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Abstract

Background: The current financial crisis and the increasing burden of chronic diseases are challenging hospitals to enhance
their innovation capacity to deliver new and more effective health services. However, the shortage of skills has been widely
recognized as a key obstacle for innovation. Ensuring the presence of a skilled workforce has become a priority for the health
system in Portugal and across Europe.

Objective: The aim of this study was to examine the demand of new skills and their influence in both investments in innovation
and development of skills.

Methods: We used a mixed-methods approach combining statistical analysis of data survey and content analysis of semistructured
interviews with the Administration Boards of hospitals, using a nominal group technique.

Results: The results illustrate an increasing demand of a broad range of skills for innovation development, including responsibility
and quality consciousness (with a significant increase of 55%, 52/95), adaptation skills (with an increase of 44%, 42/95) and
cooperation and communication skills (with an increase of 55%, 52/95). Investments in the development of skills for innovation
are mainly focused on aligning professional training with an organizational strategy (69%, 66/95) as well as collaboration in
taskforces (61%, 58/95) and cross-department teams (60%, 57/95). However, the dynamics between the supply and demand of
skills for innovation are better explained through a broader perspective of organizational changes towards enhancing learning
opportunities and engagement of health professionals to boost innovation.

Conclusions: The results of this study illustrate that hospitals are unlikely to enhance their innovation capacity if they pursue
strategies failing to match the skills needed. Within this context, hospitals with high investments in innovation tend to invest
more in skills development. The demand of skills and investments in training are influenced by many other factors, including the
hospital’s strategies, as well as changes in the work organization. Relevant implications for managers and policy makers can be
drawn from the empirical findings of this paper, building on the current efforts from leading innovating hospitals that are already
defining the future of health care.

(JMIR Human Factors 2014;1(1):e1)   doi:10.2196/humanfactors.3598
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Introduction

The increasing burden of chronic diseases, the aging population,
and the current financial crisis are challenging hospitals to
reinvent their health care delivery models, restructure their
organizations, and redefine their value. Tackling such challenges
require new skills for enhancing organizational flexibility,
improving performance, and promoting innovation [1,2].

The shortage of skills remains a key obstacle for innovation,
particularly in hospitals pursuing radical and disruptive changes.
Innovation depends largely on the health professionals who are
able to create and apply new ideas and knowledge in their daily
work [3,4]. Therefore, it has become important to ensure that a
skilled workforce is present for delivering high quality health
services to strengthen the health system in Portugal, as well as
across Europe. Such emphasis on skills and innovation is
reflected by several efforts to bridge and narrow the current
skills and productivity gap [5,6].

Hospitals have long focused on the development of skilled
health professionals through continuous efforts in training and
education. As they struggle to ensure the right skills for
innovation, it is particularly relevant to better understand the
different types of skills needed for innovation and the best ways
to ensure continuous improvement.

However, previous efforts to make explicit the links between
specific skills and innovation have proven difficult [7-9]. The
broad definitions of skills and innovation, as well as the
difficulty of measuring them have limited the identification of
such relationships [10,11].

Previous research has been focused on the demand of skills to
make the best use of the new technologies, while the investments
in skill development by hospitals has been significantly less
studied [12]. However, such narrow approach might result in
several drawbacks, including an increased number of unsuitably
qualified professionals or discouraging their engagement in
innovation activities.

Recognizing the relevance of the dynamics between skills and
innovation, current initiatives from the European Commission
and Organisation for Economic Co-operation and Development
(OECD) are supporting significant advances in this area. The
New Skills for New Jobs initiative from the European
Commission sets out to promote better anticipation of future
skills needs, to reach a better match between skills and labour
market needs as well as to bridge the gap between education
sector and the labour market [13].

Empirical evidence suggests that the right combination of
technological and organizational innovations may result in high
relevance of interpersonal competencies or so called “people
skills” as well as non-routine problem-solving [14,15].

Furthermore, OECD Skills Strategy provides an integrated
strategic framework to better understand effective ways of skills
development for economic growth. The strategy takes a
whole-government approach in order to match the supply and
demand of skills for innovation [16]. The global independent
commission on health professional education for the 21st century

has proposed a strategic framework on health professional’s
education for the next century with the objective of reaching a
balance between population health needs, health-system demand
for skills, and what the educational system can offer [17,18].
The Commission proposes a new era of health professional
education is mainly based on transformative learning and
interdependence in education. All these initiatives highlight that
the future will be based on adjustments of skills to specific
contexts, which draws on the power of flows of information
and knowledge.

This paper takes a dynamic approach with a focus on the
changing trends with specific definitions in three dimensions.
Technological innovation refers to the development and
dissemination of new technologies, including information and
communication technologies (ICT). Organizational innovation
refers to changes in the work organization including investments
in new skills and competences. Finally, skill changes reflect the
combination of these factors, thus redefining the skills within
new organizational processes. Such trends are particularly
relevant to better understand how the hospital sector is being
reshaped to improve innovation capacity. Empirical evidence
suggests that the right combination of technological and
organizational innovations may result in high relevance of
interpersonal competencies, as well as non-routine problem
solving [19,20].

The aim of this paper is to explore the relationship between
skills and innovation. It analyses the interaction between supply
and demand for skills within a dynamic approach, such that
both innovation and skill requirements are also changed.
Throughout the hospital sector, there are several
forward-thinking hospitals, which are developing new skills for
enhancing their innovation capacity. Therefore, we will further
explore the way innovating hospitals are already matching both
skills and innovation development.

Methods

Overview
A mixed methods design was used to explore the relationship
between skills and innovation development at the hospital sector.
This study systematically integrates multiple forms of
quantitative and qualitative data collected through a survey, a
series of interviews and a technical nominal group.

Demand of Skills and Work Organization
Primary data was collected through a survey in order to examine
the changes in the skills supply and demand, and their impact
on innovation capacity of hospitals. A revised version of the
survey Danish System of Innovation in a Comparative
Perspective (DISKO) developed by the Danish Research Unit
for Industrial Dynamics (DRUID), was used and adapted to the
hospital sector [21]. This survey is based on the search for
“organizational traits” related to the hospital capacity to adapt
changing and unstable environments. The survey measures the
changes in terms of skills, work organization, as well as
innovation capacity of hospitals during a period of 3 years since
2007. The survey was submitted to a pre-test in 6 different
hospitals to assess its validity, reliability, and comprehensibility.

JMIR Human Factors 2014 | vol. 1 | iss. 1 |e1 | p.3http://humanfactors.jmir.org/2014/1/e1/
(page number not for citation purposes)

Dias & EscovalJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The paper-survey was submitted by post mail to a national
sample of 136 hospital boards, identified from the official list
of hospitals in the Portuguese public sector. A total number of
95 administrators from hospital management boards replied to
the survey during a period of three months, corresponding to a
response rate of 70%.

Statistical analysis of the data was performed in order to
examine the current trends for the skills needed for innovation
in the hospital sector. In all cases, the level of significance was
P<.05. All statistics were calculated with SPSS version 15.0
(SPSS Inc, Chicago, IL, USA).

Development of Skills for Innovation
A series of interviews were carried out in 5 hospitals, which
were selected based on the highest levels of investments in both
innovation and skills development, according to the survey data.
Semistructured and face-to-face interviews were undertaken
with the aim of identifying the major mechanisms for matching
skills and innovation development at the hospital sector.

The data from the interviews was submitted for content analysis,
which consisted of a comparative assessment of the frequency
and significance of the different categories.

Dynamics Between Skills and Innovation Development
Finally, the nominal group technique was applied to the data
with the objective of consensualizing the major findings in terms
of the relationships between skills and innovation development.
The group included experts from hospital administration,
financing, information system, and human resources
development. A modified nominal group technique was applied
by introducing evidence for discussion in a stepwise way before
voting. The use of votes by the experts was to overcome an
unequal representation of different opinions.

The analysis of both qualitative and quantitative data has brought
a comprehensive picture of the interaction between skills and

innovation at the hospital level, which might have been
overlooked by a simpler method.

Results

Overview
The results revealed the main trends of the skills demand, as
well as their influence in the innovation capacity of hospitals.
It further explores the complementarities between skills and
innovation, as well as major mechanisms for advancing both at
the hospital level.

Demand of Skills and Organizational Innovation
The administration boards of hospitals were explicitly asked
about changes in the demand for skills during a period of three
years. The demand of skills was analysed in four dimensions:
responsibility and quality consciousness, ability of adaptation
to change, cooperation and communication skills, as well as
vocational qualifications.

Table 1 shows an increasing demand of a broad range of
“generic” skills, including responsibility and quality
consciousness (52/95, 55%), adaptation (42/95, 44%), and ability
to cooperate and communicate (52/95, 55%).

However, there were significant differences in terms of the skills
needed according to the innovation capacity of hospital.
Therefore, the total number of hospitals was clustered by the
innovation rate, which was measured as the number of
innovations developed by the hospital per year. The two clusters
by innovation capacity included 38 innovating and 57
non-innovating hospitals.

However, innovating hospitals revealed a significantly higher
demand of skills for innovation, including a 72% (28/38)
increase in the demand for responsibility and quality
consciousness (P=.02), and 63% (24/38) increase for adaptation
skills (P=.03), as well as an increase of 62% (24/38) for
communication and cooperation skills (P=.02).

Table 1. Number of hospitals with increasing demand of specific skills in a three years period.

All

(N=95)

Non-innovating hospitals

(n=57)

Innovating hospitals

(n=38)

Skills

n (%)n (%)n (%)

52 (55)24 (42)28 (72)Responsibility and quality consciousness

42 (44)18 (32)24 (63)Adaptation

52 (55)28 (32)24 (62)Communication and cooperation

39 (41)18 (31)21 (56)Vocational qualifications

Table 2 shows the main changes of work organization, which
are related to the development of skills in the hospital sector.
These new forms of work organization are mainly focused on
the increase of delegation of tasks by 21% (20/95), transversal
work groups by 13% (12/95), integrated services delivery by
14% (13/95), as well as quality circles, which has increased by
8% (8/95). Other organizational changes including remuneration
based on performance (5/95, 5%), systems of gathering
proposals from health professionals (2/95, 2%), and planned

work rotation (5/95, 5%) are significantly less widespread in
the hospitals.

The increasing use of these new forms of work organization is
significantly higher in innovating hospitals. This is particularly
true regarding the 22% (9/38) increase of transversal working
groups (P=.01), a 17% (6/38) increase of quality circles and
services integration (P=.04), as well as a 14% (5/38) increase
for remuneration based in performance (P=.01).
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Table 2. Number of hospitals with an increasing adoption and use of new forms of work organization in a three-year period.

All

(N=95)

Non-innovating hospitals

(n=57)

Innovating hospitals

(n=38)

.

n (%)n (%)n (%)

12 (13)3 (5)9 (22)Transversal work groups

8 (8)2 (3)6 (17)Quality circles

2 (2)0 (0)2 (5)Systems of gathering proposals from
health professionals

5 (5)3 (5)2 (6)Planned work rotation

20 (21)5 (9)15 (39)Delegation of functions

13 (14)6 (10)7 (17)Integrated services delivery

5 (5)0 (0)5 (14)Remuneration based in performance

The survey data brings further insights in terms of the main
drivers behind these trends. Such changes are mainly driven by
the need to establish better contacts with users (52/95, 55%)
and the introduction of new technologies (47/95, 49%). In less
extension, they are also motivated by demands from health
professionals (31/95, 35%), opportunities for skill development
(31/95, 33%), need to establish better contacts with
subcontractors (31/95, 33%), as well as the need for higher work
flexibility for health professionals (31/95, 33%). Other drivers
like competition (25/95, 26%) and the development of new
products or services (23/95, 24%) are the least relevant to
explain such trends in work organization.

Development of Skills for Innovation
Given the increasing demand of skills for innovation, we further
examined the way and the extent in which hospitals invest in
skills development.

The majority of hospitals consider investments in skills
development as key for innovation. However, the main
differences lie in specific mechanisms of skills development
for innovation. Table 3 shows the different use degree of
mechanisms for the development of skills in the hospital sector.

Hospitals recognize the need to align professional training to
the organization needs, as used in high extension by 63% (66/95)
of the total number of hospitals. Other major mechanisms
include the organization by working teams (58/95, 55%), as
well as cross-department cooperation and long term planning
of professional training, both extensively used by 54% (57/95)
of hospitals.

Table 3. Number of hospitals using specific mechanisms for the development of skills in different extension degrees (N=95).

NoneLowMediumHigh

1 (1)6 (6)22 (21)66 (63)Professional training based on organizational needs

0 (0)8 (8)25 (24)58 (55)Organization by working teams

4 (4)7 (7)27 (24)57 (54)Cross- department cooperation

6 (6)4 (4)27 (26)57(54)Long term plans for professional training

0 (0)23 (22)35 (33)37 (35)Standard training courses

1 (1)16 (15)51 (49)27 (26)Time available for learning with other professionals

2 (2)24 (23)43 (41)26 (25)Planned job rotation

Dynamics Between Skills and Innovation Development
The content analysis of interviews highlights the dynamic nature
of skills and innovation development and the relevance of
matching both processes.

The interviews to the administration boards of hospitals revealed
that these hospitals are looking for the necessary skills in order
to realize their strategy over the next years. Daily problem
solving is preferred as a major mechanism to ensure the right
skills for innovation by 32% (30/95) of the hospitals rather than
traditional standard training, as referred by 26% (25/95) of the
hospitals.

However, external cooperation is the key mechanism for
matching the demand and supply of skills for innovation as
mentioned by 42% (40/95) of the hospitals. The relevance role
of external cooperation has been revealed both by the content
analysis of the interviews as well as the expert panel, since it
was not included in the survey.

Through the nominal group technique, the expert panel has
agreed on the main priorities for matching match innovation
and skills development at the hospital level. The expert panel
has identified the development of integrated information systems
as the top priority for sharing information and creating
knowledge to boost organizational learning towards innovation.
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Other long-term measures included dynamic planning of human
resources and streamlining the management of human resources.
Furthermore, it was identified that management by objectives
and professional development were “quick-win” measures.
These priority measures reflect the key role of human resources
management and planning in order to advance innovation
capacity of hospitals.

Discussion

Demand of Skills and Organizational Innovation
Our results suggest that a broad range of skills is engaged in
innovation development in the hospital sector. These include
not only specific technical skills but also higher-level problem
solving skills. In fact, innovation encompasses a broad range
of activities, requiring the engagement of many different groups
of health professionals. Such change relies largely on learning
by doing while designing and implementing innovations in the
hospital sector. Therefore, the so-called “generic” skills,
including responsibility and quality consciousness, capacity to
adapt, and communication and cooperation are particularly
relevant for innovation development.

The results also suggest that organizational changes are a key
factor for explaining the current demand of skills. New forms
of work organization are mainly aimed at enhancing
organizational flexibility. These measures include
decentralization of management mechanisms, as well as
dissemination of teamwork across the organization. This is
particularly true to innovating hospitals, which tend to be highly
collaborative with an emphasis on multifunctional teams
engaged in problem-solving cycles supported by spaces for
constructive dialogue. Therefore, health professionals must be
able to take on different tasks and responsibilities through
effective cooperation across hospital departments and other
organizations. Rather than specific skills to perform standardized
and isolated tasks, knowledge of the wider process in which
they are involved is preferred.

Development of Skills for Innovation
Hospitals are looking for highly skilled health professionals
who are able to use and improve new technologies and services.
Results suggest that hospitals with higher investments in
innovation are also more willing to invest in skill development.
Innovating hospitals differ especially in their demand for
flexibility and communication abilities.

Increasing investments in skills development focus on informal
ways of learning across the hospital’s departments, for example,
through learning-by-doing and teamwork, rather than the
traditional standard courses.

Both the hospital administration boards and the expert panel
highlighted the transformative role of ICT in the hospital sector.
The main argument for connecting investments in the
development of skills and ICT is that skilled health professionals
are able to ensure higher performance though the use of these
technologies. However, the transformation of the health sector
is probably better understood through a broader perspective of
changes in the work organization.

Organizational innovations put a premium on the learning
capability of hospitals to absorb change, as well as of the skills
of interaction and communication. Such results points out the
importance for supporting the creation of “learning
organizations”. Within this context, investments in skills
development further improve the innovative potential of
hospitals by valuing the creative efforts and multiplying
opportunities for learning across the hospital.

Dynamics Between Skills and Innovation Development
Innovating hospitals pursue high value-added strategies, which
typically involve strong emphasis on research, high technologies,
and skill-intensive work. In many hospitals, financial incentives
encourage short-term efficiency but fail to recognize the
importance of experimentation to achieve innovation and greater
efficiency. For example, some innovating hospitals allow their
health professionals to spend one-sixth of their time on any
project that interests them.

These hospitals also encourage collaborative arrangements with
other organizations in order to gain long-term advantages from
interactive learning, even if there are additional short-term costs.
This is best achieved by confronting hospitals not with a single
best practice model, but rather by encouraging a stepwise
transformation. While such an approach might not be applicable
to all hospitals, it has been proven to enhance health
professionals’commitment and motivation to boost innovation.

External cooperation with other organizations, for example,
universities and research institutes, is another key mechanism.
The way hospitals are engaging in these collaborative networks
is critical for ensuring the right skills for innovation by sharing
ideas and information, as well as redefining and reinventing
their value.

The coordination of processes and collaboration among the
broad range of stakeholders requires the capacity for monitoring
and evaluating performance, including the value of interventions
along the health care continuum, as well as the health outcomes
for the patient measured over their lifetime. Innovating hospitals
are already enhancing smart decision-making through the
development of integrated information systems at the point of
care. The capacity of hospitals to collect and store, use, and
share information becomes a critical skill for innovation
strategies. These new skills have the potential to transform the
hospital sector by shifting from reactively treating diseases to
a more proactive approach of health promotion. It is within this
context that the knowledge created across the hospital sector
can be translated into practice more effectively, with health
professionals, researchers, and informatics collaborating in real
time.

Conclusions
The paper reveals the difficulty to disentangle the skills driving
innovation from those as a result of change. The relationship
between skills and innovation becomes circular and cumulative
overtime.

A broad range of workforce skills are involved in the
development of innovation in the hospital sector. This is
particularly relevant in the hospital sector where incremental
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change in products, services, and processes remains as the
predominant form of innovation. However, as most notably
demonstrated in this paper, skills are a necessary but not
sufficient condition for successful innovation. The demand of
skills and investments in training are influenced by many other
factors, including the hospital’s strategies, as well as changes
in the work organization.

Empirical findings of this paper have relevant implications for
managers and policymakers. While many decisions in terms of
human resources remain at the core of the hospital management,
national policies also have significant scope to influence such
decisions. In particular, policies enabling organizational
flexibility and facilitating investments in training may support
hospitals in their innovation efforts. However, current policies
have remained mainly as a top-down, fragmented approach,
with a particular focus on the supply of skills for innovation.
There is the need to adopt a more dynamic approach to reflect
the interactions between innovation and skills. The development
of such a comprehensive strategy for skills development, well
aligned with organizational changes, might expand the set of
potentially successful innovators in the hospital sector.

Three main policy options should be jointly taken, including
the development of flexible learning schemes, strengthening
cooperation between universities and hospitals, as well as the

integration of information systems throughout the hospital
sector. Besides the initial university education, health
professionals need to continuously update their knowledge and
upgrade their skills. Such training at the workplace builds
work-related competencies and support health professionals to
deal with change. The external cooperation with other
stakeholders from the health, education, and research sectors
are increasingly critical to improve the innovation capacity of
hospitals. This can be mainly facilitated through an integrated
information system across the different stakeholders engaged
in the innovation process. However, policies for skills’
development further needs to be coherent and provide a
supportive environment for innovation by enabling health
professionals to develop the right skills and support their optimal
use at work.

These policy and management implications should build on
current efforts from innovating hospitals, which are already
matching skills and innovation, as identified in this study. They
are mainly focusing on person-centered health care, partnering
with a broad range of stakeholders outside the traditional
borders, and integrating information across the hospital sector
in order to support smart decision-making. These innovating
and high performing hospitals are already defining the future
of health care.
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Abstract

Background: Most older Americans do not exercise regularly and many have chronic conditions. Among an increasing number
of fitness mobile and Web apps, few are designed for older adults with chronic conditions despite high ownership rates of mobile
tools and Internet access in this population. We designed a mobile-enabled Web app, iCanFit, to promote physical activity in this
population.

Objective: This study aimed to test the usability and acceptability of iCanFit among older adults in a community setting.

Methods: A total of 33 older adults (aged 60 to 82 years) were recruited from communities to test iCanFit. Of these 33, 10
participants completed the usability testing in a computer room of a senior community center. A research assistant timed each
Web application task and observed user navigation behavior using usability metrics. The other 23 participants used the website
on their own devices at home and provided feedback after 2-3 weeks by completing a user-experience survey assessing ease of
use, helpfulness, and satisfaction with iCanFit.

Results: Participants completed all 15 tasks on the iCanFit site in an average of 31 (SD 6.9) minutes; some tasks required more
time or needed assistance. Participants’ comments were addressed to improve the site’s senior friendliness and ease of use. In
the user-experience survey, participants reported high levels of usefulness and satisfaction. More than 56% (13/23) of participants
indicated they would continue using the program and recommend it to their families or friends.

Conclusions: Testing usability and acceptability is a very important step in developing age-appropriate and user-friendly Web
apps, especially for older adults. Testing usability and acceptability in a community setting can help reveal users’ experiences
and feedback in a real-life setting. Our study suggested that older adults had a high degree of acceptance of iCanFit and could
use it easily. The efficacy trial of iCanFit is currently underway.

(JMIR Human Factors 2014;1(1):e2)   doi:10.2196/humanfactors.3787
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Introduction

As of January 2014, 87% of American adults have used the
Internet. Even among older adults, 88% of those aged 50 to 64
years are online and more than 57% of those older than 64 years
are online [1]. More than 58% of American adults own a
smartphone and 42% own a tablet computer [1]. With such
ubiquity of Internet access and high ownership rates of mobile
tools, mobile health programs have gained increasing popularity
with thousands of Web and mobile apps available for fitness
and healthy living.

Approximately 13% of the American population is older than
65 years, and by 2030 older adults will account for 20% of the
US population [2]. In addition, more than two-thirds of older
Americans have multiple chronic conditions and medical
treatment for this population accounts for 66% of the country’s
health care budget [3]. Regular physical activity can prevent
many chronic diseases and significantly improve quality of life
for those with chronic conditions. Yet, more than 80% of older
adults do not meet the guidelines of regular physical activity
[4]; a recent nationwide study showed that less than 10% of
adults report being active as assessed by accelerometers [5]. An
urgent need exists to implement innovative and cost-effective
interventions to promote healthy lifestyles among older adults.

National surveys suggest that older adults who use the Internet
are more likely to seek health information online [6,7]. However,
among the thousands of online apps and mobile tools available
to promote physical activity, few are designed or marketed for
older adults [8]. Goldberg and colleagues commented on the
gap between needs and availability, stating: “The question now
is not whether the public is ready for eHealth information, but
whether eHealth information is ready to meet the public’s
expectation” [9].

In-line with efforts to promote physical activity among older
adults with chronic conditions, especially cancer, we developed
a mobile-enabled Web app called iCanFit [10] based on
intensive formative research. We conducted in-depth interviews,
surveys, and group discussions with older cancer survivors (60
years and older), care providers, and community leaders. They
identified lack of motivation, lack of tracking, inadequate social
support, and limited knowledge of appropriate exercise as the
main barriers to regular exercise [11]. These formative data
informed the design of the iCanFit Web application, which

includes 4 key functions: Goals (physical activity goal setting
and tracking), Community (an online network for users), Tips
(regularly updated tips on healthy living), and Resources (active
links to reliable health information) (see Figure 1 for screenshots
of iCanFit). Note the Goals and Community functions in iCanFit
are only available to registered users because the program is
currently under efficacy trial. Of these functions, Goals is the
most important tool (Figure 2) because it motivates participants
to exercise regularly through goal setting, activity tracking,
personalized feedback, and progress reviews. After a participant
creates an account and logs onto the site the first time, s/he is
invited to set a long-term goal; for example, “Over the next 6
months, I will go from walking 3 times a week to walking 5
times a week.” Participants are then asked to set a short-term
goal, usually a weekly goal. They can use dropdown menus to
select a type of activity (eg, walking, dancing), frequency per
week, and duration of the activity. The system will automatically
calculate total minutes for each activity and all activities (Figure
2). On an interactive calendar, participants can enter their
activity and log the total number of minutes they exercised on
a selected day (Figure 3). Their activity log will be compared
to their goals and they will receive tailored messages based on
this comparison; for example, “Congratulations, you’ve achieved
your goal, keep up the good work!” or “Sorry you did not meet
your goal. You may consider setting a more realistic goal. Keep
moving!” (Figure 3). The tailored message is sent automatically
from iCanFit using a predesigned database that contains more
than 100 messages for different conditions of meeting goals.
Finally, View Progress allows users to track their progress
through various metrics, including total energy expenditure
(metabolic equivalent of task, also referred to as MET), total
minutes exercised, number of days exercised, and comparisons
between actual activity and their preset goals (Figure 4). For
MET and total minutes exercised, users have the option to view
their progress as bars, lines, and/or a calendar. Under the Days
Exercised view, their activities are marked against the goals
they set (Figure 4).

During the iCanFit protocol development, we conducted an
iterative heuristic evaluation with experts from behavioral
sciences, computer science, human factors and ergonomics,
exercise sciences, public health, and gerontology. The goal of
the current study was to test usability and acceptability of
iCanFit among older adults.
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Figure 1. Screenshots of iCanFit.
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Figure 2. Goals function in iCanFit.
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Figure 3. Entering, tracking, and receiving feedback of physical activity on iCanFit.
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Figure 4. Different modes of View Progress on iCanFit.

Methods

Study Design Overview
The study took place in a college town of central Texas from
April to June 2014. Following the usability testing methods
proposed by Kushniruk et al [12] and Schneiderman [13], we
aimed to test usability and acceptability of iCanFit. Usability

measures technical effectiveness and efficiency. Technical
effectiveness is measured by recording whether the users can
complete a given task or not and if they completed the task,
whether they did so without error. Efficiency measures how
much time it takes to complete each task [12,13]. Acceptability
measures users’ overall experience with an application,
including perceived ease of use, usefulness of the information,
and satisfaction of the experience [14,15]. Our plan was to make
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changes to iCanFit based on data from usability testing; after
the changes were completed, we proceeded with acceptability
testing.

Considering significant variance in computer skills of older
adults, testing in a laboratory may not reflect users’ experience
in a real-life setting [16,17]. Thus, we planned to conduct the
usability and acceptability testing in a community setting.
Finally, based on theories regarding an appropriate sample size
for usability testing and prior studies [18-21], the sample size
for usability testing was set at approximately 10 and the sample
for acceptability testing was set at approximately 20.

Based on these theories and rationale, our testing of iCanFit
was designed to include 2 phases. The first phase was usability
testing in a computer room at a senior community center. The
participants were given the name of the website and asked to
explore the site on their own. During this phase, a research
assistant (RA) measured and observed the user’s navigation
using usability testing metrics (see Multimedia Appendix 1).
Based on data from usability testing, the Web application was
improved by removing bugs and refining to be more
senior-friendly. The second phase was acceptability testing. The
participants were instructed to use the iCanFit on their own
devices at home for 2-3 weeks and then give feedback through
a user-experience survey (see Multimedia Appendix 2).

Testing Tools Development
We developed a protocol of usability and acceptability testing
that guided every step of the process. The protocol included
recruitment scripts, a recruitment flyer, usability testing metrics,
and a user-experience survey. We conducted intensive training
with RAs to ensure the testing protocol was followed with
fidelity.

Usability testing metrics (see Multimedia Appendix 1) were
developed based on prior testing metrics employed in usability
testing of online programs and mobile health technologies
[12,14,22,23]. The metrics included 15 tasks to complete
navigation of the site and detailed observation metrics to
measure technical effectiveness and efficiency (eg, how much
time it takes to complete a task and what errors occur during
the navigation). It also included space for the RA to document
users’ comments and behaviors during the testing.

The user-experience survey (see Multimedia Appendix 2) was
developed from the IBM computer user satisfaction
questionnaire [24], which has been widely used in similar
acceptability testing studies [14,20]. It is a semi-structured
interview with 57 questions on users’ experience with iCanFit.
The survey included the following major components: (1) modes
and frequency of accessing iCanFit and time spent on the site,
(2) Likert scales on ease of use (1=very difficult, 4=very easy)
and perceived usefulness (1=useless, 4=very useful), (3)
open-ended questions on users’ satisfaction with each function
and overall experience with the Web application, and (4) users’
comments on how to improve iCanFit and suggestions on how
to promote physical activity among older adults.

Participant Recruitment
We recruited our participants through active community
outreach. Flyers were posted at senior community centers and
public libraries and announcements were made during breaks
of classes or programs for seniors. Participants who were aged
60 years or older and had used the Internet were invited to
participate in our study. A total of 33 participants were recruited
for the study; 10 conducted usability testing in a computer room
in a senior center and the remaining 23 participants performed
acceptability testing by using iCanFit for 2-3 weeks at home
followed by a user-experience survey. The study protocol was
approved by the Institutional Review Board at the Texas A&M
University.

Usability Testing Procedure
In the first phase of usability testing, the participants were
invited to a computer room in a senior center. The RAs first
introduced themselves and explained the purpose and procedure
of the testing. Participants were assured of their privacy and
verbal consent was obtained. An RA was paired with a
participant. There was enough space between desktop computers
to ensure proper testing and observation. A brief survey on
participant demographics was administered before the testing.
The participant was then given the website name and asked to
explore the site on their own. The RA sat behind the participant
and gave no instruction to the participant unless the participant
could not proceed after repeated efforts. The participant was
also encouraged to make comments during the navigation. The
RA recorded the participant behavior and comments using
observation metrics and took detailed notes. The metrics
included 15 tasks to complete on the website, time needed on
each task, and if a task was performed without error, with error,
or needed assistance. Each participant received a US $20 gift
card as compensation for their participation.

Acceptability Testing Procedure
In the second phase of acceptability testing, another sample of
23 participants was recruited to test iCanFit on their own devices
independently. When participants responded to our flyer by
calling or speaking to our RAs at community outreach, they
were instructed to visit the iCanFit site and use it for 2 to 3
weeks. An interview was then scheduled at the participant’s
convenience to solicit their feedback on the website, including
how difficult was it to navigate the site, the usefulness of each
function and the site in general, and how satisfied they were
with the website. Some interviews were conducted in-person
at a community center and some were conducted over the phone.
Verbal consent was obtained before the interview and each
participant received a US $20 gift card as compensation for
their participation.

Data Analysis
All data were saved and analyzed in SPSS 16.0 (SPSS Inc,
Chicago, IL, USA) and descriptive statistics were used to
explore the mean usability and acceptability scores. All text
data were extracted from SPSS and entered into ATLAS.ti
(Berlin, Germany) for further analysis. We identified the most
frequently used phrases or keywords, and delineated a range of
responses for each task on iCanFit and their overall experience.
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Results

Participant Characteristics
As shown in Table 1, 10 participants completed the usability
testing in the computer room of a senior center. They were aged
between 60 to 78 years with a mean of 68 (SD 6.3) years; 7
participants were female and 3 were male. Seven participants

had some college education and the remaining 3 had high school
education or less. All participants used the Internet and their
computer experience varied from 3 to 30 years. The most typical
mode of Internet access was desktop (60%, 6/10), followed by
laptop (30%, 3/10), and tablet (10%, 1/10). All participants
owned smartphones, but most used them primarily for making
phone calls, whereas some used them for checking emails or
using apps.

Table 1. Characteristics of participants in usability testing and user-experience survey of iCanFit.

User-experience survey sample

(n=23)

Utility testing sample

(n=10)

Characteristics

Age (years)

67.6 (6.5)67.60 (6.3)Mean (SD)

60-8260-78Range

Gender, n (%)

4 (17)7 (70)Male

19 (833 (30)Female

Education, n (%)

6 (26)3 (30)≤High school

17 (74)7 (70)>High school

Internet use (years)

20 (8.0)20.30 (10.5)Mean (SD)

6-303-38Range

Common mode of Internet access, n (%)

11 (52)6 (60)Desk top

8 (35)3 (30)Laptop

2 (8)1 (10)Tablet

1 (4)0Smartphone

A total of 23 participants completed the user-experience survey;
their ages were between 60 to 82 years (mean 68, SD 6.5). Of
these 23, 19 (80%) were female and 17 (74%) had more than
high school education. Approximately 52% (11/23) participants
used a desktop as their primary mode of Internet access,
followed by laptops (35%, 8/23), and tablets (8%, 8/23).

Usability Testing: Effectiveness and Efficiency
Table 2 reports technical effectiveness (whether participants
were able to perform tasks without errors) and relative user
efficiency (how much time needed to complete each task) from

usability testing. All participants were able to complete the 15
tasks in an average of 31 minutes (range 22-40 minutes). For
each task, the completion time varied from 0.7 to 9.2 minutes.

The most difficult task appeared to be creating an account. It
took participants an average of 9.2 minutes to create a user
account. In all, 40% (4/10) could perform this task without error,
40% (9/23) completed the task with error, and 20% (2/10)
needed assistance. Only 30% (3/10) watched the instructional
video under the Help tab or logged out of the site after they
completed all other tasks.
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Table 2. Usability testing results of iCanFit (N=10).

Need assistance, n (%)Perform with error,
n (%)

Perform without error,
n (%)

Time to complete (min)Task

RangeMean (SD)

2 (20)2 (20)6 (60)1-32.4 (2.3)Find the website

2 (20)4 (40)4 (40)1-179.2 (5.2)Create an account

1 (10)1 (10)8 (80)0.5-112.7 (4.1)Log into the account

1 (10)1 (10)8 (80)0-51.1 (1.6)Find Healthy Tips and read it

1 (10)09 (90)0-203.4 (6.3)Find Resources and read it

2 (20)1 (10)7 (70)0-31.1 (1.3)Find the Facebook account through the link
on the site

2 (20)1 (10)7 (70)0-20.7 (0.6)Find the Goal Home

3 (30)1 (10)6 (60)0-72.1 (2.3)Set a long-term goal

3 (30)1 (10)6 (60)0-41.4 (1.3)Set a short-term goal

3 (30)2 (20)5 (50)0-83.4 (3.8)Track the short-term goal by entering
physical activity

01 (10)9 (90)0-52.1 (1.7)Enter physical activity without tracking the
short-term goal

01 (10)9 (90)0-30.9 (1.1)View physical activity progress through
View Progress

0010 (100)0Switch view modes in View Progress

003 (30)0-21 (1)Find help

6 (60)1 (10)3 (30)Log out

22-4031.4 (6.9)Time to complete the entire site

Improving iCanFit After Usability Testing
Through the observations and participants’ comments we
obtained from the usability testing, we were able to identify and
make the necessary changes to the iCanFit application to
improve usability and senior friendliness. For example,
comments from some of the participants indicated that some
fonts and icons needed to be changed to be more visible for
older adults. To address the problems participants had with goal
setting, some words were changed to avoid confusion. For
instance, after setting a short-term goal, the “Add Activity”
button was changed to “Save.”

We also added some hot buttons for frequently used functions.
For example, the “Exercised Today?” button was created
allowing participants to enter activity before going to Goals and
the “Log out” button was placed in a more visible location.
During usability testing, we also learned that some pages of
iCanFit did not display well on Internet Explorer 7.0 or lower,
so we modified our site to make it compatible with more
browsers.

Two major complaints from the participants were that they did
not know what to do after they went onto the website and that
they had trouble creating an account. Therefore, we changed
our instructional video and made 3 separate videos, ranging
from 30 seconds to 2 minutes in length, and explained (1) what
iCanFit is and how to use it, (2) how to create an account, and
(3) how to use Goals so that users can easily find the help they
need.

Acceptability Testing: User Experience and
Satisfaction
Table 3 shows results from the user-experience survey. Most
participants learned about iCanFit from a flyer at community
centers. They typically accessed the website through a desktop
(44%, 10/23) or a laptop (30%, 7/23), and the rest used a tablet
(17%, 4/23) or a smartphone (9% 2/23). Most participants
accessed the website approximately once a week or less and
reported spending an average of 21.6 (SD 4.0) minutes on the
site in the past week.
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Table 3. Results of user-experience survey (N=23).

Mean (SD)n (%)Variable

Sources of knowing iCanFit website

15 (65)Flyer at community center

2 (9)Email listserve

5 (22)Friend/relative

1 (4)Other

Mode of accessing iCanFit

10 (44)Desktop

7 (30)Laptop

4 (17)Tablets

2 (9)Smartphone

How often use iCanFit

9 (39)<Once/week

9 (39)Approximately once/week

3 (13)2-3 times/week

1 (4)4-5 times/week

1 (4)Every day

21.6 (4.0)Total time on iCanFit in past week (minutes; range 0-60), mean (SD)

Difficulty (range 1-4) a

3.2 (0.4)Creating account

3.7 (0.2)Long-term goal setting

3.8 (0.3)Short-term goal setting

3.3 (0.3)Short-term goal tracking

3.7 (0.2)View progress

3.6 (0.3)Overall difficulty

Usefulness (range 1-4) b

3.7 (0.3)Instructional video

3.5 (0.2)Healthy tips

3.2 (0.2)Resources

3.1 (0.3)Facebook page

3.4 (0.3)Overall usefulness

Communication of iCanFit

13 (56.5)Ever talked to family/friends about iCanFit

13 (56.5)Would recommend iCanFit to family/friends

a Difficulty score: 1=very difficult, 2=somehow difficult, 3=somehow easy, 4=very easy.
b Usefulness score: 1=useless, 2=a little useless, 3=somehow useful, 4=very useful.

When asked to rate how difficult it was to use each function,
most participants reported no difficulty or little difficulty in
completing the major functions of the site with a score range
of 3.2 to 3.8 (1=very difficult, 4=very easy). The overall
difficulty for the major function of Goals was rated 3.6 (SD
0.3). When asked to rate usefulness of each function, most
participants gave a rating of 3.1 to 3.7 (1=useless, 4=very
useful). Participants gave the iCanFit website an average overall

usefulness rating of 3.4 (SD 0.3). More than half (57%, 13/23)
of the participants had talked to their family or friends about
the iCanFit program and the same number of participants would
recommend iCanFit to their family or friends.

Approximately 30% (7/23) of participants reported preferring
to track physical activity in Goals through the “Exercised
Today?” hot button and only 9% (2/23) liked to track activity

JMIR Human Factors 2014 | vol. 1 | iss. 1 |e2 | p.18http://humanfactors.jmir.org/2014/1/e2/
(page number not for citation purposes)

Hong et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


through Track Goals; 22% (5/23) indicated having no preference
because both were easy to use (data not shown).

Our qualitative data from the user-experience survey revealed
that with different prior online experiences and varying statuses
of current physical activity, participants had different
experiences with iCanFit. For some participants who exercised
regularly, they felt that the program added little to their current
life: “I am doing exercise regularly, and I have a pedometer.”
A couple of participants who did not use the computer often
made remarks such as: “I prefer hardcopies of goals that can be
stuck to the refrigerator so I can check it easily.” Most
participants, however, were very positive about their experience
with iCanFit, making comments such as: “Super great program,
keep it up,” “It increased my activity because I was trying to
get 100% of my goals,” and “It’s great to see how many times
I have exercised; it gave me a kick to get up and accomplish
something every day.”

Participants also offered suggestions on how to use mobile tools
for older adults. For example, a 71-year-old male user
commented, “It has to be something automatic or very easy to
use. I like the dropdown menu when entering activities so I
don’t need to type.” A 65-year-old female user added, “It would
be nice if it has function to remind me to exercise, since we
don’t remember things well at this age. And I like the graphs
to see my progress.” They also shared thoughts on how to
motivate older adults to exercise regularly. For instance (shared
by a 68-year old female user), “If we can get people to start a
program that combines a fitness class and how to use this site
(iCanFit), you can motivate many sedentary people.” A
62-year-old male user suggested, “For those living alone, it is
more about helping them find friends and getting them
involved.”

Discussion

Older adults from the community were recruited to test the
usability and acceptability of a Web application designed to
promote physical activities for older cancer survivors. Usability
and acceptability was tested in settings familiar to the
participants and on devices they often used to maximize their
real-life experience. The relative user efficiency data, such as
time to complete the tasks and errors made in first-time use,
were within an acceptable range and reflected the anticipated
usability gap between expert and novice users [22]. During the
usability testing, the main challenge for users was account
creation. Such a challenge might be because participants were
new to the website and not aware that they needed to create an
account before the major functions could be used. Some users
did not know they would need to check their email to retrieve
a password when setting up an account. These challenges and
other errors identified through the usability testing were
corrected and the site was further improved following users’
suggestions. The acceptability testing revealed a high level of
ease of use and usefulness of iCanFit. Further, most participants
reported they would continue using the program or recommend
it to their families and friends.

As the use of mobile tools continues to increase, especially
among older adults, mobile technology is being used

increasingly as an efficient tool for health promotion [8].
Meanwhile, as the aging of the US population continues to
accelerate, the need for cost-effective tools to address older
adults’ health needs increases as well. We need more online or
mobile programs designed for older adults, especially those
with chronic conditions [8]. When developing and testing Web
or mobile applications for older adults, the heterogeneity of this
population should be considered because some seniors are savvy
or expert users, whereas others are still new to computers or
other mobile tools. Prior research indicates that many older
adults are eager to obtain authoritative up-to-date health
information and are willing to overcome barriers if appropriate
assistance is offered [8,9,25]. This underscores the importance
of designing age-appropriate programs for older adults.

In addition, when developing mobile programs for older adults,
it is important to involve end users from early stage of design
and conduct on-going usability testing [15,25]. From testing
usability and acceptability of iCanFit among older adults, we
learned that when conducting usability testing among older
adults it is more efficient to start with some expert users. After
critical errors are fixed, the application can be further tested
with more typical users [15]. Finally, when testing acceptability
and user experience, it is important to include clear instructions
on what is being tested and how to use the application in the
Web or mobile format, preferably by utilizing step-by-step
instructions with pictures or video demonstrations.

Several limitations of the study should be noted. First, iCanFit
was originally designed to promote physical activity among
older cancer survivors [11] and usability and acceptability
testing might be restricted to this population. However, the
participants who completed the usability and acceptability
testing in our study were older adults with a variety of chronic
conditions, including cancer survivors. This expansion reflects
the reality that the majority of older cancer survivors have
existing comorbidities. Another reason for utilizing a less
disease-specific user participant group was that we intend to
expand the use of iCanFit to all older adults and our data have
showed high levels of usability and acceptability of iCanFit
among older adults. Second, we had a convenience sample
recruited from a small city in central Texas, and most of our
participants were white, female, had some college education,
and were experienced with computers. The results may not be
generalizable to older adults in other geographic locations or
cultural settings. Third, because of the small sample size in the
user-experience survey, we were not able to do comparisons
between subgroups; for instance, differences in user satisfaction
stratified by age, gender, computer skills, and chronic
conditions. Future research should include a larger sample size
and longer testing time to maximize end users’ inputs in site
development. Finally, although we used mixed methods in the
study, the qualitative questions were imbedded in a
semi-structured interview and most users only provided short
answers to those questions, thus giving us only limited
qualitative data. Future research needs to include some in-depth
interviews to explore the specific reasons users had for liking
or disliking the application.

Despite these limitations, to the best of our knowledge, our
study was one of the first to report testing of usability and
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acceptability of a Web app to promote physical activity among
older adults. Our findings underscore the importance of using
validated metrics and mixed methods to test multidimensional
usability and acceptability of an application. An efficacy trial
of the iCanFit Web application and development of iCanFit
mobile app are both currently underway. After the trial and
further refinement, it will be scaled up to assist a large
population of older adults with chronic conditions. We are aware
that there are many mobile and Web apps that serve similar

purposes as iCanFit and users always have many options in
terms of mHealth tools. iCanFit was not meant to replace
existing physical activity applications; instead, we believe it is
a beneficial supplement to the existing ones. Because few mobile
or Web apps involved usability testing in older adults [15,25,26],
our study represents an effort to voice older adults’ needs in the
rapidly growing field of mobile health. We anticipate that in
the near future, mHealth tools such as iCanFit will be more
widely used by older adults to improve their healthy living.
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Abstract

Background: Little is known about the acceptance and usability of computerized adaptive tests (CATs) among patients with
rheumatoid arthritis (RA). The main difference between completing a CAT and a traditional questionnaire concerns item
presentation. CATs only provide one item at a time on the screen, and skipping forward or backward to review and change already
given answers is often not possible.

Objective: The objective of this study was to examine how patients with RA experience a Web-based CAT for fatigue.

Methods: In individual sessions, participants filled in the CAT while thinking aloud, and were subsequently interviewed about
their experience with the new instrument. The technology acceptance model (TAM) was used to structure the results.

Results: The participants were 15 patients with RA. They perceived the CAT as clear, brief, and easy to use. They were positive
about answering one question per screen, the changing response options, layout, progress bar, and item number. There were 40%
(6/15) of the participants that also mentioned that they experienced the completion of the CAT as useful and pleasant, and liked
the adaptive test mechanism. However, some participants noted that not all items were applicable to everybody, and that the
wordings of questions within the severity dimension were often similar.

Conclusions: Participants perceived the “CAT Fatigue RA” as easy to use, and also its usefulness was expressed. A 2.0 version
has been improved according to the participants’ comments, and is currently being used in a validation study before it will be
implemented in daily clinical practice. Our results give a first indication that CAT methodology may outperform traditional
questionnaires not merely on measurement precision, but also on usability and acceptance valuation.

(JMIR Human Factors 2014;1(1):e4)   doi:10.2196/humanfactors.3424

KEYWORDS

usability test; technology acceptance; computerized adaptive test (CAT); fatigue; rheumatoid arthritis

Introduction

Innovative Technology and Health Care
The use of Web-based technology to monitor disease course
and quality of life of patients will increase tremendously in the

future due to demand for greater transparency in health care
and innovations in the use of Web-based measurement
technology. At least for patient reported outcome measures,
patients themselves will directly use this technology, and
information on technology acceptance is therefore of crucial
importance to estimate the benefits and long-term effectiveness
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of innovative technology in health care [1]. The availability of
this modern technology enables computer adaptive testing
(CAT), but little is known about the impact of Web-based
measurements and CAT on patients, and how they experience
their use. This study investigates the usability of a Web-based
computer adaptive test for fatigue in rheumatoid arthritis from
the patients’ perspective.

Rheumatoid arthritis (RA) is a chronic auto-immune disease
that is characterized by inflammation of the joints [2]. Typical
symptoms are pain, fatigue, tender and swollen joints, stiffness,
and functional limitations. Many patients report fatigue as being
an annoying symptom with far-reaching consequences for daily
life on a physical, emotional, and social level [3-6]. Several
circular and interdependent processes between disease processes,
cognitive/behavioral, and personal aspects are probably
responsible for the occurrence of fatigue [7,8]. However, causal
pathways are still unknown and no standard treatments are as
yet available [9,10]. To gain more insight into its aetiology and
treatment options, it is essential to be able to accurately measure
fatigue in RA. Existing fatigue questionnaires have several
disadvantages, for example, containing generic fatigue items
that might be confounded by disease specific disability or
disease activity, or being unidimensional, which is not in line
with the patients’ experience. Usual questionnaires have a
traditional, fixed-length format. Consequently, patients may
feel that questions do not match with their individual level of
fatigue or are redundant. Therefore, we developed a
computerized adaptive test (CAT), which was based on the
perspectives of patients with RA [11].

Computer Adaptive Testing
In a CAT, items are successively selected from a large item
bank, based on the patient’s previous answer. Measurement is
thus tailored to the individual level, leading to greater
measurement precision, with need of fewer items than traditional
questionnaires [12]. For the construction of a CAT, an item pool
has to be scaled using item response theory (IRT). With this
method, item characteristics can be estimated for each item
independently [12], and items can be placed on a continuum,
ranging from no fatigue to severe fatigue. This information is
required to ideally match the items to the patient’s previous
answer, and ensures interindividual comparisons, even if patients
filled in different items.

The CAT Fatigue RA has been constructed with
multidimensional IRT [11], and consists of 196 items and three
dimensions of fatigue (severity, impact, and variability). It
provides separate estimates of each fatigue dimension, and the
cross-information gained from items of correlated dimensions
facilitates the selection of the next most informative items, and
the final estimation of fatigue with optimal precision [13]. With
this innovative method, measurement of fatigue in RA has
become much more precise, and at the same time, more user
friendly.

However, relatively little is known on how patients experience
the use of CATs in the measurement of patient reported
outcomes (PRO)’s. A few previous studies have shown that the
overall user acceptance was quite high. Participants mainly
expressed criticism on layout issues [14,15], and about half of

the participants rated the assessment as useful [16]. However,
these results are difficult to generalize due to differences
between the CATs and the study designs. The aim of the present
study was to examine how patients use and experience the CAT
Fatigue RA.

We were especially interested in whether patients would face
any problems while filling in the CAT, and whether they would
perceive it as a useful instrument. These aspects of usability are
properly included in the Technology Acceptance Model (TAM)
[17]; Figure 1 shows this model.

The TAM explains user acceptance of new technology by two
main determinants: (1) perceived usefulness (PU), and (2)
perceived ease of use (PEOU). PU refers to the degree to which
a person believes a system to be worth using, for example,
advantageous. PEOU refers to the degree to which a person
believes that using a system does not cost much effort. Davis
[17] suggests that the easier the use of a system is perceived,
the higher the probability is that a person experiences the system
as useful, and subsequently is willing to use it. Over the last
decades, the TAM has been widely applied and has
demonstrated its ability as theoretical model to guide
understanding and explanation of technology acceptance [18].
An important model extension is the concept of perceived
enjoyment [19], defined as “the extent to which the activity of
using the computer is perceived to be enjoyable in its own right,
apart from any performance consequences that may be
anticipated” [20]. All variables together explain the attitude
toward using a new technology, the behavioral intention to use
it, and finally its actual use.

For the actual use of the CAT Fatigue RA, it is important that
patients will not face any difficulties during its completion. The
CAT is an Internet application that is intended to be used for
PRO-monitoring in daily clinical practice and for research
purposes. Patients gain access via their personal accounts of the
Web-based Rheumatology Online Monitor Application (ROMA)
that is used by many Dutch rheumatology units. Usually patients
complete questionnaires on the Internet at home before their
consultation at the rheumatology outpatient department. If a
patient perceives filling in the CAT as difficult, not useful, or
not enjoyable, the risk of drop out will be high.

Although many patients are already used to computer-based
questionnaires, the completion of a CAT differs from filling in
traditional fixed-length questionnaires. In a traditional
questionnaire, patients see all questions immediately, and they
have the opportunity to reread and to change answers. In contrast
in a CAT, only one item at a time is provided on the screen, and
often patients cannot skip forward or back [21]. This also means
that patients cannot see how many or which items they already
filled in and how many and which items are still left to complete.

In this study, patients filled in the CAT Fatigue RA in individual
sessions while thinking aloud, and were subsequently
interviewed on their experiences with the new instrument. Think
aloud is a highly recommended method used to identify possible
problems in measurement tools [22]. By combining the methods
of think aloud and targeted interview questions, we aimed to
identify all difficulties that patients could face while filling in
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the CAT. The TAM model served as guideline to report the results.

Figure 1. Technology acceptance model.

Methods

Participants and Procedures
Participants were selected from a sample of patients that had
participated in a previous study [11]. All participants who had
indicated interest in the results of the study received a thank-you
letter with information on the study outcomes. At the end of
this letter, patients were informed on future studies, and that
they could register per email for participation. In case of
registration, the patients received an email with detailed
information on the new study, and were asked for agreement to
receive a telephone call to make an appointment for an
individual session with the first author. The ethical review board
of the University of Twente approved the study.

Except for one appointment at a participant’s home, all sessions
took place at the university. After receiving information on the
study (eg, not the person, but the application will be tested),
participants signed an informed consent and filled in some
background questions. Then participants filled in the CAT while
thinking aloud. In case a person forgot to articulate his or her
thoughts, the researcher reminded him or her to do so. Finally,
a brief interview on the CAT took place. The think aloud
sessions and the interviews were recorded on audiotape. The
travel costs for the participants were refunded.

Measures

Background Information
Participants answered background questions (gender, age,
education, and work status), and gave disease-specific

information (disease duration, comorbidity, numerical rating
scale; NRS, global health, pain, and fatigue). The NRSs had
eleven points (ranging from 0 to 10) and the following anchors,
very good/very poor, no pain/unbearable pain, no fatigue/totally
exhausted.

Computer Adaptive Test Fatigue Rheumatoid Arthritis
The CAT item bank consists of 196 items and three dimensions;
severity (13 items, example, Did you feel tired during the last
7 days?), impact (169 items, examples, Have you felt down or
dejected because of fatigue? During the past 7 days, I was too
tired to do my most important tasks.), and variability (14 items,
example, How did your fatigue change during the last 7 days?).
Each participant answered 20 questions, after which the CAT
stopped automatically. It started with two random start-items
per dimension, and always administered at least five items per
dimension. These characteristics of the CAT were based on
previous simulations in approximately 1000 virtual patients.
This combination of numbers of items was found to be the most
optimal solution in terms of test-length and measurement error
on each dimension. Figure 2 shows an example screenshot of
the CAT. The item with its response options is presented in the
center of the screen. After answering the item, the patient can
get to the next item by clicking on the yellow button. The blue
bar shows the progress of the CAT administration by informing
the patient which percentage of items is already filled in. The
progress bar is part of the ROMA system and could be
implemented because the CAT Fatigue RA has a fixed length
of 20 items.
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Figure 2. Screenshot of the CAT Fatigue RA.

Thinking Aloud
The method of think aloud is the most prominent user-based
usability method [22]. Participants are asked to state directly
what they think, while completing a certain task using an
application. This gives immediate insight into cognitive
processes; whereas retrospective reports on thought processes
imply the danger of losing information due to censoring and
distortion. The usability tester should intervene with the
participants thought process as little as possible. However, it is
accepted to remind a participant to keep talking. Furthermore,
it is important to conduct a think aloud study with a

representative subject sample, meaning those people who will
finally use the application. The think aloud approach is a good
method to identify usability problems. It can detect deficiencies
of the system, and also provides insight into the reasons why
users experience certain deficiencies as a problem [22].

Interviews
After completing the CAT Fatigue RA, participants were asked
about their experience with, and opinions on, the new
measurement instrument, according to the interview scheme
shown in Textbox 1.

Textbox 1. Interview scheme. CAT: computerized adaptive test.

1. How did you experience completing the instrument?

2. What do you think about the successive administration of only one item per screen?

3. Did you notice that the response formats changed? What do you think about that?

4. How well could you read the questions? What do you think about letter size, colors, etc?

5. Did you notice the progress bar? What do you think about it?

6. What do you think about the length of the test/the number of questions?

7. Do you have any further comments about the CAT, did you notice anything else?
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Analyses
The audio material (think aloud sessions and interviews) was
transcribed verbatim. The interview material was sorted per
interview question. The comments from the think aloud part
were sorted per participant. To thoroughly analyze the data, a
code scheme was developed in a combination of bottom-up
(search for meaningful units in the transcripts) and top down
(guided by TAM) methods by reading the transcripts in detail
[22]. For each interview question, and for the think aloud
material, topics with subcodes were identified and assigned to
the transcripts. Topics that were mentioned in the interview
material, as well as in the think aloud material, were not coded
in the interview material, but reported together with the think

aloud material to prevent double codes. The coding process was
conducted in consensus between the first two authors.

Results

The Participants
There were six men and nine women diagnosed with RA that
participated. Mean age was 56.13 years (SD 10.82) and mean
disease duration was 12.40 years (SD 7.18). An overview about
the participants and further patient characteristics are shown in
Table 1.

The results of the think aloud sessions and the interviews will
be reported in terms of the TAM and illustrated by quotes.

Table 1. Overview of participants.

NRS fa-

tigueh
NRS

paing
NRS

healthfComorbidity
Disease dura-
tion, yearsWorkEducation

Age,
yearsGenderParticipant

723Yes24Full-timeHighc45Fb1

657Yes15Full-timeHighc49Fb2

777No20Part-timeHighc46Fb3

764No6RetiredModerated66Fb4

312No23RetiredModerated69Fb5

346No10Part-timeHighc59Ma6

855No10DisabledModerated54Ma7

544Yes5HouseholdLowe63Fb8

965No13RetiredModerated62Fb9

100No3RetiredLowe71Ma10

612Yes23Full-timeHighc60Fb11

887No7HouseholdLowe63Fb12

523No11Full-timeLowe60Ma13

766No12DisabledModerated40Ma14

563No4DisabledModerated35Ma15

5.804.204.2712.4056.13Mean

2.182.462.127.1810.82SD

aM=male
bF=female
cHigh, more than 14 years of education
dModerate, 13-14 years of education
eLow, 12 or less years of education
fNRS health, 0 = very good and 10 = very poor
gNRS pain, 0 = no pain and 10 = unbearable pain
hNRS fatigue, 0 = no fatigue and 10 = totally exhausted

Perceived Ease of Use
There were 80% of the participants (12 out of 15) that said that
they experienced the CAT as clear and/or easy to complete.
There were 87% of the participants (13 out of 15) that regarded

it as advantageous to fill in only one question per screen, as it
improved clarity. They found this presentation of items clear
and well organized, making it easier to concentrate on the
question and being really engaged in answering it. It was argued
that too many questions at the same time can be overwhelming
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or cluttered, and with more simultaneous questions, people have
the tendency to look ahead at the next question.

Quite clear, good. Yes, because of course you
shouldn’t let yourself be tempted to read all the
questions as quickly as possible because that is a
mistake people often make, that they just immediately
do everything, and then they maybe do not give a truly
orientated answer. [Participant 7]

Only two of the 15 participants reported that the presentation
of only one item per screen did not really matter to them.

However, concerns also emerged related to this way of item
presentation. In two thirds of the sessions, the CAT selected
three or four of the following items of the dimension severity,
Item 2, During the last 7 days I felt tired.; Item 3, During the
last 7 days I felt fatigued.; Item 5, Did you feel tired during the
last 7 days?; and Item 8, Did you feel fatigued during the last
7 days?. Most of the concerned participants (7 out of 10) were
wondering whether the CAT provided the same question more
than once, because to them the items looked very much alike.
Due to the fact that it is not possible to scroll forward or
backwards in the CAT, they became confused whether they had
previously answered the item or not, and two of the seven
participants indicated that they felt not able to answer in a
consistent way.

All but one participant recognized that not all items had the
same response options. There were 40% of the participants (6
out of 15) that said that they did not mind, it was no problem,
and it did not distract them. There were two thirds of the
participants that mentioned that it was advantageous that not
all items had the same response options. In this way, items and
response options match well with each other, which improves
clarity. It was also argued that changing response options
prevents people from always giving the same answer. Only one
participant mentioned that it can be difficult to switch from one
response format to another, however, this participant also
reported having learned to fill in this kind of questions without
thinking about them too long. All participants described the
readability of the questions as clear, good, or comfortable to
look at.

Regarding test-length, all participants were positive. They
reported that the CAT was quick to complete, and they
experienced the CAT as a clear and brief instrument, also in
comparison to other measurement instruments. Moreover, for
40% of the participants (6 out of 15), the number of questions
turned out smaller than they had expected. In general,
participants described the test-length of the CAT as great, clearly
better than expected, brief, or to the point.

Perceived Usefulness
There were 40% of the participants (6 out of 15) that declared
that they regarded the CAT as useful, for example, one
participant considered the CAT to be a nice questionnaire with
relevant questions.

(...) they are relevant questions, they are also much
more focussed and clear questions, so I think it is a
nice questionnaire (...) it really goes into fatigue and
in a good way. So yes, I found it surprising, a
surprising thing to do. Then it gives me more the
notion that it is worthwhile to complete. You can
enter, I was tired lately, the last 7 days, yes, the last
month, but that says so little about fatigue.
[Participant 11]

There was one person that reflected on the adaptive testing
mechanism.

What I really noticed was that if I had completed a
question, that the computer sometimes took longer to
get to the next question, and then I think, yes, that is
logical, because then it is choosing the next question
after all. (...) they are going to select which question
fits with the answer to your previous question. I found
it quite pleasant this way. [Participant 5]

This person was of the opinion that the questions were useful,
having good response options. There were 20% of the
participants (3 out of 15) that criticized that not all questions
were applicable to each patient (eg, being too fatigued to do
voluntary work).

Perceived Enjoyment
Completing the CAT, and the successive administration of only
one item per screen, was experienced as pleasant, nice, great,
excellent, or positive by two thirds of the participants.
Furthermore, 40% (6 out of 15) described the progress bar as
pleasant, great, useful, or comforting. There were 53% of the
participants (8 out of 15) that liked the possibility of estimating
their progress in completing the CAT; mostly the progress bar
was recognized immediately.

A participant described it as pleasant that it did not take a lot
of time to fill in the CAT. There were one third of the
participants (5 out of 15) that were said to be glad with research
into fatigue, and liked to support it through their participation.
There were two participants that noted that it had been pleasant
to fill in the CAT.

Please continue this because it is very nice. (...) I
found it very nice after many years’ experience with
ROMA and especially with the paper questionnaires.
In the past I occasionally completed one of those
things every two months. And then you think, aaaach,
you really get to take such a pile of homework with
you. So, no, it was very nice. [Participant 11]

There were two other participants that also reported enjoying
the idea that the CAT is testing adaptively.

To provide an overview about the different topics that are
inherent to the use of a CAT in relation to those that are also
inherent to Internet questionnaires in general, we summarized
the main results in Table 2.
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Table 2. Usability topics and their specificity to CAT.

CAT specific/Internet fatigue measurementParticipants, N=15, n (%)Topic

Concerns CAT and Internet measurement12 (80)Clear and/or easy to complete

CAT specificOne question per screen

13 (87)Advantageous

2 (13)Did not matter

CAT specificSimilar formulated items in two thirds (N=10) of the administrations

7 (70)Confusion

3 (30)No comment

CAT specificDifferent response options, N=15

15 (100)Positive opinion

Specific to Internet measurement15 (100)Good readability

Concerns CAT and Internet measurement15 (100)Good test-length

Concerns CAT and Internet measurement6 (40)Usefulness

CAT specific3 (20)Criticism about not applicable items

Concerns CAT and Internet measurement14 (93)Enjoyment

Discussion

Usability of the Computer Adaptive Test
This study investigated the usability of the first version of the
CAT Fatigue RA in a sample of its end users. Overall, the CAT
was positively evaluated. It was described as easy to use, clear,
and brief. Also some participants reported to perceive the CAT
as a useful instrument, and appreciated the idea of the adaptive
test mechanism. Participants reported pleasure while filling in
the CAT. However, usability problems were also identified
regarding similarity between items and the general applicability
of some items.

Several elements are important for acceptance of new
technology and actual use of a system. The perceived ease of
use of the CAT was supported by this study. All participants
described reading the questions as clear and good, and were
positive about test-length. They said that the CAT was quick
and easy to complete. Moreover, it was argued that changing
response options prevents people from always giving the same
answer. Nearly all participants appreciated the successive
presentation of one item on the screen at a time, as it improves
clarity and makes it easier to concentrate on the question.

The item presentation in the CAT gave participants less control
during completion than they would have had while filling in a
traditional questionnaire. Since there is no opportunity to skip
forward or backwards, it is impossible to see all questions at
the same time, answer them in a flexible order, or review and
change already given answers [21]. Our results, however, give
a first indication that end-users might experience filling in one
item at a time as an advantage of a CAT.

Item Formulation
Regarding item formulation, participants reported that four
items in the severity dimension were formulated in a very similar
way. As they could not skip back within the CAT, they were

wondering whether the CAT presented items twice. To prevent
a person feeling confused by these items while filling in the
CAT, the first version of the CAT was adapted. Before the start
of the instrument, a brief introduction has now been included.
Therewith, patients are informed that some items may seem
similar. In this way, it should be prevented that people will
become distracted from filling in the CAT attentively, or that
they might feel uncomfortable because they feel unable to
answer in a consistent way. Another solution of this usability
problem might be a more sophisticated algorithm that is able
to recognize similar items, and consequently would avoid
presenting them within one administration. However, then,
usability issues might conflict with the selection of the best item
in psychometric terms.

Useful Instrument
Nearly half of the participants reported to perceive the CAT as
a useful instrument. They emphasized that the CAT contained
relevant and clear questions that cover patients’ fatigue
experience. Furthermore, participants liked the idea of the
adaptive test mechanism, and to receive items matched to their
individual level of fatigue. Since participants were not explicitly
asked about the usefulness of the CAT, this result is of special
interest. Probably a higher percentage of participants had
supported the usefulness of the CAT if a precise question about
this topic had been included in the interview scheme.

However, some participants mentioned that not all questions
were applicable to every patient. As a consequence, the response
option “not applicable” was added to six items in the next
version (eg, items about the impact of fatigue on work, cooking,
or driving the car). When the “not applicable” option is chosen,
the CAT receives no information for the fatigue estimation
through this item, and will select the next optimal item for that
particular patient as a substitute. In general, a comparable
method might also be used to enable a skip forward function in
a CAT. This could be useful in situations where it is adequate
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to give patients the possibility to skip questions they do not
want to answer, for example, regarding private information.
However, then an adequate way would be needed to
communicate the option to skip items to patients without
stimulating them to actually do this. Otherwise, too much loss
of information might be the consequence. In the CAT Fatigue
RA, a skip forward option does not seem necessary since the
item pool has carefully been developed with a Delphi approach
[23], and none of the participants of this usability study indicated
the wish to leave an item unanswered.

Technology acceptance is also related to perceived enjoyment.
Participants perceived completing the CAT as a pleasant
experience. They enjoyed answering successively one item on
the screen at a time, and liked the progress bar, as it informed
them on their completion progress. Other positive remarks
explicitly referred to the idea that the CAT is testing adaptively.

Conclusions
The TAM turned out to be an adequate guideline to study the
usability of the CAT Fatigue RA. Most participants reported to
perceive the CAT as easy to use, and nearly half of the
participants expressed that they perceived the CAT as useful.
Perceived usefulness is of special importance for acceptance
and use of new technology, and might be partly explained by
the perceived ease of use [17]. We also found evidence for the
role of perceived enjoyment [19] in this study. The combination
of perceived ease of use, usefulness, and enjoyment, point to
good acceptance and use of the CAT Fatigue RA when
administered via the ROMA system in daily clinical practice
in the future. Previous studies also reported a satisfactory
acceptance of CAT in health care [14-16]. Furthermore, our
results give a first indication that CAT methodology may
outperform traditional questionnaires not merely on
measurement precision, but also on usability and acceptance
valuation.

This usability test provided important insights for further
research with CATs. Similar formulated items and items that
might not be applicable to each participant are typical issues
that may be faced when implementing a CAT technology into
practice. From a theoretical viewpoint, it is beneficial to include
as many items as possible in the CAT item bank. Items that are
similar to each other may also be useful, as they can be selected
to measure very precisely at a certain level of fatigue. However,
for the user, this rationale is not always clear, and may lead to
usability problems. The same applies to an item bank with items
that have no “not applicable” options. CAT was originally
developed for educational and assessment purposes, where “not
applicable” options are not appropriate. Adopting this
technology into the health care context poses new usability
questions.

This study has shown that the technology of CAT was well
accepted by those who are intended to use it. The method of
thinking aloud in combination with a consecutive interview on

the participants’ experiences with the CAT has proven to be
effective in uncovering usability problems, and thereby provided
the opportunity to further improve the CAT. However, it cannot
be ruled out that only those patients registered for the study who
were already relatively familiar with using the computer. A
small group of patients without computer experience [24,25]
might possibly perceive using the CAT as less easy, less useful,
and less enjoyable than the current sample that was between 35
and 71 years of age. Furthermore, in the think aloud part of the
study, some participants had difficulties in distinguishing
between issues regarding the CAT, issues on item level, and
their personal situation. Some participants wanted to tell their
personal stories, while others experienced the CAT as so easy
to fill in that they could hardly find anything to comment on.
This might be explained by the fact that many of the participants
were already used to computer-based questionnaires. That no
comments emerged on layout issues might also be related to
the participants’ familiarity with ROMA, and the fact that it is
a well established Web application that has already been in use
for many years. The CAT runs in the same Web environment
as ROMA, using the same colors and letter types. This points
to the importance of layout familiarity in broad use of
computer-based testing.

A possible field for future research on the CAT Fatigue RA is
the development of a CAT version with a flexible stopping rule
that ends the item administration in cases when a certain
measurement precision is reached before 20 items have been
administered. This could lead to even more efficient
measurement. However, the realization is challenging because
the standard error on the separate dimensions does not always
decrease monotonously as in a unidimensional CAT. Such
nonmonotone progress of the standard error is inherent to the
multidimensional CAT algorithm that takes information into
account of all three dimensions at the same time. Future research
should make clear which possibilities are available for our CAT
regarding a flexible stopping rule.

To conclude, the CAT Fatigue RA turned out to be perceived
as an easy and useful measurement instrument that was also
enjoyed by participants. This study provided insight into
usability problems, leading to adaptations to the CAT. Moreover,
participants described usability aspects that exceed traditional
questionnaires. Next questions concerning the usability of CAT
methodology are related to attractiveness of adaptive
measurement in the long run. It is possible that the initial
enthusiasm for this innovative measurement instrument will
decrease when patients use the CAT on a regular basis and also
for different purposes. However, there is a good chance that
CATs will remain attractive since patients receive different
items each time, which prevents boredom and predictability.
However, it might also be imaginable that those different items
provoke scepticism about the comparability of CAT scores of
repeated measures and/or between persons. These topics have
to be examined in detail in future research.
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Abstract

Background: There is growing recognition that design flaws in health information technology (HIT) lead to increased cognitive
work, impact workflows, and produce other undesirable user experiences that contribute to usability issues and, in some cases,
patient harm. These usability issues may in turn contribute to HIT utilization disparities and patient safety concerns, particularly
among “non-typical” HIT users and their health care providers. Health care disparities are associated with poor health outcomes,
premature death, and increased health care costs. HIT has the potential to reduce these disparate outcomes. In the computer science
field, it has long been recognized that embedded cultural assumptions can reduce the usability, usefulness, and safety of HIT
systems for populations whose characteristics differ from “stereotypical” users. Among these non-typical users, inappropriate
embedded design assumptions may contribute to health care disparities. It is unclear how to address potentially inappropriate
embedded HIT design assumptions once detected.

Objective: The objective of this paper is to explain HIT universal design principles derived from the human factors engineering
literature that can help to overcome potential usability and/or patient safety issues that are associated with unrecognized, embedded
assumptions about cultural groups when designing HIT systems.

Methods: Existing best practices, guidance, and standards in software usability and accessibility were subjected to a 5-step
expert review process to identify and summarize those best practices, guidance, and standards that could help identify and/or
address embedded design assumptions in HIT that could negatively impact patient safety, particularly for non-majority HIT user
populations. An iterative consensus-based process was then used to derive evidence-based design principles from the data to
address potentially inappropriate embedded cultural assumptions.

Results: Design principles that may help identify and address embedded HIT design assumptions are available in the existing
literature.

Conclusions: Evidence-based HIT design principles derived from existing human factors and informatics literature can help
HIT developers identify and address embedded cultural assumptions that may underlie HIT-associated usability and patient safety
concerns as well as health care disparities.

(JMIR Human Factors 2014;1(1):e3)   doi:10.2196/humanfactors.3524
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Introduction

Pervasive and intractable health care disparities have been
convincingly documented at all levels of the US health care
system. Health care disparities are associated with poor health
outcomes, premature death, and increased health care costs
[1,2]. Although a large body of work has demonstrated the
existence of these disparities, there has not been any significant
systematic and sustained improvement over time [3].
Furthermore, several national trends in the United States suggest
that the scope and magnitude of these disparities are likely to
increase, including the growth of racial, ethnic minority,
immigrant, senior populations (eg, aging baby boomers), an
aging health care workforce, and a significant problem with
health literacy and English-language fluency among US
residents [4]. These disparities are associated with excess
morbidity and mortality, as well as increased health care costs
and patient harm, among affected populations and society in
general. It has been estimated that the combined direct and
indirect cost of health disparities in the United States was $1.24
trillion between 2003 and 2006 [2]. Despite many efforts to
date, there has been no systematic and sustained reduction in
any health disparity at the national level [5].

A number of federal agencies have called for an increasing role
for health information technology (HIT) in health care delivery
as a way to address health care disparities, in addition to
improving efficiency, quality, and patient safety [6]. The Center
for Medicaid & Medicare Services “meaningful use” program
promotes the use of electronic health records (EHRs), primarily
through financial incentives. Meaningful use has been
implemented in three stages. Stages 1 and 2 are focused on
introducing EHR use and integration within a health information
exchange system [7]. To the extent that EHRs are increasingly
becoming decision-making support tools for both providers and
patients through associated patient portals, it will be important
to both understand the impact of and effectively address
utilization differences associated with embedded cultural
assumptions. Indeed, reported disparities in EHR patient portal
use may be associated with such inappropriate cultural
assumptions [8-11].

In the United States, populations affected by disparities include
racial and ethnic minorities; persons of low socioeconomic
status; and those who have limited English proficiency, are

living with disabilities, and are over the age of 65 [12]. The
culturally informed design framework [13] is intended to provide
conceptual guidance for designers of HIT who are interested in
considering cultural factors in their system designs. The authors
of this framework articulated 4 design dimensions in which
cultural factors could impact usability: (1) technology platform,
(2) technology functionality, (3) information content, and (4)
HIT system-user interface. For example, regarding the
technology platform, African Americans and Latinos are much
more likely than other subpopulations to use mobile devices as
their primary means of accessing the Web [14] when they use
any technology. In terms of functionality, low-income racial
and ethnic minorities are more likely than other populations not
to use any technology at all. Among these individuals, 32% cite
usability issues as the primary reason for not using technology
[14].

Inappropriate embedded cultural assumptions that are associated
with usability issues may also be associated with user and patient
safety concerns as modeled by the EHR patient safety
framework (Figure 1) [15-17]. This framework does not
explicitly incorporate characteristics of EHR users such as
culture, but it suggests that several types of design flaws induce
use errors that can lead to patient harm. The frequency,
detectability, and complexity of the user errors, as well as
characteristics of patient populations, affect the potential
magnitude of patient harm for a particular event [15-17].
Although this framework is designed to apply to EHR systems,
we posit that it might also have utility with regard to
EHR-associated patient portals and other consumer HIT.

Among HIT users who are members of racial and ethnic
minority groups, it is possible that inappropriate embedded
cultural assumptions in HIT may contribute to unique patient
safety risks and/or concerns similar to risks stemming from
off-label uses of medications that have not been tested with
targeted patient populations. In other words, a design that is
safe and effective for members of one population may create
negative, unintended consequences for a population with
different characteristics. A significant body of evidence from
the medical, human factors, and ergonomics literature documents
that these differing characteristics may be physical, cognitive,
or cultural and that they can reduce the usability, usefulness,
and safety of HIT systems [13,18,19].
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Figure 1. A model for analysis and understanding the use related risks of EHR systems.

Methods

Overview
Existing best practices, guidance, and standards in software
usability and accessibility were subjected to expert review by
the study team. An iterative consensus-based process was used
to derive evidence-based design principles. The study team was
composed of a physician researcher with expertise in health
disparities and informatics and two human factors experts in
informatics. The team developed and followed the 5-step
methodology through regular monthly conference calls to
discuss emerging findings and achieve consensus. Input from
team members was delivered verbally and electronically in
additional exchanges between meetings. Peer reviewers of a
draft document included professionals with clinical expertise,
informatics expertise, and human factors expertise. The purpose
of this review was to identify those best practices, guidance,
and standards that could help identify and/or address embedded
design assumptions in HIT that could negatively impact patient
safety, particularly for non-majority HIT user populations. In
the Results section, we detail those principles derived from the
human factors literature that underlie existing best practices,
guidance, and standards in software usability and accessibility
that could help identify and/or address embedded design
assumptions in HIT that could negatively impact patient safety,
particularly for HIT users who are members of non-majority

groups. The 5-step methodology used to conduct the review
and elicit applicable evidence is outlined below.

Step 1
First, the target user populations were defined as potential EHR
HIT user populations at increased baseline risk for health care
disparities. As is clear from the health care literature, these
persons include HIT users of low socioeconomic status, users
who are members of racial and ethnic minority groups, users
who are non-native English speakers or users with limited
English proficiency, users with disabilities or who have physical
or cognitive impairments, and persons older than 65 years of
age.

Step 2
Second, relevant risk characteristics of the target user
populations that were likely to have EHR HIT design and/or
usability correlates were identified. The culturally informed
design framework describes 4 design dimensions (technology
platform, functionality, content, and user interface) that are
likely to influence HIT usability, acceptability, and effectiveness
for a given cultural group. The culturally informed design
framework also provides an evidence-based starting point for
choosing those target population characteristics identified or
hypothesized in the scientific literature to have EHR HIT design
and/or usability correlates. The technology platform is defined
as the type of HIT hardware in use. The functionality refers to
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the types of actions that may be performed within the HIT
system. Content refers to the message delivered by the HIT
system to the user. The user interface refers to the presentation
and organization of the content and functionality associated
with the hardware in question. Relevant risk characteristics of
the target user populations were considered within these 4
domains.

Step 3

Grounded Theory Approach
Third, a grounded theory approach was employed to identify
potentially applicable best practices, guidance, and standards
from industry and federal resources and from the scientific
literature. The literature was reviewed and data extracted along
the 4 design dimensions (technology platform, functionality,
content, and user interface) suggested by the culturally informed
design framework. The industry and federal resources and
databases described below were assessed.

Standards of the International Organization for
Standardization and International Electrotechnical
Commission
The International Organization for Standardization (ISO) is the
world’s largest developer of voluntary international standards.
International standards give state-of-the-art specifications for
products, services, and good practices to help make industry
more efficient and effective. Developed through global
consensus, they help to break down barriers to international
trade. The ISO was founded in 1947 and since then has
published more than 19,500 international standards covering
almost all aspects of technology and business. In addition, the
International Electrotechnical Commission (IEC) is a
not-for-profit, non-governmental organization founded in 1906
that develops international standards and conducts conformity
assessments for all electrical, electronics, and related
technologies. Because many industries around the world,
including the technology industry, rely on these organizations
for guidance and standards, relevant reports from these
organizations were reviewed as part of this study.

Section 508
In 1998, the US Congress amended the Rehabilitation Act of
1973 [20] to require federal agencies to make their electronic
and information technology accessible to people with
disabilities. Section 508 was enacted to eliminate barriers in IT,
to make available new opportunities for people with disabilities,
and to encourage development of technologies that help achieve
these goals. The Access Board, created by the US Congress in
1973, is an independent federal agency devoted to accessibility
for people with disabilities and is the federal agency responsible
for development and dissemination of Section 508 technical
standards. The board develops and maintains design criteria for
the built environment, transit vehicles, telecommunications
equipment, and electronic and information technology. It also
provides technical assistance and training on these requirements
and on accessible design, and it continues to enforce
accessibility standards that cover federally funded facilities.

The World Wide Web Consortium
The World Wide Web Consortium (W3C) is an international
community that develops open standards to ensure the long-term
growth of the Web. Web content accessibility guidelines
(WCAG) are developed through the W3C process in cooperation
with individuals and organizations around the world with the
goal of providing a single, shared standard for Web content
accessibility that meets the needs of individuals, organizations,
and governments internationally. The WCAG guidelines explain
how to make Web content more accessible to people with
disabilities.

The National Institute of Standards and Technology
Founded in 1901 and now part of the US Department of
Commerce, the mission of the National Institute of Standards
and Technology (NIST) is to promote US innovation and
industrial competitiveness by advancing measurement science,
standards, and technology in ways that enhance economic
security and improve quality of life. One of the major research
components of NIST is the Information Technology Laboratory
(ITL), which has been charged with the task of utilizing existing
and emerging IT to meet national priorities that reflect the
country’s broad-based social, economic, and political values
and goals. Its extended charge under the Federal Information
Security Management Act [21] is to continue to develop
cybersecurity standards, guidelines, and associated methods
and techniques.

The Office of Minority Health
The Office of Minority Health (OMH) was created within the
US Department of Health and Human Services in 1986. It is
one of the most significant outcomes of the 1985 Report of the
Secretary's Task Force on Black and Minority Health [22]. The
OMH is dedicated to improving the health of racial and ethnic
minority populations through the development of health policies
and programs that will help eliminate health disparities. Among
other things, the OMH develops and promotes policies,
programs, and practices to eliminate health disparities and
achieve health equity.

Step 4
Fourth, all potential evidence extracted from the above-described
literature was reviewed in detail. Inappropriate or otherwise
inapplicable best practices, guidance, and standards were
excluded on the basis of specific exclusion criteria. The
exclusion criteria included (1) no plausible association between
design feature guidance and a culturally based risk characteristic
and (2) no available design enhancement to improve a design
element that could contribute to HIT utilization disparities by
increasing the risk of usability or patient safety challenges,
particularly among the identified target user population.

Step 5
Fifth, best practices, guidance, and standards guidance were
summarized and underlying principles were derived. A
consensus-based approach was employed in which each member
of the study team could suggest a principle derived from the
included literature. This principle was then discussed among
study investigators. Principles were iteratively revised and
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amended. Final principles were included only if and when
consensus was achieved. Consensus was sought regarding the
state of the current evidence upon which the principle is based
and the degree to which the principle provides actionable
guidance.

Results

Overview
In reviewing the gathered documents, there appeared to be
underlying principles from the human factors literature regarding
how to discover unmet needs for a given population. In our
review, the target population of interest included users of low
socioeconomic status, users who are members of racial and
ethnic minorities, users with limited English proficiency, persons
older than 65 years of age, and users who have physical and/or
cognitive impairments. It is important to realize that these
principles do not apply exclusively to this target population.
Rather, their importance is derived from the fact that, if
significant attention is not given to these principles, the resulting
HIT system designs may unintentionally result in avoidable
usability and or patient safety challenges that differentially
impact “non-typical” users.

Principle 1.0: Information Technology Should Be
Designed Based Upon a Model of Error and Expertise
in Practice
In 1996, Woods, Patterson, and colleagues defined three levels
of practice-centered design: (1) understanding, (2) usefulness,
and (3) usability [23,24]. At the level of usability, the interface
and information design is analyzed for how easy it is for
representative users to accomplish designed tasks. At the level
of usefulness, evaluations of prototypes generate new ideas for
features and alternative approaches to meet newly discovered
requirements. At the level of understanding, for
practice-centered design, the problem definition is more than
merely learning about the field of practice and talking to the
practitioners; the designer must understand the nature of errors
that occur and how experienced practitioners develop and
maintain expertise. At the level of understanding, the typical
discovery is that an embedded assumption in the design of an
HIT system is not supported when representative users are asked
to perform a task. For example, a user might be expected to
forget a password needed to use an HIT system if it is
complicated, but it might be discovered that a common strategy
is to write passwords into a text message that is sent to
themselves and always maintained on their telephone. Thus, a
more likely issue would be for someone else to find the text
message with the passwords to avoid forgetting the login
information. Whether assumptions are due to culturally
influenced expectations or other means impacts the predictability
of anticipating issues, but the underlying principle of having a
practice-centered design to support learning more about the
nature of how errors are made and which strategies are employed
to meet needs remains the same [25].

Principle 2.0: Designing for Settings, Providers, and
Users With Limited Resources Improves Usability for
All Users
When designing HIT systems for persons with special needs or
for those otherwise disadvantaged, a typical outcome is to reduce
the resources required to easily use an HIT system. For example,
rather than requiring two hands to use a device, a “swipe”
method could be devised that would allow a task to be
accomplished by using the same hand that holds a device.
Similarly, a button could be enlarged to make it easier for an
older adult user with tremor to tap, which also would make it
easier for anyone to tap in a particular environment, such as
while on a moving train. Therefore, in many cases, it is believed
that designing HIT systems for populations with unique
technological needs will not result in a design that is tailored
in such a way that only a narrow user population would use it.
In fact, it is expected that making interfaces easier to use for
persons with lesser financial, cognitive, physical, and
educational resources will result in the development of better
HIT systems for all users. There will be exceptions for culturally
informed design, such as culturally appropriate language and
navigational expectations, but this is expected to form a small
percentage of recommended changes when tailoring an HIT
system to a target population.

Principle 3.0: Authentication Is Often One of the Most
Complex Elements of an HIT System
A standard heuristic in Web site design is to avoid or delay
authentication steps because many users will not pass beyond
that step. Similarly, a common measure of Web site usability
is “completion rates,” which is defined based on the proportion
of users who complete a task that has been started.
Authentication as it is currently performed with HIT systems
is often challenging, even for extremely experienced users with
a high degree of savvy regarding new technologies.
Workarounds that are likely to be found with authentication,
such as using memory aids with written passwords, sharing
passwords with family members, and using variants of a single
password for multiple HIT systems, often exist in all
populations. As resources become more limited, it is predictable
that these workarounds will be found or even increased. HIT
systems that require particularly complex or rigid password
structures are unlikely to work well without workarounds for
these populations, which may reduce the integrity of protecting
the information. In addition, because the health and medical
literature suggests that health and health care decision-making
and behaviors occur within a broader social context, particularly
among racial and ethnic minority group members [26-28], as
well as in situations where there are complex and dynamic
relationships with extended family members and caregivers and
management of multiple levels of access. In such circumstances,
the presence of multiple users accessing information will likely
require enhanced support.

Principle 4.0: Explicitly Design to Protect Against
Undesired Use of Information by Unintended Users
For populations with a historical mistrust of the medical
establishment, transparency about who is allowed to view private
health information, as well as the protections provided for
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breaches of confidentiality, is critical. Without addressing this
aspect of HIT, it is possible that useful HIT systems will fail to
be adopted by particular populations. Although this level of
mistrust may not be exhibited by majority populations, a general
principle for any HIT system design is to identify 3 common
categories of users: primary users, secondary users, and
unintended users. Primary users are the target population that
directly uses the interface. Secondary users generally access
information in an aggregated fashion from a database of
information generated by primary users, but typically do not
enter or modify data without permission granted for individual
users. Unintended users are users who could generate negative
consequences by accessing the data. This does not necessarily
involve illegal access to the data, such as by people trying to
steal an identity. It could include legal discovery of information
used in lawsuits or companies that use information for marketing
purposes to identify trends that help them to place
advertisements for targeted populations. Explicitly recognizing
and mitigating the risks due to unintended (but predictable) uses
of information is not a new idea in HIT system design. For
example, features that generate reports from trends tracked on
the basis of multiple users could be designed to automatically
remove any information that might inadvertently identify a
particular user who has sensitive information available in the
database.

Principle 5.0: Conduct Comprehensive Formative and
Summative Testing With a Reasonable Set of
Representative Target Users
With the burgeoning number of persons older than 65 years of
age, rapidly growing numbers of immigrants with limited
English proficiency, and surging numbers of racial and ethnic
minorities projected for the US population over the next decade,
the very notion of a “typical” user may need to be called into
question. To help ensure broad accessibility and usability, it is
imperative that testing involve both typical and non-typical
users who are likely to use the HIT system. In addition to testing
with representative users, it is important to use cases that allow
the identification of culturally embedded assumptions that do
not match the assumptions of intended users.

Discussion

Overview
To identify culturally embedded assumptions, we recommend
that representative users from all anticipated markets for a
product, including populations with unique technological needs,
be sufficiently represented in summative usability evaluations
and other design activities. Summative usability testing is
generally conducted prior to implementation of an HIT system
and involves having representative users interact with an HIT
system to conduct tasks, including any tasks that are anticipated
to be particularly challenging for any reason. Use cases are
typically employed throughout the entire design cycle for any
IT, from initial generation of rough mockups to summative
usability evaluations. Explicitly designing use cases to support
the discovery of embedded assumptions that would reduce
willingness to adopt an HIT system or that could create a patient
safety issue is recommended. Cultural differences in a majority

population will be unique for a specific population of interest.
Some variables to consider when characterizing a population
with respect to HIT use include health literacy; IT literacy;
socioeconomic status; level of influence on decision-making
by health care providers, family members, and religious or
community leaders; native language; English proficiency;
prevalence of disabilities; age; race; ethnicity; home
environment; geographic location; and country of origin.

We take low-income African Americans as one example of a
group with special HIT needs. For this group, some differences
from majority populations might include lower socioeconomic
status, limited English proficiency, low health literacy, limited
access to health care, and a high level of mistrust of the health
care system [3]. To design HIT systems for this population, one
recommendation is to include disparities-oriented use case
scenarios and user contexts as part of the EHR HIT system
design and developmental planning process. Examples of
disparities-oriented use cases could include use cases that
include one or more of the aspects described below.

Safety Net Provider
Developing and applying use cases involving common tasks
specific to clinical practice in safety net contexts are key to
elucidating unrecognized user requirements. For example, a
safety net provider may show a patient lab results by viewing
them together on a desktop computer screen designed for the
physician. In this use case, a patient may find it difficult to
understand that hemoglobin A1c is a measure of blood sugar,
for example. In addition, there are situations in which a patient
with diabetes mellitus may be counseled to reduce blood sugar
to a level below a normal range, and it may be difficult for
physicians to explain the reason for this if the display labels a
result as being within a normal range. An HIT system that does
not address these embedded assumptions could lead to poor
physician-patient communication and an increased likelihood
of poor adherence to provider recommendations [13,29].

Adult Caregiver of a Senior Relative
In many families, the need for adult children to care for elderly
parents is becoming increasingly common. This may be even
more likely among patients who are members of disadvantaged
populations, who may lack resources to provide alternate care
arrangements for their elderly relatives. The cognitive and
physical demands and stress of caregiving, combined with
childrearing, homemaking, and holding one or more jobs, may
create critical challenges for the safe and effective use of EHRs.
For example, consumer HIT systems may need to be designed
to minimize disruption of elder care, such as by having an option
to use it in a dark room without generating a bright light while
an elderly parent is sleeping.

Patients and Caregivers With Limited English
Proficiency
Providing care to patients with limited English proficiency
creates challenges for all involved parties. Employing a set of
common “referent” terms and symbols that have been found to
be common across cultures is recommended when available.
When not available, including study participants within the
range of a target population’s level of English proficiency during
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usability evaluations is recommended, as well as ensuring that
complex terms and constructs are included in the use case
scenarios.

Electronic Health Record Use in the Context of
Doctor–Patient Cross-Cultural or Communication
Barriers
In some cultures, major decision-making is considered a family
activity or at least a combined activity between spouses, family
members, and sometimes close confidants (eg, clergy). However,
informed consent and access to health information using a
personal login is currently considered largely from a Western
perspective (i.e., single users and individual rights). Usability,
user experience, and user satisfaction implications with the
application of such an EHR HIT system are not likely to be
optimal. Design accommodations could help address the
challenges created by these cultural differences, such as by
allowing multiple users to employ the same login credentials
to access information. In addition, representative user
populations could be expanded to include all appropriate
decision makers during the simulated sessions of a usability

test, or study participants could be explicitly asked about which
other members of a family or social network might play a role
in decision-making and how they could best access information.

Conclusions
We provide evidence-based examples and human factors–based
principles to help HIT system designers recognize and address
patient safety issues that may be due to inappropriate, embedded
cultural assumptions in HIT. Matching embedded assumptions
in designed HIT systems to cultural expectations of actual versus
intended or perceived users will likely increase the usability,
usefulness, and safety of HIT systems, particularly for user
populations whose characteristics differ from those of the users
anticipated by the original HIT system designers. In so doing,
the likelihood of creating or exacerbating HIT system
usability–related disparities would be significantly reduced.
Much more work is needed, however, to empirically and
definitively characterize the scope and magnitude of impact, as
well as to rank the importance of usability issues, unique to
populations whose characteristics differ from stereotypical users
and to document the effectiveness of the design principles
outlined in this review.
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