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Abstract

Background: An eHealth intervention using computer tailored technology including several behavior change techniques was
developed to support the self-management of chronic obstructive pulmonary disease patients.

Objective: The goal of this study was to evaluate and improve the usability of the eHealth intervention.

Methods: We conducted a usability evaluation with 8 chronic obstructive pulmonary disease patients, with a mixed methods
design. We improved the usability through iterative cycles of evaluation and adaptation. Participants were asked to think aloud
during the evaluation sessions. Participants then completed a semi-structured interview. The sessions were observed and recorded.
Descriptive statistics and content analysis were used to uncover usability issues.

Results: Areas for improvement were layout, navigation, and content. Most issues could be solved within 3 iterations of
improvement. Overall, participants found the program easy to use. The length of the program urged us to further analyze the
appreciation of behavior change techniques. Some were perceived as helpful and easy to use, while others evoked frustration.

Conclusions: The usability study identified several issues for improvement, confirming the need for usability evaluation during
the development of eHealth interventions. The uncovered strengths and limitations of behavior change techniques may lead to
optimization of eHealth interventions, but further insight is needed.

(JMIR Res Protoc 2013;2(1):e3) doi: 10.2196/resprot.2246
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the
major causes of morbidity and mortality worldwide [1]. COPD
patients suffer a progressive deterioration of respiratory function

along with significant systemic consequences [2]. Although the
airflow limitation is not fully reversible, hospital admissions
can be reduced and health-related quality of life can be improved
by adequate patient self-management [3,4]. Self-management
interventions should focus on behavior modification, such as
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smoking cessation, physical activity, and medication adherence,
in order to attain improvement in health status [5]. Many
home-based disease management programs have been developed
to improve the health of chronically ill patients [6] including
COPD patients [7]. These programs make use of eHealth.

EHealth interventions have become quite popular in number
and reach. They are accessible over the Internet or mobile
technologies and can offer information to support health-related
behavior change to large population segments at any time with
decreased personnel demands [8]. Especially the usage of
computer-tailored technology for patient education and changing
lifestyles is becoming increasingly popular in eHealth programs.
Computer-tailored technology has been shown to effectively
support behavior modifications [9,10]. For example, smoking
cessation studies by Strecher et al [11] and Te Poel et al [12]
showed higher continued abstinence rates in the group that
received a Web-based tailored smoking cessation intervention
compared to the control group. Computer tailoring principles
can also be applied for changing multiple behaviors [13,14].
By tailoring feedback messages to a person’s responses,
messages become more personalized and matched to key
theoretical determinants of the behavior and characteristics of
the person [15,16]. For example, a smoking relapse prevention
program of Elfeddali et al [17] used name, gender, and
motivational characteristics, such as perceived pros and cons
of not smoking, levels of self-efficacy, and perceived stress.
Personalization and adaptation of computer-tailored messages
result in increased attention, appreciation, and processing of
information [14,16].

Despite the growing popularity of eHealth interventions, it is
very common for users who experience difficulties with the
program to discontinue program use or drop out of a study
before completion [18,19]. A critical factor for the uptake and
retention of consumers for these programs is a high quality
user-centered design [19]. To make a program efficient,
effective, and satisfying to use, a usability study on the program
can be conducted [20,21]. Usability studies enable developers
to discover problems with the program and to explore end users’
experiences. In many practical usability engineering situations
where it is not necessary to collect quantitative data for
benchmark purposes, it is possible to gain sufficient insight with
a small test group [22]. Iterative cycles of evaluation and
adaptation can be followed to obtain this information to improve
the prototype and increase its user-friendliness [20,23].

In the MasterYourBreath project (AdemDeBaas in Dutch), a
computer-tailored program is accommodated to support
self-managed behavior change of COPD patients. This paper
reports findings from one of the first phases of this project—the
evaluation of the usability of the program. A pragmatic approach
was followed, with 3 iterations of detection and resolution of
usability problems.

Methods

Design
This was an exploratory study with a mixed methods design.
The study contained a usability evaluation with an iterative
design to assess and improve the user-friendliness of the
program. In addition, research was carried out to examine end
users opinions on the behavior-change techniques (BCTs)
integrated in the program.

Recruitment
We recruited 8 Dutch speaking COPD patients from the
Maastricht region, the most Southern part of the Netherlands.
All participants were capable of using a computer. To create a
heterogeneous sample of COPD patients, half the patients were
recruited through their family doctor and the other half through
flyers in the Maastricht University Medical Center.

Ethical Considerations
This study was in accordance with all applicable regulations
and was approved by the Medical Ethical Committee of
Maastricht University Medical Center. All participants received
an information letter about the study and participated in an
informed consent procedure with a researcher. All participants
received a gift voucher after the evaluation session.

Prototype Description
The prototype described in this paper was a further development
of existing computer-tailored programs for behavior change,
originally developed for public health research. The Internet
application Tailorbuilder (OverNite Software Europe, Sittard,
NL) based on Perl and a MySQL5 database served as a container
for domain-specific knowledge such as routing procedures,
tailoring rules, and feedback messages.

The kernel of the program is a reasoning engine, which is based
on the I-Change Model for behavior change [24,25]. It
incorporates 8 BCTs in a predefined order (Table 1, [26,27]).
Researchers can enter domain-specific knowledge about
smoking cessation, physical activity, and other desired
behaviors. This knowledge will be captured into specific
questions, rules, and advices. Via a Web interface, patients and
other users can access the program to seek advice. They can
choose between different modules, including a general
assessment module for health risk appraisal and 3 modules
targeted to change specific behaviors. These behaviors are
smoking cessation, medication adherence, and physical activity.

So far, the program has only been used in the general population.
The modules for smoking cessation and physical activity were
based on earlier projects [14,25] and were adapted for the COPD
target group. The medication module was developed specifically
for the MasterYourBreath project.
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Table 1. BCTs defined by Michie et al [27].

DefinitionBCTs used in this prototype

Information about the relationship between the behavior and its possible or likely consequences in the
general case, usually based on epidemiological data, and not personalized for the individual (contrast with
technique 2).

1. Provide information on consequences
of behavior in general

Information about the benefits and costs of action or inaction to the individual or tailored to a relevant
group based on that individual’s characteristic (ie, demographics, clinical, behavioral, or psychological
information). This can include any costs or benefits and not necessarily those related to health (eg, feelings).

2. Provide information on consequences
of the behavior to the individual

Involves information about what other people think about the target person’s behavior. It clarifies whether
others will like, approve, or disapprove of what the person is doing or will do.

3. Provide information about others’ ap-
proval

The person is encouraged to make a behavioral resolution (eg, do more exercise next week). This is directed
towards encouraging people to decide to change or maintain change.

4. Goal setting (behavior)

This presumes having formed an initial plan to change behavior. The person is prompted to think about
potential barriers and identify the ways of overcoming them. Barriers may include competing goals in
specified situations. This may be described as problem solving. If it is problem solving in relation to the
performance of a behavior, then it counts as an instance of this technique. Examples of barriers may include
behavioral, cognitive, emotional, environmental, social, and/or physical barriers.

5. Barrier identification/problem solving

This involves providing the participant with data about their own recorded behavior or commenting on a
person’s behavioral performance or a discrepancy between one’s own performance in relation to others’.

6. Provide feedback on performance

Involves prompting the person to plan how to elicit social support from other people to help him/her
achieve their target behavior/outcome. This will include support during interventions (eg, setting up a
buddy system or other forms of support and following the intervention including support provided by the
individuals delivering the intervention, partner, friends, and family).

7. Plan social support/social change

Involves focusing on how the person may be an example to others and affect their behavior (eg, being a
good example to children). Also includes providing opportunities for participants to persuade others of
the importance of adopting or changing the behavior (eg, giving a talk or running a peer-led session).

8. Prompt identification as a role model/po-
sition advocate

Prototype Walkthrough
A typical scenario for using the program is as follows. After
logging in to the program for the first time, participants filled
out the assessment module, measuring smoking behavior,
medication adherence, and physical activity. The assessment
module consisted of demographical questions, questions to
assess smoking behavior, the Fagerström Test for Nicotine
Dependence [28], the Medication Adherence Report Scale
(MARS-5) [29] to assess medication adherence, the Short
Questionnaire to Assess Health-Enhancing Physical Activity
(SQUASH) [30] to assess physical activity, and questions
assessing the stages of change [31] and intention to change these
3 behaviors on a Likert scale. This questionnaire elicited health
risk appraisal feedback, which contained information on the
users’ lifestyle.

When participants logged in the second time, they were invited
to choose from one of the behavior modules. The module started
with the assessment of the motivational beliefs toward a
particular behavior. Responses then generated tailored feedback.
Consequently, the program assessed social influence on the
behavior and provided feedback. Plans for behavior change
were then assessed and tailored to the feedback in an action
planning step. Finally, the program attempted to improve
self-efficacy by identifying barriers participants experienced
when changing or maintaining the behavior and by assessing
plans that participants made to overcome these barriers. This
yielded feedback on the identified barriers and approaches to
overcome them. See Table 2 for an overview of the program
including the BCTs used per intervention component.

Table 2. BCTs used in the program.

BCTs integrated in the intervention componentsaIntervention componentsUsers actions

1, 6Questionnaire assessing demographics, intention
for behavior change, stages of change, and a
health risk assessment. Health risk appraisal
feedback was based on the outcomes of the as-
sessment.

Users fill out the assessment module and receive
health risk appraisal feedback

1, 2Motivational beliefsUsers receive feedback in one of the modules
(smoking cessation, physical activity, or medica-
tion adherence) 3, 7, 8Social influence

4Action planning

5Self-efficacy

a These steps correspond to those shown in Table 1.
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Procedure and Data Collection
All evaluation sessions took place in a laboratory setting at
Maastricht University Medical Center, except one, where a
participant was visited at home due to his medical condition.
The test scenario for the users was to log on, follow the
instructions presented in the program, and complete the program.
A test script for the moderator was written out in detail. Analysis
guidelines were written out in advance. Prior to starting the
usability study, the procedure was pretested on one individual,
who was not participating in the usability study and not
diagnosed with COPD, to ensure that all aspects of the usability
evaluation would function adequately.

The study was performed in successive series of individual tests.
For each series we asked 5 test subjects, or less if saturation
was reached. We planned for 3 series, with the possibility to
proceed should new usability problems arise continually. All
series were conducted by the same moderator and observer, and
both were not involved in the development of the program. The
moderator guided the participants through the test but did not
intervene or disrupt the thinking process. She would only
provide help if participant explicitly requested help to proceed
with the tests. Both the moderator and the observer noted the
problems participants encountered.

Participants were asked to perform 2 tasks, which were the same
as those that would be performed by future program users. The
first task was to go to the website, log on, and complete the
assessment module to receive health risk appraisal feedback.
The second task was to complete one of the modules aimed at
changing a specific behavior. Within each task, the users had
no freedom of navigation, which assured that every participant
encountered the same elements of the program. The think aloud
method was used to assess participants’ reasoning and the source
of their problems while using the computer program [32].
Participants were asked to verbalize their thoughts while
performing the tasks. We emphasized that the intention was to
evaluate the program and not the participants’behavior, in order
to encourage participants to talk freely. Because thinking aloud
is an unusual task, participants were given one chance to practice
this task. Morae video-analytic software (TechSmith

Corporation, Okemos, MI, USA) was used to capture screen
display, mouse clicks and participants’ verbal comments along
with nonverbal reactions using a webcam. This allowed the
moderator and observer to review the sessions to identify
problems that were missed during the sessions. Figure 1 shows
a screenshot of a recording of the pretest.

In the last step of each session, participants were interviewed
about their experiences with the tasks and their prior computer
experience. At the end of the interview, the users were asked
to rate the program on a scale from 0 to 10, with 0 being very
bad and 10 being excellent. The observer took field notes and
composed a descriptive summary from each interview.

Analysis
Descriptive statistics (ie, median and range) for task completion
rate, completion time, program rating, and demographical
characteristics of participants were computed. To uncover
usability issues, the think aloud data, keystrokes, and mouse
clicks were reviewed by both the observer and the moderator.
They independently placed markers in the video recordings at
times that participants encountered problems during task
performance or commented on the content of messages. These
markers, along with descriptive summaries, field notes, and the
interviews, were used to identify the problems participants
experienced working with the prototype. Quantitative criteria
for usability problems were completion time, number of help
questions, and number of errors. For the qualitative data, a
content analysis approach was used [33]. Observer and
moderator together grouped these problems into 3 categories
(content, layout, and navigation) and identified the major
problems from the list of problems. Major problems were system
errors, problems that repeatedly occurred, problems that caused
user irritation, and problems that were recalled by the user in
the interviews. All other marked problems were labeled as minor
problems. When no new major problems were identified by a
participant, the results were used for program refinement. This
process was repeated in the following rounds, until saturation
was reached. The observer and moderator met frequently to
discuss findings, interpretations, and data synthesis.
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Figure 1. Screenshot of a recording.

Program Improvement
After each evaluation round, the detected problems of major
importance were further classified into 2 groups. These groups
were problems that could be solved with simple solutions
implemented by the research team quickly before the next round
of usability evaluation, and problems that required complex
solutions. The solutions to the more complex problems had to
be implemented by the vendor of the system, therefore these
items were put on a wait list for a future upgrade.

Results

Participant Characteristics
The tests were conducted in 3 series. In the first round, 4
participants were tested, 2 in the second round, and 2 in the
third round. Of the participants, 4 were recruited by their family
doctor and 4 from the hospital. The ages of the 8 participants
ranged from 51-70 years, (median 59.5). There were 5 male and
3 female participants. The education level of the participants
varied—5 had a high level of education, 2 had an intermediate
level, and 1 a low level of education. Internet experience ranged
from 5-20 years, while current computer use varied from 3-21
hours per week. None of the participants were familiar with the
prototype that was evaluated. The severity of disease ranged
from mild COPD to very severe COPD, needing oxygen therapy.

Usability Issues
The completion time of both tasks together varied from 42-120
minutes with a median of 67 minutes (71 minutes in round 1,
82 minutes in round 2, 59 minutes in round 3). Filling out the
assessment module and receiving the health risk appraisal
feedback (task one) took less time (15-39 minutes, median 29
minutes) than completing one of the modules aimed at changing

a specific behavior (22-84 minutes, median 40 minutes).
Completion rate was 100% in all cases. The number of help
questions per participant varied from 0-2 (median 1) and the
number of errors from 0-6 (median 1). Participants in the third
round had the least usability problems, with only 1 help question
(font size) and 1 navigation error (scrolling).

The participants’ rating of the program ranged from 6-9 on a
10-point scale (median 7.75). They were generally satisfied
with the layout of the program. All participants were able to
navigate through the program with minimal interference of the
observer. During the interviews participants commented that
the program was overall easy to navigate and the content was
comprehensible. Nonetheless, suggestions for improvement
were made. Analysis revealed specific problems in 3 domains:
layout, navigation, and content. These problems and the changes
we made after each round of testing are explained below and
the major problems are summarized in Table 3. In the third
round only some new minor problems arose as major problems
reached saturation.

Layout
Most participants in the first round overlooked the information
regarding the option of increasing the font size. As a solution,
we improved the visibility of this instruction by repositioning
it to the top left hand corner of the page, adding a title and
increasing the font size of the instruction. All participants in
the next round of testing noticed it.

Another problem concerned filling out a question matrix. A
participant clicked in the wrong check box, which led to
incorrect answers. This problem was solved by leaving a blank
line after every 3 lines of questions with answer options.
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A minor problem was uncovered in the third round of testing
and related to the utilization of the unfolding questions. An
unfolding question is a question that appears only when a certain
answer is given to the previous question. The position of these
questions confused a participant, because the unfolding question
appeared right after the given answer instead of after the former
question.

Navigation
Every participant completed both tasks without any navigation
problems in the first round. In the second round of testing,
participants noticed the instruction to change the font size, but
this introduced 2 new navigation problems. Participants pressed
the wrong keys in trying to increase the font size by pressing
the key combination “Ctrl +”. Thereafter, we improved the
instructions. Despite this change, a participant still struggled
with increasing the font size in the last round of testing. Another
navigation problem was linked to the need to scroll to view all
of the information after increasing the font size. Three
participants who increased the font size forgot to scroll down
to see the rest of the page.

Content
We detected 4 major usability problems concerning the content
of the questions and feedback messages. The first content
problem manifested in the physical activity questionnaire
(SQUASH) that was part of the health risk appraisal. Participants
who were retired or unemployed were irritated by the 4
work/school related questions. One participant commented that
“one would almost feel discriminated against”. All participants
in the first round of testing used these questions to fill out the
time they spent walking and bicycling at their leisure, being
unaware of the fact that they would be asked about these
activities later. As a consequence, they reported the same
activities twice, which resulted in an overestimation of the
amount of minutes spent walking and bicycling. We solved this
problem by adding an option “I do not have a job/go to school”
and changing the sequence of the questions (see Table 3 for
changes across rounds). During the last round of testing,
participants completed this part correctly.

The second problem concerned the perceived similarity of 2
questions—the question that assessed the stages of change and
the question that measured the intention to change on a Likert
scale. These 2 questions were very similar and all participants
in the first round of testing perceived this as unnecessary and
expressed frustration. We initially solved this by adding an
explanation to the second question that these questions might
look similar, but have different response options. In the second
round participants showed no frustration, but still a participant
commented that asking this question twice was unnecessary.
We decided to eliminate the second question.

The third problem concerned the length of the program. As a
matter of fact, each behavior module urges the user to pass
through all BCTs, which takes time. One participant
recommended shortening the feedback messages. Also,
participants often did not take the time to read all feedback
messages and commented that it was a lot to read.

The last problem was brought to our attention by a participant
who suffered from severe COPD. He stated that the feedback
was not appropriate to his situation, due to the severity of his
condition. “If this is for people like me, there should be
adjustments for functional limitations. Here they talk mainly
about the possibilities, about people who are mobile etc., but
the people who cannot get out of the house, for those
adjustments should be made.” He also expressed that the term
“physical activity norm”, which was used in the feedback,
sounded too negative. He reflected that achieving the norm
highly depends on a person’s possibilities to achieve the norm.
We removed the term physical activity norm, but still gave the
recommendation to be physically active for 30 minutes a day.

In addition to the above modifications, some minor changes
were made. A participant suggested that an extra question about
breathing problems during physical activity was missing. This
question was added. A clarifying example for a question about
medication intake was removed, since this led to confusion and
incorrect responses. Also, some changes to word choice were
made in response to comments. For example, one participant
found the terminology “COPD patients” rather offending. She
reasoned that a person is more than a patient. “I find the word
COPD patient or cancer or lung patient a nasty slogan... I am
not the disease, I have it.” We followed this recommendation
and replaced “COPD patient” by “people with COPD”.

Post-Hoc Analysis: Evaluation of the BCTs
One of the problems identified by the participants was that the
program length was too long. As the length of the program was
hindered by the requirement that all participants must pass
through all the BCTs, we reanalyzed the think aloud data using
content analyses to assess the users’ opinions about each BCT.

Participants agreed with the information on consequences of
behavior in general (BCT 1) and talked about how this was
applicable to their own lives. One participant thought that it
was more useful to younger people, who are not yet familiar
with the disease.

Opinions concerning BCT 2, information on the consequences
of behavior to the individual, were mixed. One participant
claimed to know all of the information presented in this section
already, while another participant stated that the information
may stimulate behavior change.

The opinions about the 3 BCTs focusing on social influence
(BCT 3, 7, and 8) were mixed—comments were mainly negative
for BCT 3 and 7, while some participants thought that BCT 8
gave good suggestions (ie, joining a sports club or finding a
buddy to exercise with). Information about others’ approval
(BCT 3) was bypassed by some participants. They indicated
not to be concerned about what other people think or do.
Prompting identification as a role model/position advocate (BCT
7) was not appreciated as some particiants thought that behaviors
that require change should only be identified by themselves,
not others. A participant considered this awkward and
patronizing. “I find that hurtful... everybody has their own
motives, you should not talk to people about that. I almost find
that patronizing.” Another participant was afraid that his friends
would not appreciate it if he talked to them about behavior
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change in a persuasive manner. However, this participant
understood that he could also just set the right example instead
and talk about his health achievements without trying to
persuade others.

A variety of views were expressed towards BCT 4, goal setting
(behavior). One participant had difficulties understanding the
questions about plans they made for behavior change. Another
participant thought that it was useful to make plans, while two
other participants found planning useless. One argued that he
was physically active without the need to think of a plan and
felt that this part of the program was not applicable to him.

Five participants had difficulties identifying barriers and
thinking of ways to overcome them (BCT 5)—they had to read

the questions multiple times. These questions were perceived
as hard and annoying. Participants did not have any problems
regarding the feedback that helped them solve their problems.
One participant mentioned that the tailored feedback she
received to overcome the barriers enabled her to plan more
consciously.

Five participants agreed with the feedback on performance (BCT
6) and accepted it. One participant commented that it was
objective, not too strict or pedantic, and initiated thinking about
behavior, while 2 other participants found it too strict. One of
them said she would not take the feedback into consideration.
Participants were happy to receive compliments.

Table 3. Major usability issues and resolutions per round of testing.

ResolutionProblem emergedType of problemRound

Information was made more apparentInformation on increasing the font size was overlookedLayout1

The answer option: “I do not have a job/I do not go to
school” was added to skip the remaining job/school questions

The work/school questions in the SQUASH were annoy-
ing and answered incorrectly

Content

A short explanatory introduction was addedThe assessment of intention and stages of change was
perceived as unnecessary and because of that frustrating

[no quick solution]Program and feedback messages too lengthy

[no quick solution]Scrolling after increased font sizeNavigation

An empty line was inserted after each 3 linesParticipant clicked in the wrong check box, when filling
out answer options

Layout2

Instruction was simplifiedParticipants noticed the option to change font size, but
did not succeed changing it

Navigation

1. A warning to fill out the answer option:” I do not have a
job/ I do not go to school” was added

2. A short overview of the questions was added

3. The sequence of the questionnaire was changed

The work/school questions in the SQUASH were annoy-
ing and answered incorrectly [solution not sufficient]

Content

One question was removedThe assessment of intention and stages of change was
perceived as unnecessary [solution not sufficient]

[no quick solution]Some feedback on physical activity disturbed the partici-
pant suffering from severe COPD

[no quick solution]One participant had problems changing the font size [so-
lution not sufficient]

Navigation3

Discussion

The purpose of this study was to assess and improve the usability
of a computer-tailored program aimed at supporting
self-management of COPD patients. We found a need for
various improvements concerning layout, navigation, and most
importantly content. This is in line with other studies evaluating
the usability of eHealth applications [34,35]. A remarkable
finding was from a participants’ comment that some feedback
was not adequate for severe COPD patients because of their
progressive physical limitations. This finding demonstrated that
feedback should be tailored to the severity of disease.

This study had several limitations. One limitation was inherent
to its pragmatic approach. While as few as 5 test subjects are
considered enough to find the majority of usability problems

[22] and the best revenues from usability evaluations come from
iterative testing [23], such a limited number of participants (we
used 8) is not enough to generate valid and reliable metrics that
can be analyzed [36]. On the other hand, this pragmatic approach
enabled us to correct most problems and retest the program with
corrections implemented.

Another limitation was that we were unable to solve all usability
problems that were found, given the time frame of the usability
study and the technical means. For example, the problem
associated with the lengthiness of the program remains unsolved.
This becomes an issue particularly for future users of the
program, who will not be aided by a moderator. Their frustration
with the long program length may lead to discontinued use of
the program. This is the reason why we decided for a post-hoc
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analysis of the BCTs to explore the possibility of making the
program more elective rather than compulsory.

The question related to that issue is whether the selection of
BCTs should be based on the stage of change [31], the users’
preferences [16], or other considerations. There are many studies
that evaluate the impact of BCTs provided by computer-tailored
programs. For example, a program can enhance the self-efficacy
of carrying out certain behaviors of a user by assessing the
individual’s perceived barriers to physical activity and giving
feedback to increase confidence for dealing with the identified
barriers. Another technique may be to invite persons to make
action plans on how to prepare a new behavior [14,37,38]. Some
BCTs used in eHealth interventions have been shown to be
more effective than others [39]. However, less is known about
how users appreciate the BCTs used in these programs [40].
BCTs have a different content in each study, and it is unclear
which aspects appeal to the users.

The evaluation of responses in our study pertaining to the
content of questions and feedback messages, based on the BCTs,
showed that it is important to achieve an appropriate balance
between positive and objective feedback considering
performance (BCT 6). The rationale for this BCT is to stimulate
behavior change [27]. However, the feedback needs to be
carefully tested. Feedback that is too strict results in frustration
while feedback that is not strict enough does not make patients
aware of their unhealthy behavior. The comments on other BCTs
varied. Some participants found the content useful, while others
expressed a negative opinion. This is in line with the
trans-theoretical construct that states that individuals move
through stages of change and need a corresponding approach
for each stage [31]. A number of computer-tailored programs
provide individuals with the BCTs that match their stage of
change [40]. However, the results of our study imply that users’
characteristics should also be taken into account when selecting
BCTs. For example, BCTs that described consequences of
various behaviors were not appreciated when the participant
felt that he/she already had sufficient knowledge on the topic.
Some participants had problems understanding or appreciating
BCT 4, goal setting (behavior) and BCT 5, identifying barriers
and thinking of ways to overcome these barriers, while others
had no problems and appreciated these BCTs. A
computer-tailored intervention that incorporates these BCTs

could be more helpful for users who prefer to use intensive
cognitive processes, such as active planning and problem
solving. According to dual process models (eg, Petty and
Cacioppo’s Elaboration Likelihood Model [41]), information
can be processed via two routes, the central and the peripheral.
The central route requires more cognitive effort and leads to
more elaborations, whereas information processing via the
peripheral route is more automatic. A personal preference for
information processing, which can be measured by the need for
cognition scale [42] or the information-processing questionnaire
[43], could influence the processing intensiveness of BCTs 4
and 5. Nonetheless, simplifying the questions and feedback
messages in BCT 4 and 5 and lowering the required effort to
process the information could make these BCTs accessible for
a broader population.

Several participants were reluctant to embrace BCTs that
incorporated normative social influence. While the social
environment can be an important factor to influence an
individual’s behavior [44], some participants resisted
acknowledging social influence on their behavior or their
influence on others, as this would compromise their integrity
or that of others. Deutsch et al [45] argued that normative social
influence could undermine individual integrity. Hence, we
recommend that BCTs containing normative social influence
should be carefully applied to prevent users from feeling that
their individual integrity could be compromised, but emphasize
that individuals have independent judgments and learn from
each other to accomplish behavior change.

This usability study was conducted to improve a
computer-tailored program aimed at improving the
self-management of COPD patients, but the usability methods
followed in this usability study can be applied as part of a
user-centered design in any eHealth interventions. This study
uncovered several inconveniencies in the program that could
be resolved, which shows that a usability evaluation with end
users of an eHealth intervention is highly recommended. This
study also revealed that the users appreciated BCTs implemented
in this intervention. These results may be helpful for developers
to consider which BCTs they should use in their eHealth
interventions. Further research is needed to uncover which user
characteristics affect the use of computer-tailored programs and
the choice of BCTs that fit best.
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