pants’ mouse movements, observing the paths
they used to complete each of the study tasks,
noting verbalizations made by participants
throughout the sessions, and recording errors
and other key incidents such as when partici-
pants made the same types of errors repeatedly
across tasks. We allowed participants to com-
plete each of the study tasks without interrup-
tion so that we could observe participants” ten-
dencies and decision-making processes.

The interview data addresses participants’
overall impressions of the CDMP and what they
liked or disliked about it. It also addresses
specifics such as the pages that the participants
found most helpful for familiarizing themselves
with the fictitious patient, how intuitive the par-
ticipants found the CDMP’s graphing features,
whether the CDMP’s drop-down menus con-
tained all expected choices, and whether the par-
ticipants wanted additional reports.

Survey data were collected using a ques-
tionnaire developed by AIR called the Usabil-
ity Score (patent pending). The AIR Usability
Score is internally validated and used as stan-
dard practice in AIR’s usability evaluations. It
has 25 Likert-scale questions covering visual
appeal (e.g., application was appealing, appli-
cation was designed with the user in mind),
content (e.g., page layouts were logical, infor-
mation was complete), ease of use (e.g., options
were clear at every stage, the steps required to
complete a task were in logical order), perfor-

mance (e.g., the system responded quickly and
worked properly), and support features (e.g.,
the application gave an appropriate amount of
feedback and the error messages gave instruc-
tions on how to recover). Responses range from
“strongly disagree” (scored as 1) to “strongly
agree” (scored as 5). Higher scores indicated
the participant had a more favorable impres-
sion of the technology’s usability.

Analyses

For the observational and interview data, we
reviewed the paths and verbalizations (from
the “think aloud” process) for each participant
to look for trends. When two or more partici-
pants made similar errors or verbalizations
about a specific issue, we flagged the issue as
a potential usability problem. Here we report
only those problems and strengths that were
identified by two or more participants. For the
survey data, we computed means and standard
deviations (SDs) for each of the subscales as
well as the total scale scores. We computed the
means and SDs for descriptive purposes only;
the small sample size did not permit a statisti-
cal analysis of the Usability Score data.

RESULTS
Table 2 shows characteristics of the six study

participants. Five were nurses, of whom three
were diabetes educators working exclusively
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TABLE 2. CHARACTERISTICS OF THE STUDY PARTICIPANTS

Profession Employment setting Percent of patients with diabetes
R.N. Home health care nurse 10%
R.N. Urban hospital 40%
R.N., Diabetes Educator Urban hospital 100%
M.D. Urban hospital 90%
R.N., Diabetes Educator Urban outpatient clinic 100%
N.P., Diabetes Educator Urban hospital 100%

with people with diabetes. The two remaining
nurses, a home health nurse and a nurse in an
urban hospital, worked with diabetes patients
about 10% and 40% of the time, respectively.
The final participant was a physician who pre-
dominantly saw patients with diabetes.

Table 3 presents means and SDs for the sub-
domains of the AIR Usability Score. On aver-
age, the participants’ responses were neutral
to favorable (mean total score = 3.65; SD =
0.86). Participants gave slightly higher scores
on average to questions about visual appeal
(mean = 3.87; SD = 0.73) and content (mean =
3.87; SD = 0.78) than to questions about ease
of use (mean = 3.50; SD = 0.82), performance
(mean = 3.50; SD = 0.94) and support features
(mean = 3.50; SD = 0.97).

Conceptual model

Participants wanted and expected the ability
to customize the CDMP for their own use. For
example, one participant said, “I use a differ-
ent target for HDL [high-density lipoprotein].
I would want to be able to change these targets
for my patients.” Another said, “I want to be
able to use templates.” And another said, “Will
the hospitals get to customize it?”

Participants” expectations about what the ap-

plication could do were not always congruent
with the application’s functionality. For in-
stance, participants expected to be able to or-
der labs from within the system, rather than
having to use a separate system for ordering
labs. Some comments were: “I'm assuming I
can order the labs from somewhere in here”;
“It would be nice if the system could recognize
seasonal issues, like reminding patients to get
flu shots in the late fall”; “I'm guessing it’s sav-
ing my work as I go along”; and “I'm looking
for a way to sign this order. If I ordered it, it
should ask you to OK the lab and then gener-
ate a letter.”

Navigation and information architecture

Participants found it easy to read and un-
derstand the patient-specific clinical pages,
such as the “Snapshot” Page. One participant
said, “I like this page.” Another participant
said, “This is a good summary.” Other sections
of the CDMP were more challenging for par-
ticipants to navigate successfully without some
hesitation. Some comments were: “I'm not sure
how to get back from another page”; “What am
I under?”; and “I had to play around to find
stuff.” The page names noted on the navigation
bar were not helpful to participants.

TaBLE 3. MEANS AND STANDARD DEVIATIONS FROM THE “USABILITY SCORE”

Participant Appeal Content Ease of Use Performance Support Total
1 4.20 (0.84) 3.80 (0.84) 3.60 (0.55) 3.60 (0.55) 4.00 (0.00) 3.84 (0.62)
2 4.60 (0.55) 4.40 (0.89) 3.80 (0.45) 3.20 (0.84) 3.00 (1.00) 3.80 (0.96)
3 3.60 (0.55) 3.80 (1.10) 4.40 (0.55) 3.80 (1.30) 4.60 (0.55) 4.04 (0.89)
4 3.40 (0.55) 3.40 (0.55) 3.20 (0.84) 3.20 (0.84) 3.20 (0.45) 3.28 (0.61)
5 3.40 (0.55) 3.80 (0.45) 2.80 (0.84) 3.20 (0.84) 2.80 (1.30) 3.20 (0.87)
6 4.00 (0.71) 4.00 (0.71) 3.20 (0.84) 4.00 (1.22) 3.40 (0.89) 3.72 (0.89)
Total 3.87 (0.73) 3.87 (0.78) 3.50 (0.82) 3.50 (0.94) 3.50 (0.97) 3.65 (0.86)

SDs are shown in parentheses.
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Participants wanted lists presented differ-
ently. For example, regarding the list of the fic-
titious patient’s diagnoses, one person said, “I
want the diabetes-related diagnoses first.” An-
other said, “Why do I have to search through
this whole list? I wouldn’t do it. I don’t have
time.” The same comment applied to the med-
ications list.

Content and terminology

Participants did not quickly grasp all content
and terminology: “I don’t know what these
mean. What’s a ‘1" on this scale? It should be
spelled out.” “Why is green an alert?” Lastly,
“WIill “close” close the window? I don’t know
what it means to close an alert.”

Satisfaction

Participants reported being enthusiastic
about the layout of the CDMP, the types of data
available on its clinical pages, and the CDMP’s
ability to share up-to-date patient data online
and securely among team members. One par-
ticipant reported that she “loved the CDMP”
and thought it was “visually beautiful.” An-
other reported that the CDMP “seems like a
wonderful program” and thought it would fill
a “need that providers have.” Several partici-
pants said the program was “easy to read.” At
least three participants said a strength of the
CDMP was that an entire team could use it to
share information about their patients. The par-
ticipants who were nurses reported they could
envision using the CDMP in their practices.

DISCUSSION

This article describes the methodology and
results of a usability study of an Internet-based
informatics application called the CDMP. A
broader purpose of this article—beyond the
questions addressed in the usability test—is to
demonstrate to clinicians and technologists a
process to follow for usability testing in their
development endeavors. Although there have
been studies related to the user interface design
of other types of systems,'®2! a usability study
among patients using an Internet-based dia-
betes management program,?? and consider-
able effort has been expended on developing
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applications to suit a variety of medical pur-
poses, to our knowledge there are no other us-
ability studies for a system with the purpose,
functionality, and intended mode of applica-
tion as the CDMP. This study can provide a
model for others who are developing large-
scale applications for disease management.

The usability study was informed by the
principles of user-centered design (UCD). UCD
is concerned with what users” expectations are
for how something should work and what it
should do, with how users interpret the clues
that a particular device or technology provides
about its functioning and content, and how
users interpret feedback from the device or
technology.?® The focus of the usability study
itself, then, was study participants” perspec-
tives on the CDMP’s conceptual model, navi-
gation and information architecture, and con-
tent and terminology, as well as their overall
satisfaction with the CDMP and likelihood of
using a system like this one again. As user in-
put is collected and analyzed, it leads to re-
finements of the system under design. Future
input from people who use the refined CDMP,
ideally next in “real” settings, will lead to fur-
ther enhancements.

Regarding the results, the participants gave
the CDMP neutral to favorable survey scores
overall. For the survey subdomains, they
scored the application’s visual appeal and con-
tent higher than its ease of use and support fea-
tures. From the observational data, the partici-
pants’ conceptual model included the ability to
customize functions and the expectation that
certain functions could be performed within or
by the application since they were listed as
tasks for the provider. The participants gener-
ally found the navigation and information ar-
chitecture of the CDMP easy to understand but
sometimes had difficulty navigating among
sections of the application. They wanted lists
to reflect their intuition about ordering, such as
diabetes-related diagnoses appearing at the top
of a diagnoses list. The participants occasion-
ally were confused by the CDMP’s content and
terminology, such as the meanings for “alerts”
and “reminders” and of rating scales. The re-
sults overall confirm the need to conduct us-
ability testing of Internet-based informatics ap-
plications, even those developed by experts in
the content area and technologists.
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Ultimately the purpose of usability testing is
to make informed modifications to the tech-
nology. Modifications resulting from this study
included: reorganization of lists per the partic-
ipants’ suggestions; adoption of standard user
interface elements such as on/off radio but-
tons; changes in the navigation bar by re-
grouping and rewording items; the addition of
help text to improve the support features of the
application; the revision of training materials
to make more explicit the CDMP’s customiz-
ability; the revision of names for certain tasks
and buttons (e.g., the “close” button for “alerts”
is now called “done”); and the addition of in-
formation to explain terms, scales, and risk pro-
tiles. Several suggestions were postponed un-
til feedback is available from providers who are
managing patients within their own clinics us-
ing the application.

There are several limitations to this study.
One is that we did not recruit providers who
work in remote settings and/or in clinics that
do not have electronic medical records.
Providers in these settings may have differ-
ent perspectives on how an Internet-based in-
formatics tool for diabetes care management
should work. For example, providers in re-
mote settings might not find certain tasks and
alerts within the application useful because of
the limited availability of specialty services in
their area, and providers in clinics without
electronic medical records might desire an
easier user interface for data entry into the
CDMP. Another limitation is that studies with
small samples often raise the question of
whether all of the main issues were identified.
Although no new issues emerged by the sixth
participant and samples of about six people
tend to be appropriate for usability test-
ing, 1017 there is still the possibility that a
larger, more heterogeneous group might have
uncovered new issues. Both limitations can be
overcome by using the iterative testing pro-
cedure typical of UCD.

Future work will focus on the usability of
the CDMP from the perspectives of people us-
ing it for patient care. This work will provide
a foundation for future cost- and clinical ef-
fectiveness studies. Once usability is estab-
lished, then effectiveness studies will not be
confounded by problems with the application
itself.
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