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Abstract

Background: Maintaining nutrition and exercise strategies after rehabilitation can be difficult for older people with malnutrition
or limited mobility. A technical assistance system such as an e-coach could help to positively influence changes in dietary and
exercise behavior and contribute to a sustainable improvement in one’s nutrition and mobility status. Most apps do not provide
a combination of nutrition and exercise content. In most cases, these apps were evaluated with healthy individuals aged <70 years,
making transferability to vulnerable patients, with functional limitations and an assumed lower affinity for technology, in geriatric
rehabilitation unlikely.

Objective: This study aims to identify the potential for optimization and enhance usability through iterative test phases to
develop a nutrition and mobility e-coach suitable for older adults (≥65 years) based on individual health behavior change stages
in a rehabilitation setting.

Methods: Iterative testing was performed with patients aged ≥65 years in a rehabilitation center. During testing, participants
used an e-coach prototype with educational elements and active input options on nutrition and mobility as a 1-time application
test. The participants performed navigation and comprehension tasks and subsequently provided feedback on the design aspects.
Hints were provided by the study team when required, documented, and used for improvements. After testing, the participants
were asked to rate the usability of the prototype using the System Usability Scale (SUS).

Results: In all, 3 iterative test phases (T1-T3) were conducted with 49 participants (24/49, 49% female; mean 77.8, SD 6.2
years). Improvements were made after each test phase, such as adding explanatory notes on overview screens or using consistent
chart types. The use of the user-centered design in this specific target group facilitated an increase in the average SUS score from
69.3 (SD 16.3; median 65) at T1 to 78.1 (SD 11.8; median 82.5) at T3. Fewer hints were required for navigation tasks (T1: 14.1%;
T2: 26.5%; T3: 17.2%) than for comprehension questions (T1: 30.5%; T2: 21.6%; T3: 20%). However, the proportion of unsolved
tasks, calculated across all participants in all tasks, was higher for navigation tasks (T1: 0%, T2: 15.2%, T3: 4.3%) than for
comprehension tasks (T1: 1.9%, T2: 0%, T3: 2.5%).

Conclusions: The extensive addition of explanatory sentences and terms, instead of shorter keywords, to make it easier for
users to navigate and comprehend the content was a major adjustment. Thus, good usability (SUS: 80th-84th percentile) was
achieved using iterative optimizations within the user-centered design. Long-term usability and any possible effects on nutritional
and physical activity behavior need to be evaluated in an additional study in which patients should be able to use the e-coach
with increasing independence, thereby helping them to gain access to content that could support their long-term behavior change.

(JMIR Hum Factors 2022;9(1):e31823) doi: 10.2196/31823
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Introduction

Background
Different demographic, clinical, biological, and lifestyle factors
contribute to the development of frailty and sarcopenia in older
populations. The accumulation of these risk factors leads to a
reduction in resistance to health stressors. In addition to a decline
in independence, there is an increased risk of falls and mortality
[1,2]. In many older people, malnutrition and reduced physical
activity are associated with each other [3]. The performance of
physical exercises in combination with a protein-rich diet is a
promising approach for the prevention and treatment of frailty
[1]. Such treatments can be provided as part of outpatient or
inpatient geriatric rehabilitation, although inpatient geriatric
rehabilitation is more common in Germany. In the context of
geriatric rehabilitation, patients are treated by a multidisciplinary
team, which focuses on the individual needs and abilities of the
patient [4,5]. However, long-term maintenance by older adults
after rehabilitation is often unsuccessful. Negative influences
on adherence, such as sudden changes in health status, a lack
of interest or motivation, low self-efficacy, or low expectations
of improvement [6,7] are likely to be factors affecting this lack
of success.

Technical assistance systems, such as health apps, could help
ensure that dietary and exercise behaviors are implemented and
changed after rehabilitation. In a survey in Germany with older
adults (aged >65 years) in 2020, up to 22% reported that they
used health apps to track fitness data, and 16% used apps to
obtain information about health, fitness, and nutrition topics.
However, the proportion of seniors interviewed who could
envision using such apps was more than twice as high for both
types of health apps [8]. Factors that influence the acceptance
of health apps should be considered in an effort to encourage
older adults to use such apps. Barriers to the acceptance of health
apps include a lack of trust in health apps, privacy concerns,
and fear of misdiagnosis. In addition, older people who generally
use apps, but who have no experience using health apps,
reported a lack of health app usability and low self-confidence
as reasons for poor acceptance [9]. In addition to improving
older people’s access to technology, it is also essential that
health apps are valid, reliable, and based on current scientific
evidence. It is recommended to increase the involvement of
older people in the design, conceptualization, and testing of
such apps [10]. Most scientifically developed health apps were
evaluated with individuals aged up to 70 years or with older
adults without health impairments [11-13].

Apps are one type of technical tool for improving, assisting, or
supporting people. The various realizations, such as tele-visits,
exergames, or health websites, can be summarized under the
term eHealth. A review of the use of eHealth in the context of
geriatric rehabilitation revealed that most studies (68%) involved
people with neurological diseases. In addition, only 8% of all
identified studies assessed the use of health apps as an eHealth
intervention. However, the results on the applicability of eHealth

with the target group indicated that interventions are feasible if
adequate training takes place, and if the eHealth intervention is
simple and has good usability [14]. For example, a study on
telerehabilitation via a website compared with conventional
rehabilitation after a hip fracture showed that patients in the
telerehabilitation group achieved better functional scores than
those in the control group [15]. In addition, in a study by Bean
et al [16], the implementation of a 12-month web-based training
program using a tablet and supervised by a physiotherapist led
to a significant reduction in emergency department visits and
hospital admissions in older adults with mobility impairments.
However, there is also evidence that the more severe the health
limitations of older people, the less willing they are to use
eHealth [17]. A systematic review of the use of health apps to
improve dietary behavior and nutrition-associated outcomes
was unable to find any studies that focused on the use of such
apps by people aged >70 years [18].

As previously described, a nutrition intervention in combination
with an exercise intervention could lead to more significant
effects than would an exercise intervention alone in older people
with frailty or sarcopenia [2]. An app that offers coaching in
the sense of providing information and feedback on physical
activity and nutrition topics, thus supporting behavior change
or the maintenance of newly adopted behaviors and tailored to
the needs of older people, could therefore be a promising
approach to making a rehabilitation program even more effective
and sustainable. The use of the app should be continued after
rehabilitation and thus provide support in everyday life in the
uptake, implementation, and maintenance of the
recommendations in the area of nutrition and physical activity.

To develop an age-adapted device and health app (e-coach) for
older adults with deficits in nutritional status and physical
activity needs, we followed the German International
Organization for Standardization 9241-210:2019 Ergonomics
of human–system interaction—Part 210: Human-centered design
of interactive systems [19] and the user-centered design process
[20].

These concepts first require an analysis of the context of use
and, as a next step, a specification of the use requirements. The
context of use was described in a previous study by performing
and analyzing focus groups with older adults as well as experts
[21]. In all, 3 focus groups with patients and relatives (10/17,
65% female; 16/17, 94% in a 70- to 99-year–age category) and
1 focus group with experts (2 dieticians and 1 physiotherapist)
were held in a geriatric rehabilitation center. Interviews held
with the focus groups were recorded, transcribed verbatim, and
analyzed using content analysis. Both patients and therapists
mentioned very similar points as relevant topics for e-coaches.
Examples of the aspects mentioned included information about
nutrition in advanced age, macronutrients, fluid intake, nutrition
myths, physical activity recommendations for older adults,
guidance in performing physical exercises, information on goal
setting, the risk of falling, and adherence to physical activities.
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However, individual perceptions of the need for further
information varied widely.

The information gained was used to derive the user and design
requirements for the e-coach. For geriatric patients in
rehabilitation, educative content from the areas of nutrition and
physical activity focused on the changes and demands of aging
that should be included in the e-coach. The older adults would
also like the e-coach to be able to provide them with exercises
and thus support them in their training. The feedback and
evaluation of input regarding nutrition and exercise are described
as helpful but should not be an admonition. The results indicate
that, as many patients in this age group have little experience
with technology and usually use other sources of information,
it is important to develop a nutrition and mobility e-coach,
particularly given the easy handling and provision of clear
information to individual users on the advantages of the e-coach.
It is also important for older adults to avoid barriers, such as
small font, low video volume, or poor contrast.

The e-coach needs to be integrated into users’daily lives without
stressing or restricting them. Moreover, it must be possible to
adapt the content to the physical abilities of the users, and
because of the heterogeneity of older people in terms of previous
knowledge and willingness to change their behavior, appropriate
strategies should be used. A recent umbrella review of eHealth
interventions suggested that applications involving behavior
change techniques may have promising effects on physical
activity, sedentary behavior, and healthy eating. However, it is
not yet known which theoretical construct is the most effective
[22]. In this study, the transtheoretical model of behavior change
(TTM) was used as the underlying psychological construct for
the e-coach. The patient was categorized into one of the five
TTM phases reflecting their readiness for change: (1)
precontemplation, (2) contemplation, (3) planning, (4) action,
and (5) maintenance. In the first phase (precontemplation), there
is no awareness of the problem or intention to act yet, whereas
in the fourth stage (action), the desired behavior is already
specifically being executed. Different strategies are used at each
phase to achieve or sustain targeted behavior [23]. The model
was first developed in the context of substance abuse treatment;
however, it has also been applied to other health behavior change
processes, such as increasing physical activity [24,25]. A recent
systematic review on the use of the TTM in programs designed
to improve physical activity in older people showed positive
effects on relevant parameters, such as the reduction of sedentary
behavior, the increase in activity time per week, an increase in
the number of steps, and an increase in the daily total of
moderate to vigorous activity time [26]. In another study that
used an app to increase physical activity in healthy older adults,
the TTM was also used and positive effects on exercise
adherence and walking speed were observed [13].

On the basis of the findings from the focus groups, it was
possible to further differentiate the settings for teaching the use
of the e-coach. To give older adults time to familiarize
themselves with the system and generally introduce them to its
use, this introduction should already take place in the
rehabilitation center. In a real health care situation, it would be
easier to explain the technology to the patient; in case of
questions or if further explanations are necessary, it would be

more uncomplicated to address these points in a personal
appointment. In addition, patients would also be able to repeat
relevant content that they may not have been able to remember
completely from the seminars at their own pace. Therapists
should have the possibility to adapt the e-coach to the needs of
the patients and their TTM phase. As, in the context of
rehabilitation, the therapies take place directly between the
physiotherapist or nutritionist and the patient, and the
interventions are also strongly influenced by the interactions
between the professionals and patients, complete automation
of the e-coach would not be efficient. Adaptations of the e-coach
to the patient’s previous knowledge and support needs should
therefore be made by a physiotherapist or a nutritionist.

Objectives
This paper aims to describe the design process and an iterative
evaluation of the developed content. The aim of this study is to
identify optimization potentials and enhance usability through
iterative test phases to develop a nutrition and mobility e-coach
based on individual health behavior change stages, usable for
older adults (≥65 years) in a rehabilitation setting.

Methods

Study Design
The e-coach prototypes were evaluated with older adults in 3
iterative test phases, using a between-subject design. User
experience was reflected by the System Usability Scale (SUS)
[27] and participants’ comments, which were made while
thinking aloud during the tests.

To detect and analyze usability problems in more detail, at least
10 patients were included in each iterative test phase [28]. Then,
based on the feedback, improvements were made and the
prototypes were evaluated again with the target group. The
opinions of other relevant stakeholders (physiotherapists and
nutritionists) were taken into account throughout the design
process by involving professionals from these disciplines in the
study team.

Ethics Approval
The study was approved by the Ethical Review Board of the
Carl von Ossietzky University Oldenburg (registration number:
2018–132). We conducted the study in accordance with the
Declaration of Helsinki and the underlying data protection
regulation.

Participants
Patients in rehabilitation, from geriatric and cardiology wards,
were eligible based on the following inclusion criteria: (1)
participants aged ≥65 years and (2) participants were able to
speak and understand German. Exclusion criteria were (1) severe
visual impairment (eg, inability to read large font on a screen),
(2) severe hearing impairment (eg, deafness), or (3) inability to
understand study information and provide informed written
consent (eg, aphasia or severe cognitive impairment or
dementia). Participants were recruited by placing flyers in the
patients’ wards.
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Tablet App (e-Coach)
The e-coach screens were designed in Adobe XD (version 34;
Adobe Systems) for a 10-inch tablet in landscape mode. Design
guidelines for apps for older adults were used to take into
account specific requirements, such as a decline in vision or
decreased motor abilities when developing the prototype [29,30].
To ensure a linear navigation structure, the position and design
of the navigation buttons were always identical. The only gesture
needed was to tap a button to minimize the number of necessary
gestures. The structure of different screens containing the same
type of information provision (eg, videos or texts) was kept
identical.

The e-coach contained two main topics: mobility and nutrition.
Both topics offered five modules in total, which were identified
from previous focus group discussions with patients and experts.
The e-coach was designed to support behavior change in older,
vulnerable patients in rehabilitation by providing information,
education about risk factors, and strategies for implementing
and maintaining nutrition and physical activity
recommendations. Different elements, such as videos, texts, or
quizzes, were used to provide the information. In addition, the
e-coach included educational elements and active input options,
such as feedback on nutrient intake through entries in a nutrition
diary or instructions and documentation of physical exercises,
and an overview of the achievement of exercise goals. The
modules entitled interesting facts, recommendations, and
execution were elements of both main themes, although with
different subthemes (eg, content about fall risk factors or
strategies to promote the intake of fluids). The modules and
their content differed according to the phase of the TTM. For
example, by focusing more on educational content in the
precontemplation and contemplation phases, strategies to
increase problem awareness, environmental re-evaluation, and
emotional experience are promoted, whereas, in the planning,
action, and maintenance phases, more content was introduced
that enabled the maintenance of new behaviors, such as
enhancing self-efficacy or offering specific action guidance.

The module content and the composition of modules for each
TTM phase were compiled in advance by members of the study
team who have expertise in physiotherapy and nutritional
therapy. The content of the nutrition modules was based on the
recommendations of the European Society for Clinical Nutrition
and Metabolism guidelines on clinical nutrition and hydration
in geriatrics [31], as well as on the information provided in
brochures issued by the IN FORM initiative of the Deutsche
Gesellschaft für Ernährung (German Nutrition Society) entitled
Essen und Trinken im Alter (Eating and drinking in old age)
[32] and Mangelernährung im Alter (Malnutrition in old age)
[33]. The content of the physical activity modules was mainly
based on the national recommendations for physical activity
and physical activity promotion, the Älter werden in Balance
(Getting Older in Balance) program of the Federal Center for
Health Education and the recommendations from the IN FORM
initiative run by Bundesarbeitsgemeinschaft der
Seniorenorganisationen (German National Association of Senior
Citizens’ Organizations) [34]. Physical exercises were based
on exercises from the Otago Exercise Program [35],
Lifestyle-integrated Functional Exercise-Program [36], and
home-based older people’s exercise [37] programs, which were
developed especially for older people and people at risk of
falling. Automated adaptation of module content was not part
of the e-coach. The results of the focus groups did not indicate
that this would be a requirement for therapists for such apps.
Moreover, the app should be able to be used as support and an
addition within the scope of therapies in rehabilitation and in
further outpatient care. Therefore, the use should be embedded
in the context of the therapy situation, and the assessment of
the TTM phase should not be done completely automatically
but by the therapist in interaction with the patient. Therefore,
the TTM phase is determined as described below and then set
in the app. In the context of this study, no direct association
between the TTM phase and the ability to perform tasks in the
app was assumed, as it was a 1-time application test with
specific task instructions to the participants. The general
structure of the e-coach is shown in Figure 1.

Figure 1. Structure of the e-coach modules.
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Procedure

Overview
Data were collected in the form of in-person testing in patients’
rooms at the rehabilitation center. After the patients had been
informed of the content and the procedure of the study by a
study team member (LH or MS) and had signed the informed
consent, a survey was conducted on sociodemographic data,
data on nutrition and physical activity, the phases of behavioral
change, and technology commitment. A usability test was
subsequently performed. The entire process of data collection
took approximately 45 minutes to 60 minutes per patient.

Evaluation of Nutritional Data and Physical Activity
Nutritional status was assessed using the Mini Nutritional
Assessment-Short Form (MNA-SF) [38] and a survey of
nutritional behavior based on an eating protocol for a typical
day. The data from the eating protocol were compared with the
recommendations of the German Nutrition Society for people
aged >65 years [39]. Physical activity was evaluated using the
Physical Activity Scale for the Elderly (PASE) [40]. The
intensity, type, and duration of the activities described were
compared with the German national recommendations for
physical activity in older adults [41].

Phases of Behavior Change (TTM)
Patients were classified separately into the TTM for physical
activity and nutrition based on the data from the dietary protocol
and the PASE. Patients who did not achieve the defined target
criteria in the areas of physical activity or nutrition were asked
whether they had thought about changing their behavior
(contemplation) and, if so, whether they had already planned
to do so in any specific way (planning). Depending on their
answers, patients were then categorized into the phases of
precontemplation, contemplation, or planning. Patients who
were already performing the target behavior were asked whether
they had been doing so for a short time (action) or for a longer
period (maintenance). On the basis of their answers, the patients
were classified into the phases of action or maintenance.

Technology Commitment
In addition, the patients’ technology commitment was assessed
using a questionnaire developed by Neyer et al [42]. In this
questionnaire, technology commitment was measured using a

5-point Likert scale with 12 items. The items covered statements
about personal contact, interest, and the use of technologies in
general [42].

Usability Task
The test procedure was explained in detail, and the contents and
navigation options were shown in advance. Before testing the
usability task, the patients were told that the aim of the study
was not to test their abilities, but the quality and usability of the
e-coach [43]. Moreover, the patients were able to choose
whether they wanted to be interviewed about content from one
main topic only (nutrition or mobility) or about both topics. The
status of development and the general structure of the mock-ups
from the 2 areas were identical, but the content differed on
account of topics. All elements that could be used by patients
in the final e-coach were tested; however, not every screen was
tested, instead, a transferability of findings was assumed.

Testing also took place in the patient’s room at the rehabilitation
center. During the test, the examiner (LH or MS) and the
participant sat at a table. The tablet with the app could be placed
on the integrated stand of the device, placed on the table, held
in the hand, or laid down by the participant. The examiner read
the tasks to the participant and then observed the participant.

Usability tasks in three different domains were defined and used
for each iterative testing period: navigation, comprehension,
and design. Navigation tasks were used to determine whether
users were able to find their way through the e-coach and use
the buttons correctly. In the case of quizzes, we tested whether
the screens were structured such that they could be used
successfully by the participants. On quiz screens, the question
was highlighted at the top of the screen (eg, What is the
recommended minimum number of small portions of dairy
products to eat per day?) and below it, two to three answer
options were shown (eg, You should eat at least two servings
of dairy products per day and You should eat at least four
servings of dairy products a day) along with a prompt (press
the correct answer). Comprehension tasks were intended to test
whether screen content and information were correctly
interpreted and understood. The aim of the design questions
was to identify visual barriers such as a font that was too small
or an acoustic problem, such as an extremely fast rate of speech
in videos. An example of questions and tasks is shown in Table
1 and Multimedia Appendices 1 and 2.
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Table 1. Task types in the different iterative testing phases as the total number of tasks and percentages per iterative testing phase.

Comprehension
question, T3, n (%)

Comprehension
question, T2, n (%)

Comprehension
question, T1, n (%)

Navigation task,

T3c, n (%)

Navigation task,

T2b, n (%)

Navigation task,

T1a, n (%)

Task type

N/AN/AN/AdNavigation

3 (30)5 (24)16 (57)Next screen (1 screen)

4 (40)5 (24)4 (14)Further screen (≥2 screens)

2 (20)5 (24)5 (18)Use of back button

0 (0)2 (10)2 (7)Use of different tabs (text
elements)

1 (10)3 (14)0 (0)Use of the help button

0 (0)0 (0)1 (4)Use of quizzes

0 (0)1 (5)0 (0)Use of the exercise diary

N/AN/AN/AComprehension

1 (25)2 (20)5 (28)Purpose of the screen

1 (25)0 (0)3 (17)Foresight of content

0 (0)0 (0)1 (6)Nutrition diary

2 (50)8 (80)7 (39)Interpretation of content

0 (0)0 (0)2 (11)Understanding of quizzes

aT1: iterative phase 1.
bT2: iterative phase 2.
cT3: iterative phase 3.
dN/A: not applicable.

Evaluation of Usability
The results from the usability tasks were reported in three
different categories (success rate, number of hints, and content
of hints) to evaluate usability problems in more detail. The
performance of the particular task was evaluated in the
categories of successful and unsuccessful. Furthermore, the
content of the hints given and the number of hints given were
recorded.

For the usability test, patients were instructed to simultaneously
speak their thoughts aloud while performing the tasks. The
concurrent think-aloud method was intended to immediately
identify and specify problems for older adults using the e-coach
[44]. Attention was paid not to interrupt patients while they
were still thinking or looking for an answer. However, if the
participant said that they were stuck or if they were obviously
having difficulties, (eg, the participant looked around for help
for a longer period or became increasingly nervous) a hint was
given. These hints mostly consisted of a slight rephrasing of
the question or a request to the participant to read through the
contents of the screen again. If a hint had to be given, this was
noted for the relevant task, and the number of times hints were
given was counted.

The tasks in the test sequence were always carried out in the
same order, but patients had the option of skipping tasks at any
time or stopping the usability test. The tests and verbal feedback
during the tasks were recorded by taking notes.

After the usability test, patients were finally interviewed using
the SUS. The questionnaire contained 10 statements about the
usability of a system rated on a 5-point Likert scale. The values
of individual items were added together and then multiplied by
2.5, resulting in a score between 0 and 100. The results provided
a general overview of product usability [27].

Iterative Process
A total of 3 iterative test phases were used. Before each test
phase, we refined the content, design, and potential functionality
of the elements. The first test phase mainly tested the basic
functionality of the chosen navigation structure with the target
group, with simpler tasks such as finding the next page; in
phases 2 and 3, we increased the number of navigation steps
required in some tasks and tested other functions such as the
use of the help button. To minimize the contact time and number
of contacts with the study team in the context of the increasing
incidence of COVID-19 in our region in Germany, it was
decided to test the optimized elements and new content in the
nutrition section only after completion of the second iterative
test phase. As no further problems were found concerning the
exercise part, but some were found concerning navigation from
screens or the interpretation of nutritional diagrams, the last
iterative phase focused on the questions from the nutrition part.
Figure 2 shows an example of screenshots from version 1 to
the final version. Multimedia Appendices 1 and 2 show click
routes from the areas of nutrition and exercise, respectively.
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Figure 2. German original version of screens from the 3 iterative test phases. Explanations and translations of changed elements based on the results
of the test phase are shown in the text boxes.

Data Analysis
Statistical analyses were performed using the software SPSS
(version 27.0; SPSS Inc).

Participants’characteristics, success rates of the tasks, and SUS
scores were analyzed using descriptive statistics; they were
presented as frequencies, means, SDs, and percentages.

The hints given during the usability test were presented as the
total number of hints required for this task type in the iterative
phase. The total number of unsolved tasks and percentages of
unsolved tasks for all participants that performed this task type
in the iterative phase were also reported.

The notes from the concurrent thinking aloud during the
usability test were used to derive aspects that the participants

noticed during the test. These aspects were discussed by the
study team (LH and MS) to identify specific problems in the
tasks and to derive possibilities for optimization.

An explorative ANOVA was conducted to compare the SUS
scores among the 3 iterative test phases. The robust Welch F
test was used if the assumption of homogeneity of variances
was violated or if the data were not normally distributed.

The group was divided into 2 equally sized subgroups to test
for group differences in successful task completion. Half of the
participants who performed the tasks better were compared with
the other half. The variables of age, sex, BMI, MNA-SF
classification, technology affinity, TTM phase nutrition, TTM
phase mobility, and SUS score were tested for group differences.
The explorative analysis was performed using the
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Mann–Whitney U test for ordinal and not normally distributed
variables, and the chi-square test was performed for nominal
variables. Statistical significance was set at P<.05, for all
explorative analyses.

Results

Characteristics of Participants
A total of 49 patients who were aged 66-94 years (24/49, 49%
female; mean 77.8, SD 6.2 years) participated in the study.
Patient characteristics per iterative test phase are presented in
Table 2. An example of screens and changed elements based
on the results of the iterative test phases are shown in Figure 2.

Table 2. Overview of participants’ characteristics within each iterative test phase (N=49).

Iterative phase 3aIterative phase 2Iterative phase 1Characteristics

NutritionMobilityNutritionMobilityNutrition

Participantsb

1213131215Total, n

5 (42)5 (39)9 (69)6 (50)8 (53)Female, n (%)

27.6 (4.3)26.6 (4.6)27.6 (5.8)26.6 (5.6)26.3 (4.4)BMI (kg/m2), mean (SD)

76.8 (5.2)76.3 (6.8)78.5 (7.3)78.4 (5.5)79.1 (6.8)Age (years), mean (SD)

TTMcphase, n (%)

3 (25)0 (0)4 (31)1 (8)3 (20)Precontemplation

2 (17)5 (39)3 (23)5 (42)2 (13)Contemplation

5 (42)4 (31)1 (8)3 (25)4 (27)Planning

0 (0)1 (8)2 (15)1 (8)0 (0)Action

2 (17)3 (23)3 (23)2 (17)6 (40)Maintenance

TCd, mean (SD)

39.4 (11.9)43.7 (6.9)38.7 (11.4)39.3 (13.4)36.6 (11.3)Total score (12-60 points)

3.3 (1.0)3.7 (0.6)3.3 (1.1)3.4 (1.6)3.1 (1.0)Pointse

aOnly tests in the nutrition section were performed to keep contact times and numbers low in the context of increasing COVID-19 incidence in the
region.
bDifferent sample sizes within nutrition and mobility owing to the patient’s choice option to participate only in one main theme or in both main themes.
cTTM: transtheoretical model of behavior change.
dTC: technology commitment (Neyer et al [42]).
eAverage Likert scale points per item.

Navigation tasks required fewer hints (14.1%-26.5%) per task
than comprehension tasks (20%-30.5%) in all iterative test
phases (Table 3). The percentage of tasks that participants were
unable to successfully complete was 0% for the navigation tasks
in iterative test phase 1; 15.2% in iterative test phase 2; and
4.3% in iterative test phase 3. For the comprehension tasks,

participants were unable to complete 1.9% of the total tasks in
iterative test phase 1; 0% of the tasks in iterative test phase 2;
and 2.5% of the tasks in iterative test phase 3 despite receiving
hints. An overview of the tasks that could partially not be solved
and the respective optimizations is provided in Multimedia
Appendix 3.
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Table 3. Participants’ performance in the different navigation and comprehension tasks in the iterative test phases.

Iterative phase 3Iterative phase 2Iterative phase 1Tasks

Fail, n
(%)

Hints, n
(%)

Total tasks,
N

Fail, n (%)Hints, n
(%)

Total tasks,
N

Failc, n
(%)

Hintsb, n
(%)

Total tasksa,
N

4 (4)16 (17)9331 (15)54 (27)2040 (0)25 (14)177Navigation (total tasks)

1 (4)4 (14)298 (16)10 (20)490 (0)15 (14)105Next screen (1 screen)

3 (8)8 (22)3710 (19)20 (37)540 (0)3 (14)21Further screen (≥2
screens)

0 (0)1 (6)186 (11)10 (18)550 (0)6 (19)32Use of back button

0 (0)0 (0)02 (22)2 (22)90 (0)1 (8)12Use of tab layout (text
elements)

1 (11)3 (33)95 (18)10 (36)280 (0)0 (0)0Use of the help button

0 (0)0 (0)00 (0)0 (0)00 (0)0 (0)7Use of quizzes

0 (0)0 (0)01 (11)2 (22)90 (0)0 (0)0Use of exercise diary

1 (3)8 (20)400 (0)16 (22)742 (2)32 (31)105Comprehension (total tasks)

0 (0)1 (11)90 (0)5 (19)260 (0)11 (33)33Purpose of screen

0 (0)2 (17)120 (0)0 (0)00 (0)6 (40)15Foresight of content

0 (0)0 (0)00 (0)0 (0)02 (25)6 (75)8Nutrition diary

1 (5)5 (26)190 (0)11 (15)720 (0)7 (18)38Interpretation of content

0 (0)0 (0)00 (0)0 (0)00 (0)2 (19)11Comprehension of
quizzes

aTotal number of tasks performed by all participants per iterative phase.
bSummed up the number and percentage of required hints for all participants for this task type in the iterative phase.
cTotal number and percentage of unsolved tasks in all participants who performed this task type in the iterative phase.

Most participants understood how to use the buttons correctly.
In 86.9% of all tests, participants consistently selected the arrow
button for navigation to the next screen as intended. When
navigating back to previous screens, this was done completely
correctly in 84.7% of all tasks.

Many participants were able to successfully interpret the active
input options such as the drinking protocol (11/15, 73%), the
diagram of consumed food groups (9/10, 90%), and the exercise
diary (7/8, 88%).

Some participants had difficulties in interpreting the content
they would expect to find based on the names of the modules
or the themes. The contents that needed to be optimized are
shown in Table 4.

Many design elements on the overview screens and the
educational features were rated positively by older adults. For
educational content with texts, the font sizes, readability, and
length of the text were positively rated in almost all
corresponding tasks (92.3%).

Moreover, more than half of the participants (25/49, 51%) were
able to successfully solve more than 90% of the tasks.
Exploratory analysis of group differences suggested that those
who solved more than 90% of the tasks had significantly higher
technology affinity (P=.02). The participants who were able to
solve more than 90% of the tasks also rated the e-coach
significantly better with the SUS score (P=.04).
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Table 4. Content and structures optimized following iterative testing with participants.

AdaptationsDomain

Navigation • On the main overview screens for the nutrition and mobility modules, details on the content of modules
were added.

• Checkboxes for the confirmation of exercise execution and the labeling of the elements were enlarged.
• For screens that guide different topics in a module, a question or more guidance about the content was

added in addition to the title (eg, increasing activity: How can I become more active in everyday life?).

Comprehension • Keywords were supplemented with further information (eg, nutrition was changed to nutrition topics).
• The wording macronutrients was changed to nutrients.
• An instruction for the action was added below the screen heading (eg, “Please select one of the following

topics to get more information.”).
• Information for food groups was added (2/5 was changed to 2 of 5 servings).

Design • The symbols for nutrients (the molecule symbol was changed to a magnifying glass), interesting information
(the light bulb was changed to a book with light bulb on it), and the nutrition diary (the booklet was changed
to a book) were replaced.

• Photographs for text elements were exchanged for symbols or drawings.
• Exercise photos were used instead of exercise drawings; a white background was added to the exercise

photos.
• Any other elements besides diagrams were removed from the evaluation screens.
• Feedback on reaching the training goal using flowers instead of stars was added (flowers contain additional

information about the number of exercises performed).

Evaluation of the SUS
The evaluation of the SUS showed a continuous improvement
in the usability of the e-coach (Table 5).

Because the normality assumptions of the ANOVA were
violated, a 1-way Welch-ANOVA was performed to determine
whether the SUS score was significantly different among the
test phases. The improvement in the SUS score was not
statistically significant among the 3 test phases (Welch
F2,46=1.79; P=.19).

Table 5. System Usability Scale (SUS) score for each iterative test phase.

ValuesPhase

Median (IQR)Mean (SD; range)n (%)

65.0 (57.5-83.8)69.3 (16.3; 42.5-97.5)21 (43)Iterative phase 1

77.5 (60.0-84.4)70.3 (18.7; 20.0-95.0)16 (33)Iterative phase 2

82.5 (70.6-86.9)78.1 (11.8; 50.0-92.5)12 (25)Iterative phase 3

Discussion

Principal Findings
We showed that it is possible to conduct iterative test phases
and improve the usability of a health app, even for older adults
with health restrictions who are undergoing inpatient
rehabilitation. After 3 iterative test phases, the average SUS
increased from 69.3 (SD 16.3; median 65) to 78.1 (SD 11.8;
median 82.5), indicating good usability of the e-coach and is
comparable with the SUS results on eHealth application use in
other studies with older adults [45-47]. More hints were required
to answer comprehension questions (20%-30.5%) than to solve
navigation tasks (14.1%-26.5%) during testing. With minor
support from the study team, by hints, it was almost always
possible for participants to solve the tasks or questions. Overall,
only 5.5% of all tasks in all tests could not be successfully
completed. These results show that even participants who had
greater difficulties using the e-coach were able to solve most
tasks with minor support.

Comparing the completion of tasks among the 3 iterations, it is
noticeable that in the first iterative test phase, hints were needed,
especially for comprehension questions (30.5%), and a few
tasks were not fulfilled by all participants in this test (1.9%). In
this iterative phase, hints were often needed for comprehension
questions, such as what can be done on certain screens and also
concerning the interpretation of what was meant by certain titles
(eg, an overview of the recommended amount of physical
activity). These difficulties were solved by adding more
information to the descriptive texts and partly by changing the
wording of individual terms.

In the second iterative test phase, the proportion of required
hints in the navigation tasks (26.5%) increased noticeably
compared with the first iterative test phase (14.1%), and 15.2%
of all navigation tasks could not be solved by the participants
in the second iterative test phase. In the first iterative test phase,
many navigation tasks included easier functions, such as
navigation to the next screen, and only a few tasks with more
complex navigation steps. In contrast, in the second iterative
test phase, more complex tasks were added, requiring, for
example, 2 navigation steps, and the proportion of simpler
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navigation tasks decreased accordingly (Table 1). It seems
possible that the increase in the complexity of the navigation
tasks explains the increase in the number of hints required, as
well as the increase in the proportion of navigation tasks that
could not be solved. However, we did not perform any
corresponding measurements that would allow conclusions to
be drawn about the participants’ working memory capacity, as
this was not part of our study.

In the third iterative test phase, hints were also required more
often for navigation tasks that required several navigation steps.
Although there were some tasks in the last iteration phase that
required more than one navigation step, only 17% (2/12) of all
participants needed help with all navigation tasks, and 4.3% of
all navigation tasks in the third iterative test phase were not
successfully completed. However, in the comprehension tasks,
the need for hints was almost similar in the last iterative phase
(20%) compared with the second iterative phase (21.6%), but
more tasks could not be solved (2.5%) than in the second
iterative phase. Compared with the first iterative test phase,
almost all participants (10/12, 83%) in the last iterative test
phase were able to derive the following content from the labeling
of the modules. In addition, the question about what can be done
on the overview screens was also answered correctly by all
participants. Nevertheless, some participants found it difficult
to interpret diagrams, meaning that they required hints, and one
participant was unable to solve the task.

Other aspects should be considered as possible reasons for the
different performance in the tasks, in addition to the increase
in complexity. There were fewer tasks and fewer participants
in the third iterative test phase because increasing COVID-19
case numbers forced us to reduce contact times with the
participants. In addition, all the comprehension questions that
could not be answered successfully in the last test were questions
about protein and energy intake shown in a diagram. This topic
could be difficult for people with little existing knowledge of
the subject.

Furthermore, in our exploratory analysis of group differences
between half of the participants who solved more than 90% of
the tasks correctly and those who solved less than 90% of the
tasks correctly, we found indications that those who solved
more than 90% of the tasks correctly had a significantly higher
affinity for technology (P=.02). A significant correlation
between the use of health apps by older people and a higher
affinity for technology has also been found in other studies
[9,48]. Moreover, a stronger interest in technology appears to
have a significant influence on the use of information and
communication technologies even among people aged >80 years
[49]. To estimate how well older adults can cope with a health
app or whether more support might be needed, technology
affinity could be surveyed beforehand and used as an indicator
of the need for support. Different variables such as education
level, sex, and computer literacy did not significantly influence
the use of health apps in the study by Rasche et al [9]. Age
differed significantly among groups. Individuals who reported
using health apps were significantly younger than those who
did not use health apps. In contrast, Schlomann et al [49] also
found no significant influence of the variable age among older
adults who already used mobile devices (smartphones, tablets,

fitness trackers, or smartwatches). In our study, individuals who
correctly solved more than 90% of the tasks were younger (mean
76.0, SD 4.3 years) than those who correctly solved less than
90% of the tasks (mean 79.7, SD 7.4 years) but this difference
was not statistically significant (P=.09).

Technology commitment in our study population was at a
median of 3.5 (SD 0.6) points in the group of participants who
correctly solved more than 90% of the tasks and at a median of
3.0 (0.6) in the group of people who correctly solved less than
90% of the tasks. This value seems to correspond approximately
to the technology readiness of people in this age group in
Germany. Rasche et al [9] found comparable values among
older people who reported no app use (mean 2.9, SD 0.6 points)
or app use but no health app use (mean 3.4, SD 0.6 points).

To increase the usability of e-coaches in health care, as well as
for less technically inclined older persons, detailed instructions
on how to use the e-coach could be applied. Older people seem
to have greater benefits from step-by-step instructions when
learning to use new technologies. To address this problem in a
real-world setting in terms of use of the e-coach by older adults,
guidance (eg, in the form of a printed manual) should be
additionally offered [50]. Furthermore, it was helpful for
participants if the screens contained additional information, for
example, what should be done on the screen or what content
and information they would receive if they selected certain
modules. The screens were not rated as overly cluttered despite
additional information. This may be an important fact for other
researchers developing apps for multi-morbid older adults in
rehabilitation facilities, who have rarely been involved in app
development to this extent. Although studies on eHealth
interventions are already being conducted in the context of
geriatric rehabilitation, apps have only been considered as a
form of intervention in a few studies to date, and many
applications relate to specific clinical conditions, particularly
in the neurological field [14]. In older adults with limited
mobility and after hip fractures, positive effects on mobility,
functional outcomes, and hospitalization could be achieved
through telerehabilitation interventions with an app [16] or via
web sites [15,51]. However, these applications do not focus on
educating participants but rather on teaching exercises. People
who have not yet reached this phase in their behavioral change
process may therefore benefit less from these tools. Furthermore,
it is possible to use apps to conduct relevant assessments for
older people with multiple morbidities with regard to fall risk
[46] and mobility [47]. The usability of these assessment apps
was investigated in older people and achieved SUS scores of
77.9 and 77.6, comparable with the score gained by our e-coach.
In general, there are already different apps in the rehabilitation
context for postoperative care after certain surgical interventions
[52] or for improving self-management of hypertension or for
medication planning. In these studies, however, it became clear
that apps from the app store often lacked an evidence-based
background, usability for older people is poor, and there is also
a lack of data security [53,54]. In the field of nutrition apps, no
studies involving participants aged >70 years have been found
in a review from 2019 [18].

The data on the TTM phases of the participants demonstrate
that geriatric patients in rehabilitation are at different phases of
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the behavioral change process. In the iterative tests with nutrition
content as well as with physical activity content, the proportion
of participants in the first 2 phases of TTM (precontemplation
and contemplation) and the remaining phases (preparation,
action, and maintenance) was quite balanced. As such, the
readiness and implementation of behavior change in the areas
of nutrition and physical activity appear to be heterogeneous
among the target group, requiring the use of different strategies
in the e-coach to support behavior changes. No indications of
significant group differences between the half of the participants
who were able to solve more than 90% of their tasks and those
who were able to solve less than 90% of the tasks were found
for the TTM phase distribution in the area of nutrition. For the
TTM phase in the physical activity domain, no testing for group
differences was conducted because of the small sample size
resulting from missing data from the last iterative test. A
correlation between certain phases of behavior change and the
ability to successfully solve tasks could be explained only to a
limited extent. In the case of tasks for operating the app, such
as finding specific screens or using buttons, personal readiness
to change one’s nutritional or physical activity behavior should
have little influence. It could be possible that the interpretation
of specific content with terms such as protein or foodgroup is
more difficult for people with less existing knowledge. However,
even someone without existing technical knowledge may have
already achieved the nutrition and physical activity goals we
used. Therefore, it is not practical to draw conclusions from the
behavior change phase alone about the ability to use or the
general understanding of the app based on our results.

When developing the e-coach, design recommendations for the
target group [29,30] were considered in advance. The button
labels and the texts on the navigation screens were phrased
without technical terms to make them usable even for novice
technology users. This, as well as the chosen high contrasts of
the different contents and texts, was maintained throughout the
development process. In some cases, the minimum size of the
arrow buttons was exceeded, but based on the feedback from
our tests, this did not represent a barrier for the patients.

In a few tests, it was noticed that a user wanted to select the
correct button, but the pressure on the button was not recognized
by the device. Besides a possible malfunction of the touchscreen,
there are 2 points that have been described in further studies
[30,55] and are also found in our study; these should also be
considered with regard to other apps for this target group. One
possible cause of failure could be the contact between the test
person’s finger and the touchscreen. In addition, the conductivity
of the skin decreases with age, but we also observed that some
participants typed using their fingernails rather than their
fingertips. To improve usability, older participants could
alternatively be offered to operate the device with a stylus [30].
As a second possible source of error, we observed the button
being pressed for a very long time or the finger already being
positioned outside the button on the touchscreen and then moved
toward the button. When training users, the use of buttons should
be explained in more detail and practiced. Furthermore, feedback
(haptic, auditory, or visual) could improve usability [30];
however, this additional function was not used in this study.

Limitations
It is likely that more people who already had a general interest
in nutrition, physical activity, or technology participated in the
study. Therefore, a selection bias cannot be ruled out even if at
least the measured technology commitment also corresponds
to the figures from another study with older people in Germany
with varying degrees of experience in the use of technology [9].
In addition, study participation was not dependent on specific
criteria related to mobility limitation or malnutrition. In a recent
review with meta-analysis on nutritional status and physical
functionality of geriatric patients in rehabilitation, it was
demonstrated that a large proportion of persons in geriatric
rehabilitation are affected by malnutrition and mobility
restrictions [3]. The results of our tests also confirmed this
finding for the participants of this study. Malnutrition was
present in 27% (13/49) of the participants, and the risk of
malnutrition was present in 51% (25/49) of the participants, as
measured by the MNA-SF. The PASE score was 46.2, which
is significantly lower than the average score of
community-dwelling older adults reported by Washburn et al
[56].

Data collection was conducted by study team members who
were involved in the development of the e-coach. An uninvolved
person would have had to conduct usability tests to increase the
objectivity of these tests. This was not possible because of the
financial resources of the project.

Moreover, the test situation itself may have biased the results.
On the one hand, it is likely that older adults were more nervous
and made more mistakes than if they had used the e-coach
unobserved. On the other hand, the possibility of receiving hints
and help from the examiner could also have led to a situation
in which help was requested more quickly and, if necessary,
tasks would have been solved after some time without the help
of the study team member. In addition, it cannot be ruled out
that unintentional nonverbal responses were given by the study
team (eg, nodding) that were not recorded in the documentation.

In the context of this study, the time spent on the task was not
determined. The time it takes a participant to complete a task
can be an indicator of usability, as quick performance can also
indicate ease of use. However, there is also evidence from a
study by Sonderegger et al [57] that the time to complete a task
is less related to perceived usability in older people than in
younger people. We decided not to measure the time during
tasks so as not to create additional pressure in the already
unfamiliar test situation and because time-critical aspects
presumably tend to play a minor role in the use by our target
group.

This study only evaluated whether e-coach elements are
generally usable for older adults. It provides an indication of
the e-coach’s usability for first-time users but not for a longer
period of use.

Conclusions
This study involved older people undergoing inpatient
rehabilitation in iterative optimization and usability testing for
an e-coach according to the German International Organization
for Standardization 9241-210:2019 Ergonomics of
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human–system interaction—Part 210: Human-centered design
of interactive systems [24] and the user-centered design process
[23]. It has been shown that this approach can be successfully
applied to this vulnerable and low technologically skilled target
group. The involvement of the target group was very important
in developing a program that older people could rely on that is
oriented to their needs, that is based on a psychological model
for long-term behavior change, and that can also be used by
them. When an app addresses important health issues (eg,
malnutrition and inactivity), it seems particularly important to
consider known barriers such as a lack of confidence in the app,

low usability, or even users’ low existing technical experience
and to offer evidence-based support [9].

As the target group is particularly vulnerable, and an individual’s
willingness to continuously use the e-coach may impose an
additional burden on them, it is essential to evaluate the
acceptance, willingness, and adherence for long-term use of the
system in a further study. Previous studies have shown that it
can be very difficult to recruit patients for such long-term use
of technical devices in this target group, and that good usability,
as well as subjective benefits for patients, must necessarily be
present [58].
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