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Abstract

As the Internet continues to grow as a delivery medium for health information,
the design of effective Web sites becomes increasingly important. In this paper, the authors
provide an overview of one effective model for Web site design, a user-centered process that
includes techniques for needs assessment, goal/task analysis, user interface design, and rapid
prototyping. They detail how this approach was employed to design a family health history Web
site, Health Heritage <www.healthheritage.net>. This Web site helps patients record and maintain
their family health histories in a secure, confidential manner. It also supports primary care
physicians through analysis of health histories, identification of potential risks, and provision of
health care recommendations. Visual examples of the design process are provided to show how
the use of this model resulted in an easy-to-use Web site that is likely to meet user needs. The
model is effective across diverse content arenas and is appropriate for applications in varied media.

■
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The design of effective health-related Web sites is
becoming increasingly important as the Internet continues to grow as a delivery medium for health information. As these sites are developed, the importance
of a user-centered approach to design is recognized
by informaticians:
Groups producing information materials must start
with needs defined by patients, give treatment infor-
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mation based on rigorous systematic reviews, and
involve multidisciplinary teams (including patients)
in developing and testing the material.1

In this paper, we present a user-centered model for
this type of Web site design. The model includes
techniques for needs assessment, goal/task analysis,
user interface design, and rapid prototyping. Each of
these techniques can be used to produce effective
solutions across multiple content arenas.
To show how these techniques may be used, we
detail their application in the design of a family
health history Web site, Health Heritage (http://
www.HealthHeritage.net). Funded by the Robert
Wood Johnson Foundation, the purposes of this Web
site are:
■

To assist patients in recording and maintaining
their family health histories in a secure, confidential manner, and

■

To support primary care physicians, through
analysis of family health histories, identification of
potential risks, and provision of preventive or
treatment recommendations.
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Background
We set out to develop the Health Heritage site for
several reasons. First, collection of family health history has been advocated for targeting individuals at
risk for specific diseases and for identifying patterns
of disease and other health conditions in families.2,3
However, primary care physicians (PCPs) do not
always collect complete family health histories or use
them in any systematic way,2,4 because of limited
time, inefficient collection methods, and related factors. Compounding this situation is the fact that
patients often do not have complete health history
information for their families.

used for decision support, patient management8–10
and, most recently, patient self-management and selfcare.11–14 Computers offer the potential to simplify the
collection and interpretation of pedigrees and referral
guidelines.15 Coupled with the Internet, computers
make possible sophisticated continuing education,
including the provision of “just-in-time” support (during the course of patient care) for physicians.16
We undertook the development of the Health
Heritage Web site to address some of these needs. In
the sections that follow, we describe our methods
and how we implemented them for the design of the
Health Heritage Web site.

A second motivating factor was the emerging importance of genetic medicine, with the sequencing of all
human genes by the Human Genome Project. It is predicted that genetic testing and counseling will be
included in the scope of practice for PCPs,5,6 although
physicians may have had little training in genetics
and may not appreciate its relevance to their practice.7

A Model for Web Site Design

A third influence was the potential of computer and
Internet technologies to meet pressing needs for health
care, continuing medical education, and consumer
health information. These new technologies have been

How can developers of new tools and resources
ensure that their creative, resource-rich, visually
appealing, and easy-to-use products are actually useful to the intended populations? They can do so by

Figure 1 shows a modified framework for our usercentered design model. Each component is described
in the paragraphs that follow.
Assess, Analyze, and Select Needs
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■

Needs Assessment Data Sources: Health Heritage
Document review:
■ Existing family health history instruments were used to craft a master health history collection instrument.
■ The master instrument was evaluated by 18 primary care physicians (PCPs) and medical specialists, who used it to record their
own health histories and the history obtained from a case study. Strengths and weaknesses were identified.

Patient interviews and focus groups:
■ Six patients from a primary care practice were interviewed over the phone to learn their understandings of and experiences with
family health histories. They were also asked to relate their feelings about Internet security.
■

A trained facilitator led two patient focus groups. Participants drew their family trees and discussed difficulties in doing so. They
evaluated a health history survey used in a family practice and reflected on their own doctors’ collection of health history. Finally,
they indicated what they would like to have in a health history Web site and their willingness to use such a site.

Patient computer-use survey:
■ A computer-use survey was used in two medical practices. One was a family practice that served a population of patients of mixed
socioeconomic status (n = 44) and the other was a gynecology practice serving a middle-class, white, female population (n = 91).
■ We solicited information about access to computers, e-mail, and the Internet and about level of comfort in use of a computer.
Interviews with other stakeholders:
■ Throughout the needs assessment, the design team conducted a series of interviews with members of other stakeholder groups,
including genetics specialists in oncology and pediatrics, medical specialists in neurology (two) and cardiology, medical
informaticians, and the project’s principal investigators.
■ These persons helped us identify other needs that were not immediately apparent to the PCPs and patients and lent support to
some of the perspectives voiced by PCPs and patients.
Observations:
■ We observed the “gold standard” in operation—family health history collected by skilled genetic counselors via audiotaped sessions.
■ To better understand how specialists use family health history information, we observed interactions between patients, genetic
counselors, and an oncologist during three counseling sessions at a cancer genetics clinic.
■ As a result of these observations, we were able to identify specific strategies used to solicit health information that patients may not
immediately recall.

basing their design on a thorough needs assessment,
an inquiry process supported by numerous design
methodologies.17,18 Needs assessment can be used to
explore what is currently occurring and how individuals feel about it, and it can identify potential
solutions.19,20
There are a variety of techniques of collecting needs
information, including qualitative and quantitative
approaches. (Qualitative approaches include examining existing materials and sites, conducting interviews and focus groups, and observing practice,
whereas quantitative approaches include surveys
and rating scales, among others.) These methodologies are frequently used in tandem. When it is not
clear what needs exist and how they might be measured, however, qualitative methods are most useful.
For Health Heritage, the stakeholders included our
end users—PCPs and patients—as well as medical

specialists, geneticists, genetics counselors, and
informaticians. Our methods included document
review, interviews, focus groups, surveys and observation. All interview, focus group, and observation
sessions were audiotaped and transcribed for later
analysis. Our data sources are described briefly in
Table 1.
As needs data are being collected, needs analysis
begins. For all qualitative data, we take a naturalistic
approach, using content analysis to identify themes
expressed by respondents and noted in document
reviews and observations.21,22 As the themes emerge,
we test them as other needs data are collected and
analyzed. Those that are confirmed are then used to
categorize needs data in a conceptually clustered
matrix. This makes it possible to identify the relationships among the themes and make comparisons
between them for different respondent groups. It is
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PCP interviews and focus groups:
■ Two initial interviews were conducted with PCPs, to learn about current practices with health history collection, what information
should be collected, and what issues are important to PCPs.
■ Two PCP focus groups, led by a trained moderator, focused on the meaning of health history, how it was collected and interpreted,
and what kinds of support would help PCPs use family health histories in their practice.

Journal of the American Medical Informatics Association Volume 9 Number 4 Jul / Aug 2002

also possible to quantify the frequency with which
various themes are indicated in this corpus of data.
These analysis techniques are standard for qualitative data21,23,24 and lend themselves well to needs
analysis.
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Each theme was further broken down into subthemes, as shown in Table 2.

For the Health Heritage project, the design team
leader used the themes confirmed in the data to code
each piece; a tag indicated the respondent group
(PCP or patient population, medical specialists, informaticians, etc.) supplying each piece of information.

Because we were developing Health Heritage in
response to a funded grant proposal, certain parameters in this project design were already specified for
us. We had already determined that we would be
developing a Web-based product to collect and eval-

Table 2

■

Needs Assessment Themes and Sub-themes: Health Heritage
Four major themes identified through the qualitative analysis process:
■ Goals/assumptions for the Health Heritage project
■ Collection of family health history
■ Other functions of the Health Heritage tool
■ Policy/confidentiality/security/liability
Sub-themes identified for the theme “Goals/assumptions for the Health Heritage project”:
■ Definition of stakeholders
■ Characteristics of current primary care physician (PCP) practice
■ Implications of the Health Heritage tool for PCPs
■ Implications of the Health Heritage tool for patients
■ What PCPs want
■ What patients want
■ What specialists want
■ Barriers to collection of family health histories
Example of needs analysis data catalog, in matrix format, for the sub-theme “What PCPs want”:
Need
Source
PCPs want to want to be alerted to
PCP Focus Group 2/9/99
patients’ risks. When a risk area is
unfamiliar, PCPs want assistance with
interpreting the risk and providing care
PCPs want risk information and
recommendations based on
quantitative epidemiology

PCP interview 1/6/99
PCP Focus Group 2/9/99

Example of thematic summary* for the sub-theme “What PCPs want”:
Evidence-based risk information and recommendations; efficient delivery.
■ Risks and recommendations for each patient, based on quantitative epidemiology; accurate family histories to drive the risk prediction
algorithm; possible replacement of health risk assessment form (some patients do not fully respond, dislike having to update).
■ Information on diseases and conditions that PCPs know little about.
■ Increased efficiency and quality of care without increase in PCP time, unless time is billable: “We don’t have a lot of time
like researchers do. Our days are full.”
■ Some see review of the tool output as similar to a review of laboratory results. If something significant is found in the risk assessment,
they will bring the patient in for an office visit. However, others may not review the risk assessment and recommendations unless
there is an office visit.
*Data for each thematic need area were systematically reviewed and summarized. A sample summary is shown here.
■
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Data from surveys and other quantitative measures
are analyzed, using conventional descriptive statistics. These outcomes add meaning to the qualitative
findings, providing indications of degree and illuminating aspects of the situation that would not otherwise be apparent.

The needs identified in both types of analysis are further examined, to select and prioritize those to be
addressed. Considerations here are organizational
goals, the consequences of needs not being met, and
the available time, budget, and expertise for project.
It is also important to identify the barriers users may
face and incentives they may associate with use of the
future product; these will be important factors during design of the product.
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Table 3
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■

Validation of Assumptions and
Discrepancy Identification: Health Heritage

A discrepancy between initial project goals and identified needs:
While attempting to design for the medical practice of
tomorrow, we found that most PCPs voiced needs from
the practice of today. Primary care physicians wanted
printable output from Health Heritage that they could
include in a patient’s chart; they were less interested in
online displays of patient pedigrees and risk data, since
most did not have access to computers in their examination rooms. So the project team struck a compromise,
addressing the need for printable output while still
endeavoring to explore the use of interactive computerbased displays to present information in interactive ways
that might enable new understandings of the data
presented.

uate health history and offer health recommendations. Nonetheless, we were able to use the needs
analysis to validate the assumptions we had made
about the end product, how it would be used, by
whom, and in what environments (Table 3). In all
cases but one, the needs that emerged aligned well
with the initial project goals we had proposed to our
funding agent.
Identify Solutions, Articulate Goals
and Analyze Tasks
Potential solutions are identified and their strengths
and weaknesses evaluated. (For instance, Web-based
patient education might be considered, along with
patient education delivered by a health educator as
part of medical care.) When the best solution has
been identified, project goals are drafted to describe
what users will be able to do as a function of using
the project materials. Both short-term and long-term
goals are included. As goal statements are drafted
(Table 4), they are immediately examined to ensure
that they effectively describe the most important
stakeholder needs.

Design and Develop Solutions
Once the goal and related tasks are fully understood,
the project team can begin the Web site design. We
brainstorm about the experiences we want to create
for the users as they go about achieving the goals we
have set, keeping in mind the barriers they face and
any incentives on which we may be able to capitalize.
We apply what we know from learning and psychosocial theory in this process. As we begin to visualize
the Web site, we start to adapt the flow diagrams
(produced during the previous task analysis) to
develop a blueprint for the Web site.
For each page in the projected Web site, we create
storyboards that suggest the content and layout of
the page and the functionality and navigation controls to be provided. The graphic design is purposely
ignored until the contents and functionality are finalized. Holding to the principle that “form follows
function,” the look and feel of a Web site are developed after its functionality, to better support it.
As we create storyboards, we reference guidelines for
good user interface design. The guidelines we use
address content design and the design of navigation
and user input. (Guidelines for design of the “look
and feel” of the site are considered later.) We have

Table 4

■

Additional Project Goals Identified: Health Heritage
■

Patients and physicians will be able to learn more about
family health history, disease and epidemiology, and health
care as part of the history collection and evaluation process.

■

Patients will be better prepared to communicate with their
physicians during office visits.

■

Patients will be drawn back to the Web site to update their
health histories, in part because of special features such as
printable family trees and automatic e-mail birthday
reminders.
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Validating assumptions about users and environments:
We wanted to design a tool that would serve the medical
practice of tomorrow but would not completely lose sight
of the capabilities of today. An early concern was the
prevalence of patient computer access, so we paid special
attention to the results of our computer use survey. We
found that a surprising number of patients had access to
computers (80% at home and 59% at work) and the
Internet (67% at home and 50% at work), felt comfortable
using this technology (75% felt either “extremely” or
“somewhat” comfortable), and had e-mail accounts
(71%). As a result of the positive response, we felt comfortable retaining the assumptions for a Web-based tool.

Goals and component tasks are then analyzed by
breaking down the goals into subordinate parts. The
goal or task analysis stage is sometimes referred to as
an “information processing analysis”25: To achieve
this goal, what does the user need to know or be able
to do—what tasks need to be undertaken? For each
task, what are the subordinate components and individual actions? The result is frequently a flow diagram detailing the goal/task analysis (Figure 2). The
goal statement and task analysis form the basis for
the Web site’s functional requirements (Table 5),
which are lists of required characteristics.
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developed our set as the result of many years of practice, which includes design, development, and evaluation of multimedia products; evaluation of successful educational and informational products; and
reviews of the literature on instructional design,
interface design, and usability testing.26–30

For the Health Heritage site, we designed two separate interfaces, one for patients and the other for
PCPs. Patients needed to be able to create a family
tree, record health history for each family member,
draft questions to ask their PCP during the next office
visit, and access the prevention and treatment recommendations generated by the Web site on the basis of
their family health history. In addition, we wanted
patients to be able to receive reminders of birthdays,
anniversaries, and special events.
Primary care physicians needed to be able to quickly
access and review family health history information
for each patient and review the resulting prevention
and treatment recommendations generated by the
Web site. To provide educational opportunities for
both patients and PCPs, references for diseases and
recommendations were provided, as were glossary
entries for many medical terms.
We faced special design challenges as we implemented the user interface guidelines to meet these user
needs. We describe two of these challenges here.

F i g u r e 2 Goal/task analysis. The flow diagram depicts
the upper level of our task analysis for primary care physicians (PCPs).

■

Functional Requirements Generated for the
Primary Care Physician’s Page, “Review Patient
Risks and Recommendations”
Ideal: To be read and understood in 5 min
Information contained:
■

Number of positive hits (quantified risk)
Indication of general population risk or higher risk
■ Risk-based recommendations
■ Comments by patient relevant to health
■ List of the health issues the tool addressed
Incomplete or missing family history information identified
■

Option to see entire family history (graphic pedigree or table)

In the first design challenge, which concerned the
intended audience and site objectives, we were
attempting to meet the needs of two very different
populations, but some of their needs were held in
common. For example, we made the advantages of
the site explicit to the first-time visitor (patient and
PCP) without requiring registration, by providing
this information:
■

A rationale for collection of family health history

■

Identification of advantages of Health Heritage for
collection of family health history

■

Graphic examples of what users can produce

The second design challenge concerned the structure
of the site. We knew that physicians and their
patients would use the site only if it was very easy to
do so. We knew we had to collect and display complex information in as clear and simple a manner
possible, in formats that would be understandable to
all parties. Finally, we felt it was important to embed
additional, supporting information for physicians
and patients in an easy-to-access manner. Figure 3
shows, for example, a Web page providing health
care recommendations for a patient and the pop-up
definitions that users can obtain by simply clicking
on an unfamiliar term with the mouse.
As the design emerges, it is refined through rapid
prototyping—an early, iterative, method of staged
development and evaluation. Repeated cycles of prototype development, evaluation, and revision take
place. We rely predominantly on two evaluative
techniques during prototyping—cognitive walkthroughs and user testing. We often use “think
aloud” protocols with both of these techniques, in
which a user is asked to think aloud as he or she uses
the prototypical site to accomplish a goal.33
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A complete listing of these guidelines is available on
the Web, at http://kinzie.edschool.virginia.edu/
UIguide.html. The recommendations provided by
Nielsen are also useful to keep in mind.31,32

Table 5
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Cognitive walkthroughs,34,35 involving evaluation of
a site design by a group of the designers’ peers, help
determine the ease with which a user might perform
needed tasks. We base these evaluations on heuristics
such as our user interface guidelines or those
advanced by Nielsen.36 Issues requiring attention are
noted in these sessions. To help us determine which
issues are worthy of our attention, we go further, asking evaluators to judge how important an issue is for
the effectiveness of the Web site and indicate how
difficult they feel it would be to address in revision
(Figure 4). The product of these two measures is used
to rank order and select the issues for revision.

F i g u r e 4 Heuristic issues rating scale.

User testing can also be conducted at early stages.
Users are in a unique position to provide early,
authentic feedback—they know what they need and
want and can respond to the design when they can
“try out” the site for themselves. The inclusion of users
as evaluators is also critical for another reason: Design
experts are often experienced technology users and
can frequently overlook problems that more novice
technology users will have with a Web site.
The Health Heritage Web site evolved considerably
through the paper prototyping process. Seven PCPs
participated in prototype evaluation sessions, as did
19 patients. Between these sessions, results were cir-
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culated and discussed among members of the design
team and project specialists. All Web pages underwent numerous revisions, with each revision bringing the page closer to addressing users’ needs with
the best possible user interface.

tory entry. We moved these functions from the lower
right of the page to a more prominent location and
added embedded roll-over text messages informing
users about what these functions did and how they
operated (Figure 5, B and C).

For example, we developed ten different versions of
the patient’s home page during the paper prototyping process. In the early prototype (Figure 5, A), a
number of competing functions were vying for attention. Through prototype evaluation, we were able to
provide a more primary focus for the functions,
which guided users through the tree creation and his-

Only so much can be determined from evaluation of
a paper prototype for a Web site. When the programmers began developing the Web site and implementing the undergirding health history evaluation algorithms (a complex undertaking), we had to freeze the
Web site design to enable them to produce a functional site.
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Table 6
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■

Issues Identified During Cognitive Walk-through
for Participant Home Page
Navigation:
Step links may not “read” as clickable links to new users.

■

Directions to “begin with step 1” may result in users not
reviewing rest of home page.

■

Event reminders are in an awkward location well below the
“main steps”; may not be used.

Data retrieval:
■

When confidentiality setting is changed, there is no sense of
completion for user—display does not indicate change has
been acted on.

Speed:
■

Roll-over graphics take too long to download over some
modem connections.

Failure:
■

Session time-out is too short for the reading and discussion
that often needs to take place.

Information display:
■

Text used for “roll-over” content is too small.

■

Text describing event reminders is too wordy.

■

“Conditions covered” and “How recommendations are
made” lack prominence on the page.

When the first computer-based prototype was completed, we resumed evaluation, beginning with a
pilot test involving 105 persons (50 used Health
Heritage and 55 received usual care). We obtained
some encouraging findings. Although persons who
used Health Heritage spent a considerable amount of
time gathering information about family health history (mean, 12.6 hr; range, 1–120 hr), they were generally satisfied with Health Heritage:
■

94 percent found it easy to create the family tree,
and 70 percent found it easy to make changes to
the family tree

■

75 percent found the glossary helpful

■

92 percent were satisfied with how the site looked

■

77 percent found the overall quality of the site
either good or excellent

■

76 percent would recommend it to friends

■

70 percent agreed or strongly agreed that it was
easy to get from one part of the site to another.

■

54 percent found it not at all difficult to complete
the family health history; only 4 percent found it
very difficult.

We followed the pilot test with a cognitive walkthrough, to clearly identify issues that needed to be
addressed in the Web site revisions (Table 6). These
issues were confirmed or discounted through user
testing with both patients (n = 36) and physicians
(n = 4), and a list of needed revisions was created.
We tested the subsequent revisions to the site a final
time with 20 persons, to confirm the usability of the
site, and made a few final revisions. Final changes
were made to update the health history evaluation
algorithms and recommendations, using the latest
scientific evidence, and the site was completed
(Figure 6).
Implement Solution and Realize Goals
A critical time period for users occurs early in their
use of a Web site. If they perceive that some shortterm needs are met, they are likely to adopt the site.
If they adopt the site and use it, there is a reasonable
probability that their long-term needs will be met or,
if not met, at least positively influenced. This is the
success for which every Web site developer hopes.

Discussion
The techniques described in this paper allowed us to
focus specifically on what the physicians, patients, and
project stakeholders felt was most important. The Web
site design was based on needs assessment and analysis, on goal and task analysis, and on guidelines for
effective user interface design. The design was refined
as it was developed through early user testing in a
rapid prototyping process. This made significant evolution of the tool possible while the design was still
paper-based and guided important revisions after a
functional computer prototype was developed.
The result is a Web site that is that is demonstrably
easy to use. It is also effective in identifying a family’s
relatives and health conditions and providing individ*These and other pilot test findings are the subject of a forthcoming paper.
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■

Health Heritage was compared to usual care, with
reference to a gold standard (genetic counselor), to
measure the accuracy and completeness of the family health history gathered. When completeness and
accuracy of family member and family health history
identification were measured, Health Heritage was
found to be an improvement over usual care. Further
analysis is being undertaken to compare the risk
information generated by these two methods.*
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ualized risk assessments and care recommendations.
Case studies on other products report similar successes for user-centered design.37,38 A future research need
in this area is the collection of more extensive usage
and outcome data, to enable cost/benefit analyses that
will further validate this approach.
In the meantime, what is the risk we take if we do not
follow a user-centered design process? At risk is the
success of the project, and failure is an expensive and
time-consuming way to learn about the importance
of meeting user needs with a good user interface.
This risk is clearly identified in this thoughtful
assessment, by Lawler et al., of the failure of a
$500,000 system implementation:
Our effort to implement a [computerized medical
information system] failed, ultimately because of
cumbersome procedures, the risk of “getting lost” in
the system, and the inflexibility of the system, all of
which produced user resistance.39

2.
3.

4.
5.

6.
7.
8.

9.

10.

With a user-centered design model, these failures do
not need to happen.

11.
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