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ABSTRACT

Objective Mobile health (mHealth) systems are becoming more common for chronic disease management, but usability studies are still needed on
patients’ perspectives and mHealth interaction performance. This deficiency is addressed by our quantitative usability study of a mHealth diabetes
system evaluating patients’ task performance, satisfaction, and the relationship of these measures to user characteristics.

Materials and Methods We used metrics in the International Organization for Standardization (IS0) 9241-11 standard. After standardized training,
10 patients performed representative tasks and were assessed on individual task success, errors, efficiency (time on task), satisfaction (System
Usability Scale [SUS]) and user characteristics.

Results Tasks of exporting and correcting values proved the most difficult, had the most errors, the lowest task success rates, and consumed the
longest times on task. The average SUS satisfaction score was 80.5, indicating good but not excellent system usability. Data trends showed males
were more successful in task completion, and younger participants had higher performance scores. Educational level did not influence perfor-
mance, but a more recent diabetes diagnosis did. Patients with more experience in information technology (IT) also had higher performance rates.
Discussion Difficult task performance indicated areas for redesign. Our methods can assist others in identifying areas in need of improvement.
Data about user background and IT skills also showed how user characteristics influence performance and can provide future considerations for
targeted mHealth designs.

Conclusion Using the ISO 9241-11 usability standard, the SUS instrument for satisfaction and measuring user characteristics provided objective
measures of patients’ experienced usability. These could serve as an exemplar for standardized, quantitative methods for usability studies on
mHealth systems.
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BACKGROUND AND SIGNIFICANCE

To assist patients with diabetes, different types of support systems for

usability testing studies on mHealth technology for diabetes showed
great variations in usability testing methods. Of the list of 23 applica-

self-management have been developed using Information and
Communication Technology (ICT) including mobile health (mHealth)
technologies.™? Studies show that mHealth in particular has helped
improve chronic disease® and glucose management for these pa-
tients,*° but the usability of mHealth interventions still needs to be ad-
dressed more fully.®™®

Ensuring adequate usability is of the essence for the individual pa-
tient and because of the worldwide penetration of mobile phones.®
Mobile phone availability is approaching the 7 billion mark globally,
with a recent figure showing an estimated 6.9 billion subscriptions.®
An estimated 335 million wireless subscriber connections (mobile
phones, tablets, etc.) are in the United States alone.'® Given the vol-
ume of mHealth applications and insufficient usability assessments,
the potential impacts on user interactions are not clear but are likely
substantial. Attention is needed to performing standardized, system-
atic mHealth usability assessments."

International standards and validated instruments are available to
aid in the design of mHealth systems, although these are not yet
widely used in health care. For example, an October 2014 review of

ble studies, only four used a validated instrument.'" Only one study
followed a completely standardized procedure including the use of val-
idated instruments. "

Authors recommend a more widespread use of International
Organization for Standardization (IS0) guidelines and techniques "2 to
guide usability evaluations.' Expanding usability testing to be more
systematic and complete can help build a science of mHealth usability.
More standardized, comprehensive approaches would improve meth-
odological consistency, making it possible to begin comparing findings
across mHealth application evaluations.'"'? Researchers need to as-
sess the full set of recommended measures—effectiveness, effi-
ciency, and satisfaction—to obtain a more thorough picture of the
usability of any application."'* In that vein, this paper employs 1SO
9241-11 and techniques to address this gap for mHealth systems.

Studies also need to be conducted on the effects of relevant user
demographics because they can affect requirements including the de-
sign of future decision aids for chronic disease.">'® Specific user
characteristics can produce differences in task performance, but how
and in what way is not completely understood for mHealth systems.'”
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In this study, our goal was to complete an evidenced-based ap-
proach to assessing a mHealth system. To address noted gaps in cur-
rent mHealth usability testing, we employed a standardized method
assessing the full set of major aspects of usability recommended by
IS0 9241-11."® We used instruments with established psychometrics
such as the System Usability Scale (SUS) instrument, and we mea-
sured relevant user characteristics associated with mHealth task per-
formance to obtain a broader understanding of users, their tasks, and
performance outcomes in mHealth interactions.

Overview of Usability Testing

Usability is defined as “The extent to which a product can be used by
specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use.”'® Usability
testing is commonly used in the usability engineering and human-
computer interaction disciplines, and more recently, in the health care
arena.'®2° The purpose of usability testing is to determine obstacles
to effective and efficient product use as well as product acceptability
and satisfaction for representative users as they interact with the inter-
vention in a specific context,'81%:2"

Usability can be measured by several different methods. One of
the most common is heuristic evaluation, an expert-based approach
originally introduced by Nielsen.??2 In contrast, user testing typically
employs actual users such as health consumers.?>** A particular ad-
vantage to usability testing is that resource requirements can be fairly
modest. The number of users needed to perform user tests varies, but
a small sample of five to eight users can commonly identify 80—-85%
of usability problems.?>?® User test sessions include representative
tasks and scenario-based evaluation® in an environment suitable for
conducting the testing. This can be either a laboratory environment
under controlled conditions or in the field, either of which allows re-
searchers to obtain an understanding about how the intervention is
used in a specific context.2” The observation and task/scenario-based
process involves observing and assessing how users interact with the
intervention and how well the interaction supports users in achieving
their specific task goal(s).?>%®

Measuring Usability

1S0 9241-11

One of the quantitative methods to determine usability is outlined in
IS0 9241-11, a standard consisting of specific metrics about how well
a user fulfills specific goals (see Figure 1).'® This standard includes
the main concepts of user-centered design (UCD), which entails incor-
porating users early and often throughout all steps of the design and
development process.?

Figure 1: Usability framework according to ISO 9241-11.
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ISO 9241-11 describes in depth how users should interact with a
product, employing hands-on methods to indicate its overall usabil-
ity.>>*" One common technique is to record users as they perform
representative tasks during the interactions.'® If the indicated mea-
sures of effectiveness, efficiency, and satisfaction are fulfilled ade-
quately, the product can be considered to have attained an acceptable
level of usability.'® Appropriate terms are defined in Table 1.

Standards such as the IS0 9241-11 are especially suitable to apply
to new technologies such as mHealth systems and applications. In
support of this notion, Bevan concludes that these standards should
be used more frequently in usability work as they define good practice,
are objective, can ensure consistency in the work, and can provide
benchmarks for intervention by designers. '

Measuring Effectiveness and Efficiency

Effectiveness is typically measured by task completion success and by
counting the number of errors performed during the interaction.
Efficiency includes the level of effort and resource use by the user to
achieve usability goal(s) and is typically measured by timing each task
and averaging times across users and/or tasks.'®

Measuring Satisfaction

Satisfaction can be objectively measured with available instruments,
including the SUS instrument used extensively outside health care.
Developed and designed by Brooke, the SUS measures overall usabil-
ity, allowing comparisons across a range of contexts and systems.*?
This 10-item Likert scale instrument is typically administered immedi-
ately after interaction, allowing users to record their initial feelings and
responses.®? Instrument items have a range of 0—4. The SUS has
been evaluated for validity, reliability, and sensitivity.>~>° SUS scores
range from 0 to 100 providing an estimate of overall usability of the in-
tervention in the minds of users.3>*° Scores of above 70 are consid-
ered to be acceptable or good while scores of 85 or above indicate a
high level of usability or excellent score. Scores of 50 or below indi-
cate poor or unacceptable usability.>®

MATERIALS AND METHODS

The measures for this work were determined by employing a stan-
dardized usability assessment along with patient characteristics. The
evaluation process is described below.

Study Sample and Setting

The study received approval (HI-BEA-001#20111605) from the
Western Institutional Review Board, Olympia, Washington, USA. Study
participants were selected from a database of 2317 patients involved
in a larger randomized controlled trial on a diabetes mHealth interven-
tion. The larger study used a convenience sampling technique and

: Included attributes for usability according to ISO

9241-11."8

Effectiveness: To what extent the user can achieve a goal with accu-
racy and completeness

Efficiency: The level of effort and resource usage which is required by
the user in order to achieve a goal in relation to accuracy and
completeness

Satisfaction: The positive associations and absence of discontent that

the user experiences during the performance
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involved patients from 18 primary care clinics in the Salt Lake City
metropolitan area, Utah.” Inclusion criteria for the larger study were
(1) adults of 18 years old or older with (2) a type 2 diabetes diagnosis
and glycated hemoglobin (HbA1c) >8%, (3) not pregnant, (4) with cell
phone access, and (5) able to speak and understand the English lan-
guage. Ten patients were randomly selected from the larger study
database for inclusion in our usability study. These patients had no
prior experience with the mHealth web system evaluated in our cur-
rent study. Inclusion criteria for our usability study sample were (1) pa-
tients diagnosed with type 2 diabetes; (2) no cognitive impairment; (3)
some knowledge and use of computers, the Internet, and cell phones;
and (4) the ability to speak and understand the English language. After
obtaining informed consent, patients were scheduled for individual us-
ability sessions in a quiet room at Healthinsight, one of the US Beacon
Communities in Salt Lake City, Utah.

System Description

Care4Life® is an interactive algorithm-based mobile short messaging
service management system with an accompanying web portal for
patients with diabetes (see Figure 2). The system was designed as a
personalized, self-care management tool meant to function as input-
driven coaching support for patients’ self-care management and to aid
in the collaboration between patients and their health care providers.
Patients interact with the system by being prompted to send in their
self-management measures via text messaging. Typical transmitted
measures are blood glucose, blood pressure, weight, exercise, and
medication adherence.

User Assessment Tasks

Representative user tasks consisted of (1) sending in measurement
values to the system, (2) interpreting glucose measurements displayed
in a graph, (3) recording glucose measurement values, (4) exporting
glucose measurement value trends to a portable document format, (5)
interpreting blood pressure measurement in a graph view, (6) setting
and tracking goals regarding exercise and weight, (7) setting medica-
tion reminders, and (8) setting a physician appointment reminder. It
was vital to include a variety of relevant tasks of different lengths and
levels of difficulty to obtain representative and accurate performance.
Tasks were based on real case scenarios to simulate how patients
would interact with the system in a real-life situation according to the
care and self-management process and were validated by a panel of
three health care professionals and usability experts for content and
context accuracy.

Figure 2: System overview. --!
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Instruments and Outcome Measures

Demographics and IT/Computer Knowledge and Experience
Questionnaires

Two short pretest questionnaires were administered to assess pa-
tients’ background characteristics and information technology (IT) ex-
perience. These were divided to make them easy for patients to
complete. Validation was performed by three health care professionals
and usability experts. Patients were asked about their age, gender, ed-
ucational background, how long they had had diabetes, their experi-
ences and knowledge about computers/IT including self-assessed IT
knowledge, and if and how often they used a computer as well as the
Internet.

IS0 Standard Usability Measures

ISO measures of effectiveness and efficiency were measured as fol-
lows: Effectiveness was determined by degree of task completion and
the total number of errors per task. Task completion was coded using
three categories: (1) completed with ease when the user was able to
perform the task without any help from the test leader, (2) completed
with difficulty when the subject achieved the task with minor difficul-
ties and or with minor hints from the test leader, and (3) failed to com-
plete when the subject was unable to complete the task, even with
some minor hints. An error was coded when the subject performed er-
rors they could not solve or committed errors preventing further
progress.

Efficiency was determined by timing each individual task and com-
puting the average time for each task across patients. Efficiency or
time on task began when the user started performing the task and
ended when they pressed the participant/home button. Time was de-
ducted for prolonged loading and response time for the system.

Satisfaction was measured by administering the SUS. Scores were
calculated according to Brooke’s guidelines.®? This consisted of sum-
ming the scores on each of the 10 individual items. For items 1, 3, 5,
7, and 9, one point was subtracted from the resulting score. For items
2, 4, 6, 8, and 10, five points were subtracted from the resulting
score. The final sum of all scores was then multiplied by 2.5 to get the
overall satisfaction value.

Study Procedure and Data Collection

After completing the informed consent, patients filled out the pretest
surveys on demographics. Standardized training is recommended to
decrease individual variability in task performance due to knowledge
about a system.>® Thus, standardized training was done to simulate
an actual patient educational care process in the health clinic, and
users interacted with the system on their own. Researchers explained
the proposed evaluation process. Patients then interacted with the
system using the described tasks to enter and retrieve values as well
as read different graphs. Morae®*° software was used to video- and
audio-record patients interactions in the system. Subsequently, the re-
cordings were carefully coded using the specific metrics as defined
above on task success rate, errors, and time on task. The session
ended with the administration of the SUS. The testing procedure took
~1.5h per patient, and patients received a gift card for $20 after fin-
ishing the session.

Data Analysis

Results were calculated using a Microsoft® Excel®** spreadsheet.
Descriptive statistics such as means and standard deviations were
calculated in SPSS® version 22*' on effectiveness, efficiency, and sat-
isfaction results. Aggregated data were compiled for the specific tasks
across patients. Descriptive statistics results were compared to the
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sociodemographic data to distinguish differences and similarities be-
tween users and their performance data. To make comparisons be-
tween user characteristics and user performance and satisfaction, we
compared gender, age, education, diabetes diagnosis, and IT/com-
puter knowledge and experience (based on rated experience vs rated
inexperience) against effectiveness, efficiency, and SUS mean scores.
Statistical correlations were not performed due to the small sample
size.

RESULTS

Patient Demographics, IT/Computer Knowledge, and Use (Pretest
Questionnaire)

The 10 patients had a variety of different backgrounds and character-
istics. Six participants were female and four male. Most (70%)
were older adults (50—69 years), while 30% were between the ages of
30-49. Most patients had college or university education (80%). Sixty
percent were diagnosed with type 2 diabetes >5 years ago while
40% were diagnosed <4 years ago.

IT and computer knowledge use and preferences differed among
patients. Half rated their IT knowledge level at medium and 30% at
high while the remainder indicated little knowledge. A majority (80%)
of patients reported using a computer and the Internet every day.
Eighty percent also agreed or strongly agreed that they enjoyed using
the computer in their work or leisure time.

Effectiveness

The task effectiveness results are presented in Figure 3. Tasks 3 (cor-
recting a glucose measurement value) and 4 (exporting a glucose
value) were the most difficult to complete with 30% and 40% failure
rates, respectively. Tasks 1, 2, and 5 (send in measurement value, in-
terpret glucose measurement value, and interpret blood pressure
measurement value) were completed with ease by all.

The error rates mirrored task completion difficulty with Tasks 3
and 4 having the largest number of errors while Tasks 1, 2, and 5
were completed without any errors (see Figure 3). The largest number
of errors was quite high at 9 and 13. The kinds of errors committed

included patients having difficulties in remembering steps, finding cor-
rect options, and performing the different steps in the process. Errors
were especially prevalent with tasks related to (1) locating glucose val-
ues for correction, (2) exporting these data, (3) remembering how to
delete values or select values, (4) navigating to the correct screens to
accomplish these tasks, and finally (5) remembering how and where
to add or export their glucose values.

Efficiency

As may be seen in Table 2, Tasks 3 and 4 consumed the longest
amount of time, as might be expected given the difficulties with task
success and errors mentioned above. On the other hand, Tasks 2 and
5 took the shortest times. Tasks of correcting and exporting values (3
and 4) had mean scores 2—3 times as long as those related to inter-
preting values.

Satisfaction

The average SUS score for the whole group was 80.5 (SD 11.47) indi-
cating good satisfaction across these mHealth system users as seen
in Figure 4. However, wide variations in scores existed with a low
value of 62.5 and high score of 97.5 (a 35-point range). The highest
ratings ranged from 87.5 to 97.5 or excellent (30% of the patient sam-
ple) to the lowest from 62.5 to 72.5 or “OK” to minimally acceptable
(30% of the patient sample).

User Characteristics, IT Knowledge, and Internet Skills and
Usability Metrics
User characteristics and objective data were assessed for additional
insights (Table 3). Descriptive trends indicate a difference across gen-
ders, ages, diabetes diagnosis, and IT/computer knowledge and expe-
rience. Males in this sample had higher average success, lower error
rates, and higher mean SUS scores than females. Younger patients
also had higher average task completion rates on tasks, only one error
average on tasks, lower task completion times, and higher mean sat-
isfaction scores.

Patients with a more recent diabetes diagnosis had a higher aver-
age task success rate, fewer errors on tasks, shorter average time on
tasks, and higher average SUS scores. High school or college/

Figure 3: Task success and error rate by task. _
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Table 2: Time on task per task

Task 1 Task 2 Task 3

Task 4 Task 5 Task 6 Task 7 Task 8

Time per task (min) | Mean (SD) | 1.51(0.48) | 1.45(0.45)

4.18 (1.55)

3.67 (1.71) | 1.33(0.37) | 2.21(0.72) | 1.75(0.56) | 1.69 (0.57)

Range 0.97-2.41 | 0.91-2.50

1.66-6.47

1.35-6.86 | 0.80-2.01 | 1.33-3.27 | 0.91-2.72 | 0.76-2.61

Figure 4: Overview of modified SUS rating table with in-

serted value ranges.*
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university education did not have an influence on performance or sat-
isfaction scores. More experienced IT/computer users performed tasks
more quickly and with fewer errors than those less experienced. They
also had higher SUS scores compared to the less experienced users.

DISCUSSION

This study demonstrates the application of systematic usability methods
and how researchers may take into account relevant patient characteris-
tics during mHealth system interactions. These considerations are con-
sistent with the predicted growth in mHealth usage rates.® Our results
show how the ISO usability standard may be employed to assess the
set of effectiveness, efficiency, and satisfaction measures. The compre-
hensive set of variables allow increased understanding of system usabil-
ity by users, their tasks, and their performance interaction requirements
for mHealth systems. Moreover, this study shows how patients’ charac-
teristics can influence interaction performance and how developers
might create more usable eHealth and mHealth systems.

Interpretation of Task Performance Results, Satisfaction, and
Demographic Trends

Possible reasons that Tasks 3 and 4 (updating and exporting a glucose
value) proved difficult might be related to the tasks, to user practice,
and also to needed redesign. These two tasks were more complex, re-
quiring several steps, while tasks 1 and 5 were more straightforward,
with only one step each. Another possible reason is that this usability
test assessed users while they were still practicing these new, more
complex tasks.

The overall satisfaction results indicated good, although not excel-
lent, usability. In fact, nearly one-third of the participants gave the sys-
tem a rather poor usability rating (“OK”). The results indicate areas for
system improvements. For example, users were confused about the
multiple steps and current, nonintuitive steps in Tasks 3 and 4.
Although this task ought to be straight-forward, the current design is
not, requiring users to navigate to different areas of the system to de-
lete and enter new values. Clearly, the multiple steps can be

streamlined, so this usability test presented objective data about these
current, cumbersome tasks.

In this sample, demographic and performance trends indicated
that males and those with more IT experience performed slightly better
and had higher SUS scores. Younger patients also performed faster
and had fewer errors. These trends point to problematic areas, espe-
cially for users with specific characteristics. Therefore, designers may
also need to tailor interactions for targeted users; for example, older,
less experienced users. This aspect of the study is congruent with
other literature indicating mHealth interventions need to be better
adapted to a wide variety of users to facilitate wider usage for a larger
number of users.*?

Results across the examined performance and satisfaction vari-
ables were congruent, although this is not always the case in usability
studies. That is, participants who completed tasks more successfully
were also faster and committed fewer errors. Those who performed
better had higher satisfaction scores.

Contributions to the Literature

To our knowledge, this is the first usability study on mHealth diabetes
interventions assessing usability effectiveness, efficiency, and satis-
faction together by using validated measures. In addition, we used the
ISO usability standard and SUS instrument to compare usability metric
performance outcomes to pertinent patient user characteristics.

This study helps fill several gaps in the literature. Previous authors
recommended more usability studies focused on patient engagement
and product interaction®®*® as opposed to exclusively medical out-
comes.*>** Other authors have reported the need to explore the influ-
ence of demographic characteristics and technology on usability
assessment scores to assist in designing future interventions targeted
to specific populations.'®™” Finally, previous authors argued about the
importance of assessing effectiveness, efficiency, and satisfaction
measures together to obtain a fuller picture of the usability as
was done in the current study.'"' This study fulfilled these
recommendations.

This study adds to the literature on mHealth interventions as an ex-
ample of an evidence-based approach resulting in a more inclusive
quantitative usability assessment. We employed actual users during
testing, adhering to recommendations from the ISO usability standard.
The results provide developers with specific data about where patients
experience the most difficulty in the product and where tasks should
be redesigned to accommodate a wider variety of users. This study
could serve as an exemplar to others evaluating mHealth systems who
want to generate benchmark data and provide reproducible compara-
ble results.

Usability testing results do not have to show overall poor usability
to be helpful. Moreover, we need positive examples of usability testing
with mHealth systems. In the past, authors focused mainly on negative
examples. This study uses a standard methodology to explicate the
core usability issues that need to be addressed and provides specific
techniques others may employ to evaluate and improve the usability of
mHealth systems.
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Table 3: Comparison between user characteristics and usability metrics

User characteristics Success rate,mean (SD) Error rate, mean (SD) Time on task, mean (SD) Satisfaction, mean (SD)
Gender

Male 93.75 (12.50) 2.25 (2.63) 1.68 (0.39) 83.13 (2.39)

Female 89.58 (12.29) 417 (2.71) 2.58 (0.41) 79.69 (14.98)
Age (years)

30-49 100 (0.00) 1.00 (1.00) 1.95 (0.27) 88.33 (8.04)

50-69 87.50 (12.50) 4.43 (2.57) 2.34 (0.68) 77.14 (11.50)
Diabetes (years)

0-4 100 (0.00) 1.50 (1.14) 2.05 (0.30) 88.13 (6.57)

>5 85.42 (12.29) 467 (2.73) 2.34 (0.74) 75.42 (11.56)
Education

High school 93.75 (8.84) 3.50 (0.71) 2.39(0.23) 81.25 (12.37)

College/university 90.63 (12.94) 3.38 (3.07) 2.18 (0.67) 80.31 (12.13)
IT/Comp. Experience

Less experienced 87.50 (17.68) 6.50 (3.54) 2.71(0.22) 76.25 (19.44)

More experienced 92.19 (11.45) 2.63 (2.07) 2.10 (0.61) 81.56 (10.43)
Sample (n=10) 91.25 (11.86) 3.40 (2.72) 2.22 (0.60) 80.50 (11.47)

LIMITATIONS

Our study involved a smaller user sample from a specific diabetes
population, which may make it difficult to generalize findings to the
general population. Although these users were randomly selected
from a larger database of a mHealth diabetes intervention study, the
larger study used a convenience sampling technique. The sample size
of 10 subjects is appropriate for usability testing and is greater than
sample sizes recommended by Nielsen and Landauer®, and Virzi.?®
However, these users may not be representative of all mHealth users
of diabetes systems. In particular, the participants in this randomized
sample were more highly educated than most samples of patients
with diabetes, especially those in urban areas. Future research in the
area could explore other mHealth technologies as well as repeating
this study on a greater scale with larger, randomly selected user sam-
ples to determine performance and satisfaction outcomes. Other user
characteristics could be compared to these performance measures. In
summary, this system focused on diabetes specifically, but the find-
ings may also have broader applications for product designs of other
chronic disease applications and concomitant usability testing.

CONCLUSION

The purpose of this study is to act as an exemplar for systematic us-
ability methods. While results showed good (not excellent) perceived
usability satisfaction, nearly one-third of users rated the system as
having rather poor usability. The results do show objective data for de-
velopers and point to needed corrections, especially for confusing
tasks. The variations across users and tasks are notable. Objective
data are important because designer and researcher perceptions
about tasks and user performance may not be congruent with perfor-
mance data. In addition, system change lists can then be data-based
to determine priority corrections.

This study demonstrates the use of a thorough quantitative ap-
proach by taking into account varied needs of users who interact with
mHealth systems for disease management. It also shows the useful-
ness of performing several different kinds of assessment measures.

10

The study used methods recommended in the ISO standard to assess
effectiveness, efficiency and satisfaction with validated tools such as
the SUS instrument. Together, these methods provide an increased
understanding of system usability and could serve as an exemplar for
methodological approaches by designers and researchers.

The present study addressed a gap in the literature by examining
patients with varied characteristics and skill levels on a suite of perfor-
mance outcomes. Trends such as those seen herein can help devel-
opers interpret user needs in designing more usable mHealth
systems. Trends in participant socio-demographic and IT knowledge
data also indicated that gender, age, disease duration, and IT experi-
ence level may influence interaction outcomes. To increase the scale
of mHealth use to promote wider use and wider acceptance, these
kinds of user characteristics will likely need to be considered more
thoughtfully in system design in the future.
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