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Abstract 

The electronic personal health record (PHR) has been championed as a mediator of patient-centered 

care, yet its usability and utility to patients, key predictors of success, have received little attention. 

Human-centered design (HCD) offers validated methods for studying systems effects on users and their 

cognitive tasks. In HCD, user-centered activities allow potential users to shape the design of the end 

product and enhance its usability. We sought to evaluate the usability and functionality of HealthView, 

the PHR of the Duke University Health System, using HCD methods. Study participants were asked to 

think aloud as they carried out tasks in HealthView. They then completed surveys and interviews 

eliciting their reactions to the web portal. Findings were analyzed to generate redesign 

recommendations, which will be incorporated in a future release of HealthView. 

 

Introduction 

The electronic personal health record (PHR) has been championed as a mediator of patient-centered 

care, yet its usability and utility to patients, key predictors of success, have received little attention. 

PHRs and other web-based functions for health self-management have been shown by some 

investigators to improve patient outcomes
1-4

, quality of life, hospital readmission rates, and mortality
5
, 

though other studies have found no effect of PHR use on process measures
6,7

 or outcomes
8
. Outcome-

based PHR evaluations, however, provide little information about factors that contributed to the success 

or failure of PHRs
9
. Consequently, it is difficult to apply lessons learned in their development to the 

design of new PHRs. Human-centered design offers validated methods for studying systems effects on 

users and their cognitive tasks. These tools can be applied during system development to guide design 

decisions. Here we describe the application of such methods to the evaluation of a PHR. 

 

Background 

The PHR has been defined as “an Internet-based set of tools that allows people to access and coordinate 

their lifelong health information and make appropriate parts of it available to those who need it
10

.” 

PHRs enable care coordination across clinicians, provide patients access to their medical information, 

and empower them to manage their health and to be active participants in care decisions
4,11

. PHRs may 

be particularly useful for patients with chronic illnesses who expect to benefit from using PHRs to 

monitor and learn about their health problems. PHRs can also reduce costs related to their chronic 

conditions
4,12,13

. Chronically ill patients are likely to be early adopters of PHRs since they are active 

users of computers and the internet to perform health-related tasks
14

. 

Various studies have directly linked PHR use to improved health outcomes
1-4

. There are several 

potential benefits of PHRs that likely contributed to these improvements. PHRs enable efficient access 

to credible health information and knowledge, which patients can leverage to promote their well being 

and to manage diseases. Most patients’ health data are distributed among the paper and electronic health 

records of various healthcare systems; a PHR can serve as a single repository for all of a patient’s health 

information
12

. Among other advantages, this can lead to more accurate medication reconciliation, 

evaluation of drug interactions and allergies, and tight control of medication regimens
8,15

. Clinicians can 

use patient-entered information to complete their medical records, avoid data re-entry, and recruit 

patient engagement to improve adherence to treatment and medication protocols
12,16

. Electronic 

communication tools can make more efficient use of both the clinician’s and the patient’s time and may 
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substitute some office visits
3,15

. As a result of these benefits, PHRs may also reduce costs for healthcare 

payers and purchasers
12

. 

Although there is national interest in PHRs
12,17

, there are several barriers to their widespread adoption. 

First and foremost is the issue of acceptance: both clinicians and patients can be skeptical of the 

usefulness of PHRs. The question of whether patients will make methodical, lifelong use of their PHRs 

as of now remains unanswered. PHRs introduce a new task, the management of health information, 

which most people have not previously performed and the value of which may not be immediately 

apparent
14,18

. Many patients express an interest in having online access to their medical records, though 

few keep electronic PHRs in reality
10,18

. Among those who do maintain a PHR, reactions seem to be 

mixed: some users reject them while others endorse them enthusiastically
6
. High-priority concerns of 

potential users include access rights in emergency situations, privacy and security of health information, 

and poor interface usability
10,14,15

. The significance of usability as a factor contributing to the success (or 

failure) of PHRs is acknowledged by both experts and current users
10,19-21

. A usable application is easy 

to learn (even by those who lack in technical expertise), simple to navigate, and intuitive to use. Failure 

to consider system usability in the design process can breed human errors and user dissatisfaction, and 

dissatisfied patients will simply abandon a poorly designed PHR
22,23

. 

Human- or user-centered design (HCD) is a product and system design philosophy that aspires to 

enhance human abilities, overcome human limitations, and foster user acceptance
24

. It achieves these 

objectives by designing products around users’ characteristics, tasks, and workflow, as opposed to being 

driven by the available technology
25,26

. In HCD, user-centered activities allow potential users to shape 

the design of the end product and enhance its usability
27,28

. The application of HCD principles can beget 

systems that are easy to learn, increase user productivity, acceptance, and satisfaction, decrease errors, 

and decrease training time; while failing to consider the user in the design process often requires the 

redesign of a system, a time-consuming and costly process
27,29

.  

Among others, HCD methods include usability testing, in which participants are asked to complete a 

task, or a set of tasks, using the product being evaluated. Depending on design goals, various metrics 

can be analyzed, including efficiency (e.g., time to complete a task, time spent recovering from errors, 

frequency of help documentation access), effectiveness (e.g., number of errors, number of subtasks 

completed, percent of participants who successfully completed a task), satisfaction (e.g., perceived 

satisfaction with and acceptance of the system), workload (e.g., perceived mental workload, objectively 

measured workload), and learnability (e.g., time to complete a task for new users, perceived ease of use 

and learning)
20,30

. A think aloud protocol can be incorporated into usability testing to help discover the 

source of system performance failures. In think aloud experiments, participants are asked to verbalize 

their thoughts as they complete a task, thus providing detailed insight into usability problems and their 

underlying causes
23

. User testing is considered a summative evaluation method
30

, that is, it is usually 

carried out during the later stages of design, using higher-fidelity prototypes than those tested in the 

conceptual design phase. 

Applying HCD principles to PHR design is of particular importance, since most patients have not 

managed their health information online before and little is known about the characteristics of potential 

users, which functions they would use the most, and what changes in health-related behaviors will rise 

from adoption of this emerging technology
12,14

. Unlike other health information technology, health and 

technology literacy are central considerations in the design of PHRs and it is important to examine their 

effect on PHR use
31,32

. Health illiteracy can present users with difficulty in comprehending and applying 

information they read in their PHR
31,33,34

. Technology illiteracy and computer anxiety can be limiting 

factors in the adoption of electronic PHRs by older adults and patients with cognitive impairments
33

. In 

addition, patients of low socioeconomic status may not own a computer or an internet account, limiting 

their access to online PHRs
35

. By applying HCD principles to PHR design and evaluation with special 

attention to these considerations, functionality and usability can be enhanced, thereby increasing the 

likelihood of promoting beneficial health behaviors and health outcomes among patients
20

. However, 

few studies have analyzed PHRs from the user’s perspective. 

The goal of this work was to evaluate the usability and functionality of HealthView, the PHR of the 

Duke University Health System. HealthView is a web-based portal that supports both administrative 

and clinical applications such as appointment scheduling, bill payment, advance registration prior to 
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clinic visits, and review of medication lists, selected lab results (Figure 1), vital signs, and more. Study 

participants were asked to think aloud as they carried out tasks in HealthView. Afterwards, they 

completed surveys and interviews eliciting their reactions to the web portal. Findings were analyzed to 

generate redesign recommendations, which will be incorporated in a future release of HealthView. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Trended lab test results in HealthView. 

 

Methods 

Twenty participants volunteered for this study (prior research has shown that even 8–10 participants can 

lead to identification of up to 80% of usability problems
36

). Since our goal was to evaluate HealthView 

with users who are likely to use it frequently, we elected to recruit chronically ill patients, specifically 

those with cardiovascular disease. Each participant completed nine tasks, or scenarios, in random order 

(see Table 2) for a test patient. 

 

Participants were asked to “think aloud”, or describe their thoughts, as they carried out these tasks. 

Afterwards, they were interviewed about usability problems they encountered, whether they would use 

HealthView in the future, factors that would prevent them from using it, and additional functionality 

that they would like to see. Their interactions with the web portal and their interviews were recorded. 

Participants also completed a background survey, a usability survey eliciting their reactions to 

HealthView
37

, and a survey gauging their interest in accessing different types of online health 

information (based on similar surveys
38

). A sample of interview and survey questions is presented in 

Table 1. Quantitative measures collected as part of the study included the number of participants who 

made errors or gave up on tasks (effectiveness), the number of help requests (efficiency), and 

participants’ satisfaction with and acceptance of HealthView (satisfaction). Qualitative data – responses 

to interview questions and observation notes – were analyzed using conventional content analysis
39

. 

Interview Questions (open-ended) 

What do you think are the most useful features in HealthView that can improve the quality of care 

you receive? 

If you could make one significant change to the HealthView website, what change would you make? 

Are there other changes you would make? 

Would you consider opening a HealthView account? [Or if participant has an account:] Would you 

recommend HealthView to a friend or colleague? Why or why not? 

Survey Questions (rating scales) 

How often do you use the internet to look up information about medications? 

How interested would you be in using the internet to make a doctor appointment? 

Table 1. Examples of interview and survey questions presented to HealthView study participants. 

1235



  

 

Results 

Twenty patients of the Duke Heart Center took part in the study. In addition, three pilot subjects (with 

no cardiovascular disease) completed usability testing and their survey data are included in the analysis. 

The 23 participants ranged in age from 27 to 84 (average, 53). Approximately 48% were males, 70% 

were white, and 78% had some type of cardiovascular disease. All had graduated high school and 74% 

completed additional education or training. Participants were relatively inexperienced with computers: 

70% claimed beginner or average computer skills and 61% spent less than 10 hours per week using 

computers. About 61% of participants had previously opened a HealthView account. 

In surveys, participants indicated that they performed only a small number of health-related tasks 

online. Commonly accessed information included medication (81%) and general health (86%) content, 

as well as information about their own medical conditions (86%). However, many expressed an interest 

in managing more aspects of their health online, including reviewing their allergies and immunizations, 

emailing their physicians, accessing medical reports, reading about medications and general and patient-

specific health issues, and tracking their health conditions (over 86% of participants were moderately or 

very interested in performing these tasks through the internet). Activities that were less in demand 

included participating in online support groups and sharing medical information with family members 

(only 30% were moderately or very interested in these activities). 

Although some participants were not familiar with HealthView features, after interacting with the portal 

they were very pleased with its functionality. In interviews, one participant said: 

I have high blood pressure, a batch of things… I try to take control. HealthView… helps me buy into 

my health, my wellbeing, better. So I feel really good about it. 

And another: 

I think it's a very informative and useful website. I think it can help you a lot… it keeps a lot of 

information for you. 

All participants said they would consider opening a HealthView account or, if they already had one, 

would recommend it to a friend. They found all its features useful; making appointments and viewing 

lab test results were particularly well-liked features. A majority of participants agreed with statements 

such as “Using HealthView could help me manage my health” and “The information on HealthView 

could improve my interactions with my doctors and nurses” (87% somewhat or strongly agreed with 

these statements; Figure 2). 

Participants were asked to rate different aspects of HealthView’s usability on a scale of 1 to 5. They 

gave HealthView an average score of 3.9 on characteristics such as consistency, clarity of messages, 

learnability, and information organization. There was strong agreement with statements such as, “I can 

navigate the HealthView website easily,” “I can find information I need easily and quickly in 

HealthView,” and “I understand health information presented in HealthView” (100%, 96%, and 87% of 

participants, respectively, somewhat or strongly agreed with these statements). Responses to usability 

questions are presented in Figures 2 and 3. 

These findings, however, were in contrast with observations of the think aloud sessions. Navigation was 

not straightforward for participants. Between 30% and 60% experienced difficulty finding the lab test 

results, vital signs, allergies, payment history, add children page, and introduction video. Some tasks 

were difficult or frustrating for users to complete. Trying to find lab results, for example, was a time-

consuming task when sorting through long lists of results. Making appointments and interpreting 

instructions for taking medications were error-prone tasks. Finally, data entry presented challenges to 

users in several tasks. Table 2 summarizes the observation measures, effectiveness (the error rate or 

participants giving up on tasks) and efficiency (the rate of help requests). 

In interviews, several participants wanted medical terminology explained to them, specifically in the 

medications and lab results pages. One participant, for example, had this to say about her medical 

reports: 
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I received my own report back and was very, very confused by what everything meant. And while it 

said, no cause for alarm, you're OK, there were items in this report that I didn't know what they were. 

 

 

Figure 2. Participant agreement with usability- and usefulness-related statements. 

 

Figure 3. Participant ratings of HealthView usability characteristics. 

1237



  

 

Many comments reflected the idea that HealthView is not a walk-up-and-use website, for example: 

I think, after you get used to it, you know where everything is. It’s just an initial… like with anything, 

I think I would come around… because I would know where everything is, where all the blocks are 

and how to fill them in. 

The website is very good, it’s very informative… Once you get used to where you’re going… just 

like anything else, you have to learn it. But once you learn it, it’s a piece of cake. 

Several comments were also made with respect to the usability of HealthView, such as: 

The intent is there, but the user interface needs a lot of work. 

I thought it was fairly user friendly… There could be some improvements. Like as far as how things 

are laid out. 

 

Task Description Example Errors/ 

Gave Up 

Help 

Requests 

1. Find and interpret 

four lab results 

Your magnesium level was tested at 

your last doctor’s appointment. Check to 

see if your magnesium level is normal. 

17.5% of 

labs 

41.3% of 

labs 

2. Make an 

appointment and 

reschedule it 

You would like to make an appointment 

to see Dr. Paterson for post-surgery 

follow up one month from now. 

31.9% of 

subtasks 

14.5% of 

subtasks 

3. Describe how to 

take seven 

medications 

You have been told by your doctors to 

take several medications. Find each one 

on the website and describe how it 

should be taken [dose, route, frequency]. 

13.5% of 

medications 

0.8% of 

medications 

4. Interpret trends in 

vital signs data 

You would like to see how your weight 

has changed in the last year. Describe 

what your latest weight looks like in 

comparison with earlier values. 

22.4% of 

subtasks 

12.2% of 

subtasks 

5. Determine allergy 

documentation 

You’re allergic to Codeine. Check to see 

whether this allergy is documented in 

your record. 

5.3% of 

subtasks 

5.3% of 

subtasks 

6. Find and print a 

payment history 

You’re filling out your annual tax report 

and would like to know your healthcare 

expenses for 2009. Find and print this 

report. 

25% of 

subtasks 

0% of 

subtasks 

7. Update personal 

information 

Change your home address to 200 Trent 

Dr., Durham, NC, 27710. 

11.9% of 

subtasks 

5.1% of 

subtasks 

8. Add a child to the 

health record 

You would like to be able to see your 

son’s medical information on the 

website. Add him as your dependent. 

5% of 

subtasks 

15% of 

subtasks 

9. Find an 

introduction video 

Watch a video that provides an overview 

of the HealthView features. 

5% of 

subtasks 

25% of 

subtasks 

Table 2. Tasks completed as part of the study, the rate of participants making errors or giving up on 

tasks, and the rate of help requests. 

 

Discussion 

A human factors engineer experienced in human-computer interaction theory and in principles of 

interface design generated recommendations to address these and other issues encountered during 

usability testing of HealthView. The design recommendations will be incorporated in future releases of 

HealthView. Recommendations focused on navigation, consistency, efficiency (e.g., pre-populating 

forms), functionality, error messages, data entry, conformity with users’ expectations, and text visibility 
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and salience. For example, interpreting abnormal lab values (task 1) presented difficulty for five (of 18) 

participants, three of whom could not tell which values were out of range. Figure 4 presents the current 

display of lab test results and a recommended display that enhances the salience of abnormal values.  

 

(a) 14.6 g/dL [12-15.5]  *16.7 g/dL [12-15.5] 

 

(b)  

 

 

Figure 4. (a) Current method of presenting normal (left) and abnormal (right) hemoglobin values in 

HealthView. (b) Recommended display of lab values. 

 

Navigating forward and back between lab reports (task 1) was also a challenging task for ten (of 18) 

participants. Here, a suggestion was made to rename the existing buttons (Figure 5). Another 

recommendation pertained to the use of clinical terminology with respect to medication administration 

(task 3). “As needed” is preferable to “prn,” for instance, and “by mouth” is better than “orally.” 

Finally, Figure 6 presents an example of a menu redesign recommendation to prevent confusion when 

viewing, changing, or making appointments (task 2). 

 

(a) 

 

(b) 

 

(c) 

 

Figure 5. (a) Current buttons used to navigate between lab reports. (b), (c) Recommended button labels. 

 

(a)      (b) 

 

 

 

 

 

 

Figure 6. Current (a) and recommended (b) appointment menu structure. 

 

Conclusions 

Adopting a HCD approach to system design and evaluation has many advantages. Design efforts that 

have incorporated a HCD approach have shown significant human-system performance improvements 

in aviation, military systems, and healthcare environments
40-43

. In addition, involving users in the design 

process improves system acceptance
29

 and enhances usage and user satisfaction with the system
44

. 

12                  15.5 

16.7 

12                  15.5 

14.6 

Appointments > 

New Appointment 

View/Change Appointments 

Appointments 

Appointments 

Schedule Appointment 

Request Appointment 

More Recent Back to List Older 

Newer Return to Table Older 
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Increasing the adoption of PHRs is likely to also increase their effect on patient health. McMahon et al., 

for example, showed that frequent users of a diabetes management website had greater improvement in 

HbA1c levels than occasional users, as did users who uploaded more health data
2
. 

In this study, we evaluated the usability and functionality of a PHR using HCD methods. Usability 

testing, interviews, and surveys were conducted to gain a comprehensive understanding of potential 

users’ needs and requirements when managing their health online. Although there was widespread 

satisfaction with the features they discovered through the study, participants were less pleased with 

HealthView’s usability. In particular, they encountered difficulty navigating the website, long task 

completion times, misleading interfaces leading to errors, and unclear medical terminology. These 

findings are in agreement with those of other PHR usability studies
45,46

. Employing HCD tools 

throughout the design process, rather than at a summative stage, may have proven useful in this respect. 

Formative methods such as card sorting to define navigation schemes and taxonomies can guide early 

design decisions. Further along the design cycle, additional methods are available for assessing low-

fidelity prototypes, such as the cognitive walkthrough. Finally, after implementation, tools to track the 

rate of abandoned tasks can be useful for identifying usability and functionality problems. 

It is worthwhile noting the discrepancy between the quantitative (survey) and qualitative (interview and 

observation) evaluation data. While participants gave high ranks to most usability characteristics of 

HealthView, they discussed various usability problems in interviews and were observed to experience 

real difficulty completing several scenarios. This was particularly evident in the gap between the self-

assessment of their navigation capabilities (Figure 2) and the extended time they required to find pages, 

sometimes to the point of giving up. In part, this disparity may be explained by participants’ poor recall 

and awareness of the quality of their interaction with HealthView. Regardless of the rationale, it points 

to the need for applying multiple methods to evaluate PHRs and other health information technology. 

Different tools can produce both subjective and objective performance data and provide diverse 

perspectives about system usability
9
. 

The more comprehensive the functionality of a PHR, the more useful it will be to patients and 

clinicians. In other studies, features that were most often requested by potential users included email 

communication with physicians, medication reconciliation, medical record access (and granting new 

physicians permission to access these records), and preventive care reminders
10,47

. In the current study, 

87% of participants were also interested in emailing their physicians. This feature may be of particular 

importance, since provider utilization of PHR functionality (such as electronic communication with 

patients and the integration of patient-entered data into medical records) is essential for increasing PHR 

adoption. Other highly desired features included making appointments, reviewing allergies and 

immunizations, accessing medical reports, reading about medications and general and patient-specific 

health issues, and tracking personal health conditions. Access to such information and knowledge can 

be leveraged by patients to manage their health and to better inform their healthcare-related decisions. 
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