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Abstract: This co-creation study aimed to develop a smartphone self-test application for balance
and leg strength in collaboration between older adults and the research team. The paper describes
older participants’ preferences for, and their contribution to, the application design. Technology to
assess movements is available in smartphones with built-in sensors, and one of the challenges is
to develop a valuable self-test for older adults. The participants contributed to the design of the
application’s instructions and user interface. Multiple data collection methods were used: user-test
with Think aloud method, mock-ups, homework assignment as co-researcher, audio and video
recordings. Qualitative content analysis with a deductive-inductive approach was used, guided by
the Optimized Honeycomb model for user experience (UX) as a categorization matrix. The analysis
resulted in 17 subcategories within the seven facets of the UX Honeycomb model (findable, accessible,
usable, desirable, credible, useful, and valuable), and describes the older participants’ preferences
and experiences. The main results were participants’ desire to know why, to get clear and appropriate
information, and expectations of the self-test to be useful. It was feasible and valuable to develop the
self-test application in co-creation with the intended user-group, in order to get direct feedback and
suggestions for the development.

Keywords: aged; mHealth; mobile application; self-assessment; community-based participatory
research; muscle strength; postural balance; qualitative research; accidental falls; UX
Honeycomb model

1. Introduction

The aging population is increasing rapidly, with the number of people over 60 years old estimated
to reach two billion in 2050 [1]. With higher age the risk of accidental falls also increases, which is a
major problem around the world [2]. The greatest number of fatal falls occurs in people 65 years and
older [2], and strength, balance and gait impairments are risk factors for falling [3]. Consequently, new
strategies are needed to prevent falls, both within and outside the healthcare system. Various health
technologies can be used as important strategies in health promotion and prevention. A review study
about the use of smartphones in health promotion included six studies regarding fall prevention or fall
detection, already in 2013 [4].

In fall prevention, the use of smartphone applications offers promising tools to assess, monitor,
and support exercise to strengthen physical functions such as balance. This is in line with the growing
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use of mobile technology, now also among older adults. Recent statistics from the 28 European union
countries, show that 52% of individuals aged 55–74 years use mobile devices to access the internet
away from work or home [5]. This has doubled during the last five years for this age group. In Sweden,
data from a population survey about internet use presents that 72% in the age group ≥76 years used a
smartphone to access the internet and 51% reported doing so daily, while the younger seniors, 66–75
years old, 88% access the internet with a smartphone, and 73% reported daily use [6].

Thus, the use of technology is opening up new opportunities for health promotion [7,8]. A state
of the art review depicted the area of fall prevention intervention technologies, reporting about the
use of smartphones to enable older adults to self-assess and self-manage fall prevention [9]. Research
on fall prevention applications is increasing and examples of such applications are the exercise
interventions ActiveLifestyle [10] and Standing Tall [11]. Nevertheless, fall prevention assessment
by using smartphone technology, is still a novel field. A systematic review outlined a promising
potential for using smartphones in balance and fall risk assessments, but further research is needed
as many of the applications studied infrequently reported data for validity and/or reliability [12].
Moreover, research on self-assessment using smartphone technology is particularly scarce. Regarding
self-assessment applications, positive experiences have been reported among older adults in two
user-test studies of fall risk assessment [13,14]. Yet, none of the applications consolidated the
self-assessment with sensor measurements from the smartphone. In both studies the self-assessment
was based on a balance test categorized as pass or fail by the individual, in combination with
questions about, for example, their balance confidence and previous falls. Although portable motion
sensors have previously been used to detect human movements, and to successfully measure both
balance and leg strength in various studies [12,15,16], sensors have not yet been evaluated for self-test
applications. Self-assessments with portable sensors could potentially give older adults an option to
assess balance and strength at home, without interaction with health care professionals [16]. Taken
together, the expansive use of smartphones opens up the possibilities to create suitable self-test
applications for older adults.

User Experience and Co-Creation in Application Design

For application design, user experience (UX) is essential. UX has been described as the user’s
subjective, situated, complex, and dynamic experience [17]. UX is a combination of aspects of
experience, e.g., emotions and desires that goes beyond the more traditional human computer
interaction’s instrumental aspect of applications [17]. The UX Honeycomb model by Morville, with its
seven facets of usability: useful, usable, desirable, findable, accessible, credible and valuable, is utilized
to provide UX perspective in application design [18]. This model is frequently used in applied
design work [19]. However, the UX Honeycomb model is sparsely used in scientific research. Some
examples from evaluations of different medical related applications have been found, where the UX
Honeycomb model was used to analyze UX in relation to their developments of applications or decision
supports [20–23]. Several modifications have been made to the original UX Honeycomb model and
one reorganization (the Optimized Honeycomb model) was made to illustrate the practical aspects of
the model, introducing how users interact with a product by thinking, feeling, and using it [24].

When developing a self-test application it is essential to accommodate for the older adult user,
since this age group may have certain additional requirements. However, the user experience
still needs to be part of the development. Some previous research of user-tests with older adults,
have created different guidelines on how to improve usability and acceptance among older users [25–27].
These guidelines describe various aspects from structure of content and how navigable the application
is, to factors influencing acceptance of technology. Recommendations from guidelines nevertheless
must be tailored to each specific product and might be enhanced by involving the older adult in the
development process. When designing an application it is important to find out the needs of the older
adults, to facilitate its use. The end-users’ understanding of a self-test is fundamental, especially the
design of self-test applications since the correct handling of the test is crucial.
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Co-creation is one way to facilitate correct use and bridge the gap between developers and
end-users. The terminology co-creation, co-design, or participatory design, all correspond to a process
where the end-user is engaged in the development or design of a product. Both co-creation [28] and
participatory design [29] deal with the mutual learning and mixed roles of designer and user when
working together in a creative way [28,29]. The co-creation collaborative knowledge is described as a
useful link between researchers and the community to gain research impact [30]. To obtain a positive
outcome, planning and conduction of the co-creation is vital. Some key principles for co-creation
in public health interventions have been reported to include framing the aim, careful sampling,
manifesting ownership, defining the procedure, and structured evaluation and reporting [31].

To our knowledge no study has published results from a self-test with sensor measurements using
smartphone technology to self-assess balance and leg strength in older adults. It is desirable for a
self-test to be easy to use, to ensure that the instructions can be followed and to be safe at the same
time. The aim of this co-creation study was to, according to the Optimized Honeycomb model for user
experience, describe the older adult participants’ preferences for, and their contribution to, the design
of the instructions and user interface of a smartphone self-test for balance and leg strength. By using
co-creation, we expect that the UX could be reinforced and also give an opportunity for user-tests
during the development.

2. Materials and Methods

2.1. Study Design

An interdisciplinary research team conducted this qualitative co-creation study in collaboration
with 10 older adults (≥70 years) who, in the design process, represented intended end-users of the
evolving mobile application MyBalance. The study had an iterative design process, which is often
used in software development and informatics. The iterative process builds on cyclic work with
prototypes, using continuous evaluations and improvements [32]. We define our co-creation process
as an interaction with participants during sessions where prototypes were elaborated on. Suggestions
from each session led to developments of the application’s user interface and instructions, which were
further processed at the subsequent session. Before the co-creation sessions commenced a plan for the
five sessions was outlined. The outline was revised after each session due to the co-creation process,
depending upon the issues that were brought up. Furthermore, an early prototype of the content
(e.g., the videos instructions and interface) was made, in order to have some material to work with
from the beginning.

2.2. Participants

A purposeful sample of older adults, a mix of men and women, with experience of participating
in an earlier fall prevention exercise study was recruited [33]. We aimed to involve participants who,
in the previous study had openly shared their opinions, this to obtain candid suggestions during the
design process. Some previous experience of using either a computer, tablet, or smartphone was also
required. A shortlist of 15 individuals was made and they were contacted by e-mail, with the goal
of reaching a suitable group size of 10–12 participants. For user-tests, five people are considered to
be sufficient to reveal the majority of usability problems [34]. However, we included a larger group
so as to acquire a variety of feedback during the sessions, and to cover for potential non-attendance.
Twelve people showed interest, but two revoked participation before co-creation sessions commenced
due to time-constraints. Six women and four men, with the mean age 76 ± 3 years, formed the group.
Attendance at the sessions varied, two participants attended all sessions and three others attended
only two sessions. Due to illness and family issues, two participants had to cancel their attendance for
the two final sessions.

The interdisciplinary research team for the application development consisted of two engineers
and three physiotherapists, whereas only the physiotherapists took part in the sessions. Three of
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the authors (LM, MS, MW) are physiotherapy researchers and were involved in the planning and
realization of the sessions. Two participated in all sessions (LM, MS) where their role varied between
facilitator and observer during the session, one participated partly in three of the sessions (MW),
and one additional physiotherapist (also senior researcher) attended during one practical workshop
for user-tests.

2.3. Prototype

A smartphone application with two different test procedures, was predefined by the research
team. The self-test included a three times sit-to-stand test (functional leg strength test) and a 30 s static
standing balance test with two different foot positions. During the test procedure the smartphone was
placed on the lower back, achieved by tying it around the waist with a scarf or other material available
to the individual in their home. The idea was to provide short videos with the information on how to
perform the self-test and how to use the application. At the first session, so as to have some material
to start with, version 1 of the test instruction videos was prepared, as well as an early prototype of
the application for the sensor measurements. Parallel inhouse development of the mobile application
and algorithms was done by the research team using Android Studio and a Sony Xperia smartphone.
Measurement data from a built-in gyroscope and accelerometers was used in the application.

2.4. Data Collection during Co-Creation Process

The design process is illustrated in Figure 1 with an overview of the five co-creation sessions
throughout 11 months. Various procedures were used to collect data on participants’ preferences
and suggestions for the design: practical workshop sessions, user-tests, and group discussions.
Every session concluded with a whole group discussion to summarize the thoughts and considerations
from smaller group practical workshop sessions. Multiple data collection methods were applied,
further explained below.
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Figure 1. An overview of the design process with tasks from the five co-creation sessions, containing
information about each session with number of participants.

Session 1 included a short introduction of the project MyBalance and a presentation of the
participants, as it was vital for the group dynamics for them to know each other when sharing opinions
and ideas during the sessions. The main task of the session was to watch video instructions (v1) on an
iPad and try out the two tests (sit-to-stand and standing balance in two positions) in three smaller
groups. Each group was given a guide with questions to facilitate the exploration. The practical
workshop was done in groups and LM and MS moved between groups to listen in to the conversations
and observed how they handled the tasks. In addition, the groups were video recorded. Audio
recordings were made both in the small group sessions and in the whole group discussion.

At Session 2 the main task was to navigate a PC mock-up prototype (a PowerPoint model used
for showing features of the application) to try the video instructions (v2) in pairs. Both the ability to
navigate the MyBalance app and the performance of the tests were observed. The participants’ role
was to perform the test or be an active observer; the roles switched after the first test. The researchers’
role was to be a facilitator at the practical workshop, and to video record the user-test. The researcher
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followed a script in order to give equal instructions in all groups. At Sessions 2 and 3, during user-tests,
the Think aloud method [35] was applied. The Think aloud method encourages participants to talk
out loud while performing tasks to express what comes into their minds, for example, what they are
looking at, or what they are thinking, doing, and feeling. This method gives the observer insight into
the participant’s reasoning and facilitates the design process. Audio recordings were made both in the
small group sessions and in the following whole group discussion.

Session 3 comprised three practical workshops with different tasks: (1) navigation of the
smartphone, with assignments to get familiar with the app, calibrate sensors, enter weight, and try
both tests, (2) dialogue about how results of the test performance could be presented in the app, and (3)
discussions about the interface with a paper mock-up. All groups did the user-test with the navigation
task and a further two groups had a dialogue about results. One group worked with the graphical
user interface (paper mock-up), where photographs were also used to document the result. Audio
recordings were made both in the small group sessions and in whole group discussions.

Before Session 4 the participants were given a homework task. The task was, as co-researcher
collect information by showing the test-instruction videos (v3) to a friend or family member not
previously involved in the design process, to find out if instructions were clear enough to perform the
self-test independently. Participants got access to the video via a link to a private YouTube channel,
and a written guide was supplied with instructions on how to conduct the observation, as well as
questions to discuss with the friend or family member. These questions were later used as a basis for
discussing the homework task within the whole group at Session 4. Further, the discussions from the
previous session on presentation of test results were followed up. Audio recordings were made.

Session 5 included a conversation about a new homework task regarding the overall introduction
video. This homework task had the same aim and was done under the same conditions, as the previous
one. Moreover, a member check was held to sum up the developments of the MyBalance app during
the co-creation process. Finally, video recorded user-tests with the final prototype were done, followed
by a short user experience questionnaire. The user-test was completed by three participants as one had
to leave the session earlier. Audio recordings were made.

2.5. Data Analysis

A deductive-inductive approach to qualitative content analysis [36–38] was used to analyze the
participants’ preferences for, and their contribution to, the design of the smartphone self-test. As a
categorization matrix, we used the Optimized Honeycomb model for user experience [24] (as described
below).

2.5.1. The Honeycomb Model

The deductive part of the qualitative content analysis was performed by using the Optimized
Honeycomb model by Karagianni [24]. The model was chosen due to its applicability to analyze the
user experience perspective during the design of the self-test application. Moreover, the original UX
Honeycomb model by Morville [18] is well known and often used in human–computer interaction [19].
Small amendments have been made to the original model in order to raise its practical use [24].
The facets were grouped into three parts, reasoning about how the user “Feel, Think and Use” the
product by making a connection between the seven facets. To facilitate comprehension of the Optimized
model, it was reorganized and color coded to visualize the relation between the facets [24]. In Figure 2,
Karagianni’s Optimized Honeycomb model is shown. In another re-design, the seven facets were
organized as a “UX Staircase” to simplify how the UX Honeycomb model could be followed step
by step [39]. We applied this staircase model for visualization of the results. The seven facets are
described below, with regard to the original description [18], and our definition in this study:
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Figure 2. The Optimized Honeycomb model by Karagianni, 2016, used as the categorization matrix for
the deductive analysis phase in this study. (Reprinted with permission from the creators).

Findable, navigable and easy to find information. In our study this is defined as information in the
application being easy to localize.

Accessible, manageable for people with disabilities or reduced function. In our study this is
recognized as the possibility to access information in the application regarding both physical and
cognitive function, as well as accessibility to the actual device, in this case a smartphone.

Usable, ability to be used. In our study this is defined as how information is perceived, the feeling
of being able to use the information given in the application and being able to perform the tests.

Desirable, features with an emotional engagement. In our study this is identified as the group’s
needs and interests, how the application could be something to talk about and something everyone
wants to use.

Credible, influence of elements for users’ trust and belief in the product. In our study this is defined
by the confidence in the application, if it feels safe to use, and if it is trustworthy.

Useful, to make innovative solutions that are beneficial. In our study this is identified as the
application as a whole must fulfil a need.

Valuable, deliver value or advance the mission. In our study we defined valuable as the sum of all
six categories surrounding it, offering value to the user.

2.5.2. Analytical Procedure

A deductive-inductive approach to qualitative content analysis was used [36–38]. The audio
recordings were transcribed verbatim, and were, together with the video recorded observations,
managed in the analytic software ATLAS.ti (Scientific Software Development GmbH), documenting
both verbalized and not verbalized activities. The software was used for the following steps 2 and 3
in the analysis process. Before the analysis started the whole group of authors discussed the model
and decided to apply the model’s facets as categories in the deductive analysis phase, and agreed on
the above definitions for each category in our study. The subsequent steps were as follows: (1) naïve
reading/understanding, (2) identifying meaning units and video sequences according to the aim,
(3) condensing text or verbalizing video sequences, (4) deductively sorting the condensed meaning
units according to facets of the Optimized Honeycomb model, (5) coding of the condensed meaning
units, (6) inductively sorting the codes to outline and label the subcategories within each category.

Aspects of credibility, dependability, conformability, transferability, and authenticity were
addressed throughout the project in order to strengthen the study’s trustworthiness [40]. Multiple data
collection methods were chosen to provide rich data to strengthen the trustworthiness. The credibility
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of the results was considered by having a group of 10 participants in order to get a variety of opinions,
and also by describing the researcher role during the analysis. Representativeness, as part of credibility,
was addressed by the researchers’ participation and perspectives in the co-creation process, along with
the member-check with the participants at the final session. The documented preparations before each
session, as well as researchers notes during, and reflective gathering after each session, complemented
the data collection from the sessions to enhance dependability. To strengthen conformability, the initial
coding and analysis were conducted by the first author (LM), and triangulated together with all four
co-authors (FÖ, KD, MS, MW) with different competences and perspectives (e.g., eHealth, engineering,
fall prevention, informatics, physiotherapy). To reinforce transferability the preparation phase with
the selection of participants, as well as the analysis process and analytical framework, is thoroughly
described. The authenticity of the research was established by describing the whole process of
this study [40]. Further, the use of quotes in the results, distinguishable to participant and session,
is assumed to reinforce credibility in the results by describing the diversity in the material [36].

2.6. Ethical Considerations

The co-creation study has an approved Ethics application (Umeå Dnr 2017/317-31). Both written
and verbal information about the study was provided and all participants signed a written consent
form. Participation in five co-creation sessions had limited risks causing ethical concerns, but as the
participants shared information about their opinions and personal experiences it was important to
ensure that they felt safe within the group and could openly express their ideas. All participants had
previously been involved in a fall prevention exercise study and had volunteered to partake in further
research projects [33].

3. Results

3.1. Analysis of Co-Creation Sessions

The analysis was completed using the Optimized Honeycomb model with the seven facets
(findable, accessible, usable, desirable, credible, useful, and valuable) as predefined categories in the
deductive analysis phase. Within each category the subcategories were inductively generated. In total
17 subcategories, reflecting the participants’ expressed opinions and suggestions, were derived from
the five co-creation sessions. See Figure 3 for results in the UX Staircase with our subcategories.
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3.1.1. Findable

The category findable relates to participants’ discussions about simplicity and how to facilitate
navigation. This category is obtained from data within all sessions.

The participants’ necessity for a clear and simple design formed the subcategory Organize
information logically and simply. During the practical workshops exploring the user interface, changes
such as removing symbols from the heading, and avoiding excessively use of symbols were suggested,
so as to improve organization of the interface.

“If there should be only one symbol, then it is better with the one with the feet together, as you start
with that one.” Woman 5, 71 years, Session 3

In general, the participants found navigation in the app logical after just some practice, but they
sometimes needed guidance for going back or to exit. The use of chapters was suggested to facilitate
repetition of certain sections. Another idea for simplification was to provide details, not directly
necessary for performing the test, as bonus material for the user who wants more in-depth information.
Additionally, they found it confusing when something happened in the app without any notification,
for example when the calibration process finished and just returned to start without any confirmation.

The subcategory Use details and visual effects concerns how to catch the user’s attention, and how
to use colors and contrasts to highlight or to zoom in on important details. The use of bullet points to
facilitate navigation was another idea. It was considered helpful to use some symbols and colors in
the interface, for example green or arrow up for good results, and red or arrow down for caution or a
decline in the results.

Participants’ need for just the precise amount of information is reflected in the subcategory Provide
adequate information. Neither too much nor too little information was preferred in order to be able to
use the app correctly.

“I understand that it is a trade-off between whether it becomes too extensive or clear . . . . that, both to
get it clear and not too comprehensive, and you want to have as much as possible in there.” Woman 3,
73 years, Session 4

Another suggestion to improve findability for people with hearing impairments was to provide
written instructions in addition to the videos. A conclusion from the homework sessions was that the
instructions were both findable and perceived uncomplicated even for people not previously involved.

3.1.2. Accessible

The category accessible describes the participants’ perceptions of the ability to access content in the
application, which relate to both the information provided and access to the actual device when using
the self-test. Most of the information in this category is extracted from the last three sessions.

The subcategory Adapt for vision and hearing impairment captures topics discussed in relation to
impairments that could affect the use of the application. Participants acknowledged that individuals
with impaired hearing have different needs, but they agreed that spoken instructions, in combination
with signals, were considered clear, even for individuals with hearing impairment.

“But it is very informative and simple. You talk clearly and slowly. My husband is very hard of
hearing, and he had no problems to hear.” Woman 5, 71 years, Session 5

Distinct preferences were expressed concerning the use of verbal cues or sound signals to indicate
change of position during the test performance. These cues and signals were elaborated on in different
versions of the application, and finally a preference for a combination of short cues, and signals, was
agreed upon. Further, it was considered helpful to make information more accessible by accentuating
words and using contrasts of colors in the video instructions.

Participants’ experiences regarding cognitive challenges such as memory, planning, and execution
formed the subcategory Facilitate for different levels of cognition. It arose from practical workshops where
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participants followed the test instructions to perform the test. To be able to grasp the instructions they
expressed that videos had to be shortened and focus only on the most important points. Occasional
confusion was noticed during the test performance, for example, that it was difficult to remember what
the next step was. Based on the user-tests at the final session, it became apparent to participants that a
relatively good short-term memory was desirable to be able to use the self-test.

The subcategory Accommodate for appropriate use of appliances and tools, illuminates the participants’
considerations regarding the availability of the application and access to technology. For their own part
they were happy to use a self-test with their smartphone, but they brought up that maybe not everyone
has access to a smartphone, even though it is more common nowadays. Furthermore, they pointed out
that the smartphone, during the actual test performance, was not accessible as it was rolled up in a
scarf on the lower back. Participants also recognized the possibility of adapting the application for
various individuals with different technology experience.

3.1.3. Usable

The category usable comprises the participants’ perceptions on how to manage the application
and perform the test. Most material in this category is extracted from the second session, when the
first user-test was performed.

The subcategory Essential with clear instructions captures the participants’ wish for distinct and
clear instructions. They came up with feasible ideas on how to modify the instructions, for example
regarding how to guide the sit-to-stand test by, for example, using short verbal cues with specific words
such as “up/down”, and “fast”. Utmost clarity was important to avoid confusion at test performance.

Participants’ experiences from their first attempts using the application is reflected in the
subcategory Need practice to learn the test. They described a need to familiarize themselves with the test
performance a few times, thereafter it became easy to perform the test. They also thought it was helpful
to be able to go back and practice with the instructions again to make sure the test was performed
correctly before the first assessment.

“You have to practice first, to be able to do it without instructions later.” Man 1, 76 years, Session 2

The subcategory Practical handling needs to be smooth, includes issues regarding how participants
perceived handling the self-test, and the user interface was considered relevant at first sight.
Managing the smartphone and scarf to fasten it on the lower back was reasonable and easier to
do than expected after watching the instructions. A few participants considered the calibration process
unclear to start with, so the instruction was changed to show the whole process in one video clip, which
improved the matter. Further, during practical workshops some technical problems were experienced
(interruptions in sound signals, and not being able to follow on to the next step in test procedure, due
to poor Bluetooth connection), which affected the participants’ attention negatively. They therefore
expressed that they wanted a self-test that worked without hassle.

3.1.4. Desirable

The category desirable refers to participants’ view on how suitable and attractive they thought the
application would be for them as end-users. Preferably, it should be something to feel good about
and talk about. The participants noticed both desirable and non-desirable features in the application,
which contributed to improvements. Data in this category is extracted mostly from the first and
third sessions.

The first subcategory Preferable with an uncomplicated and familiar design, focuses on participants’
experiences of the user interface and content. To be desirable, they preferred the video instructions to be
concise, preventing them from getting bored or losing track while using the application. They wanted
the results section to be uncomplicated. To determine how results could be presented, they shared and
compared their previous experiences of using other applications, for example, to monitor physical
activity or health related issues. Their suggestions were unanimous: results should be presented as
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line or bar graphs and show change over time. They wanted results presented with numbers and not
by symbols to make it understandable. An optional memo function in the results section, where a
personal note could be made, was also desired.

Participants found certain features not desirable and this formed the subcategory Not preferable
with interrupting or slow elements. Signals and voice prompts had to be changed various times so as not
to interrupt the test performance. In relation to the slow pace of instructions in the first version of the
app, all participants expressed a solid opinion that: just because you are old you are not daft. They all
appreciated the change to the more normal speech pace in later versions and felt less diminished.

“If you are looking at the entire video then, then I would have got fed up before finishing...I would
have turned it off before getting to the end.” Female 2, 76 years, Session 1

Participants’ resistance to share results with others created the subcategory Do not want to share
results. Though one remark was that it would be nice to share with a spouse or close friend, particularly
if one has done something very well. The strong and unanimous opinion about not wanting to share
results on social media was striking. They felt the information was too personal to share. Additionally,
the mistrust in social media was expressed and they saw a difference between generations. They felt
they wanted to share less than they thought younger people would do. The group also established
that they did not want the self-test to be a competition.

“May I say one more thing, this is not a competition is it? You can post results from competitions on
Facebook, but that’s something different.” Woman 2, 76 years, Session 3

3.1.5. Credible

The category credible describes the participants’ confidence in the application. Topics brought up
here were concerns about the sensor measurements and what they tell, how the tests are performed,
and which movements are selected to be part of the self-test. Most data in this category was extracted
from the first sessions, but participants questioned the application during the whole process, and asked
about why things were done in a certain way.

Participants’ curiosity and their desire to know why and how, formed the subcategory Important
to understand why. They expressed that it was easier to understand that you must do things in a
certain way when you know why. Further, to trust the measurements, it was considered important to
understand what might happen if you do something wrong.

The subcategory Feeling safe with the app describes the feeling of being safe while performing
the test. Participants’ positive reactions to safety aspects during the test were often confirmed in the
co-creation sessions, for example, standing in a corner made them feel secure.

“You know, somehow . . . you know subconsciously . . . (moves his arms to the sides as though searching
support) . . . that you can get support against the wall.” Man 4, 82 years, Session 2 (video)

3.1.6. Useful

The category useful exemplifies participants’ perceptions regarding the usefulness of the application
for intended end-users and their need for the self-test. Data in this category is obtained mostly from
the third and fourth sessions.

The subcategory Need for a self-test expresses the participants’ reflections on how to utilize the
test. They thought the test could be an alert if decline in physical function occurs, and something to
give guidance on how exercise or inactivity affects one’s balance. For the participants, it was obvious
that the app was useful for their age group. Moreover, they brought up the question: who are the
intended users of the application, older adults or clinicians? They recognized a need for the application
in both settings.
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“I think [about results]—better or worse are based on what I did before. Have I made any improvement,
or just got worse, or does it look the same? That is interesting. Or will there be a red flag, now you
have . . . what happened to your balance?” Female 5, 71 years, Session 3

The motivational aspect of the self-test was expressed by participants and formed the subcategory
Motivation through monitoring. Self-monitoring could be achieved through goal setting, registration,
and comparison over time. In relation to goal setting it might be used as a motivator, to get back to the
same level as before an illness or holidays, to set a realistic goal according to age and health status, or to
set a goal to motivate exercise. Although, most participants were generally not interested in comparing
with others, some asked for possibilities to relate their measures to normal values. In addition, the use
of positive feedback in the application, for example, symbols like a smiley figure or green arrow etc.
was considered motivating.

“I agree with that, that you would like to see how it [results] develops. It is exciting to follow, if it
progresses or if you have been lazy. Yes, you need that push. Then it is fun as well to follow the
results.” Female 6, 74 years, Session 3

3.1.7. Valuable

The final category appears as an overall aspect of the other six facets in the model, and illustrates
the Added value for the end-user to have an application like MyBalance. Participants’ expressed their
experiences with increased balance problems and the fear of falling when getting older, and identified
a value of being able to self-monitor balance objectively. The group saw the benefits of being able to
compare their performance to a normal value. However, one remark was that if you can compare
yourself with a normal value and find out that your balance is good, then you might stop exercising.
Additionally, the general value of the application was discussed in relation to the question of whether
the intended target group actually are using apps and smartphones. The response in the group was
“yes”, many have access to technology, but the extent of use varies. The participants felt it was justified
to develop an application even though it was recognized that not everyone may have access or interest.

“But people are so different, some run to the doctor or health center for the slightest thing, others
stand it to the worst, so it is very difficult to tell [if MyBalance app will help everyone] but the use of
smartwatches and smartphones could be a signal that something is wrong. And it is not always . . .
eh, that the inner feeling will alert you—then it could be beneficial with this type of signal to alert that
something is wrong.” Male 4, 82 years, Session 4

3.2. Application Development during the Co-Creation Process

The developments and improvements of the application after each session are presented in
Figure 4. The changes made were in relation to the tasks performed in the five co-creation sessions,
as described in Figure 1 in Section 2. Naturally, due to the co-creation process, design changes were
made throughout the iterative design process. Changes concerned the interface design, instructions
and test procedures, and the most recent version of the prototype was used in each co-creation session.
The current version of the smartphone self-test application MyBalance, after the co-creation design
process, features three short instruction videos. One video with an overall introduction of the self-test
(approx. 5 min) and a separate video for each test procedure (approx. 2 min each). The user interface
for both the sit-to-stand test and the static standing balance test have three options: (1) see instruction
video, (2) see results from earlier tests, or (3) start the test.
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Figure 4. An overview of the design process, describing developments made after each of the five
co-creation sessions and consequently further explored in the next iteration.

4. Discussion

The purpose of this study was to develop a smartphone self-test application, and from the
co-creation process describe the participants’ preferences for, and their contributions to, the design of the
application. In accordance with the Optimized Honeycomb model, the results can be interpreted from
the three parts: Feel, Think, and Use (Figure 3) [24]. Related to the part Feel (categories Desirable and
Credible) the participants contributed with the most unanticipated information. They communicated
creative ideas and provided perspectives relevant to end-users, the older adults. The suggestions from
participants were both applicable and added essential value to the development, regarding how they
felt about using the self-test application. In relation to the part Think (categories Credible and Useful),
participants’ approval of the purpose of the self-test application was confirmed. Finally, within the
part Use (categories Findable, Accessible, and Useable), the interaction with the older adults confirmed
much of the practical content, and many suggestions to ease the use of the application evolved during
the co-creation process.

The UX Honeycomb model has to our knowledge been used in three other qualitative studies
in medical related research to analyze user-tests and developments, only one of which had an older
population. Further, those studies targeted very different areas: online intervention for parents with
children with insomnia [23], glaucoma patients using prototype of guidelines about their condition [22],
development of Decision Boxes for evidence-based and shared decision-making [20]. Nevertheless,
our analysis using the Optimized Honeycomb model, showed findings which resemble previous
studies. Within Feel, some noticeable similarities were the users’ desire to understand why things are
done in a certain way, and their interest in learning new things. The older adults, in our study, had a
desire to know the reason behind a particular action to follow instructions and trust the application.
Other studies reported knowledge to be empowering for patients with glaucoma [22], and that
information reinforced parents to understand the child’s problem [23]. Moreover, in Feel, participants’
wish for an Uncomplicated and familiar design was expressed in our study. When the overabundant
information existing at the start was removed, and clear and concise instructions provided only the
indispensable information, participants were enabled to perform the test correctly. In comparison the
importance of using appropriate graphics was stressed in the decision support study [20], and the
need for simple graphical aids and the use of color and symbols was expressed by patients with
glaucoma [22].

In the part Think, the participants conveyed a Need for the self-test application; they wanted to
use the application. They expressed both a personal need, and moreover, were very enthusiastic that
others would be able to use this app. Other studies described usefulness as participants appreciation
of the decision support [20], and dissemination of the guidelines was a key concern for the users in
the glaucoma study [22]. Additionally, using results from the self-test was considered as Motivation
through monitoring, and a prominent reason to find the self-test useful. Participants expressed, that by
following one’s results, it could encourage people to start, or continue with fall prevention exercises to
improve balance. None of the other studies, using the UX Honeycomb model as a framework, related
to motivation.



Int. J. Environ. Res. Public Health 2020, 17, 3768 13 of 17

Further, within the part Use features of more practical matters evolved. One example from
Essential with clear instructions, was the importance of giving instructions with short, specific word like
up/down, in order for the user to understand and perform the test correctly. Moreover, during the
design of the user interface, considerations about how to Adapt for vision and hearing impairment were
prominent in the process with the older adults. Facilitate for different levels of cognition was addressed and
re-addressed together with the participants in order to reach feasible solutions. Additionally, the aspect
of Organize information logically and simply to make the user interface easy to use (logic, details, colors)
was a central aspect in the design process. Independent of what age-group the user interface design is
for, the design of the interface is important to facilitate use of the application. Overall, Use was the part
where most suggestions came up during the co-creation sessions. The other three studies, using the UX
Honeycomb model, reported resembling issues featuring use. Parents expressed the importance of a
balance between audio, video, and written content [23]. Patients with glaucoma conveyed the necessity
of limiting the content [22]. In the Decision Boxes study, the need for synthesized and simplified
information was expressed, especially “Having a good impression first” including Simplicity, Choice
of color, Avoid excessive information, and Individuals previous levels of knowledge [20].

Independent of the UX Honeycomb model, our study likewise relates to other studies concerning
older adults’ use of technology. For example, a user-test study of three different smartphone applications,
showed the importance of appropriate use of colors, easy navigation, and enhanced and simplified
data visualizations [25]. Some guidelines were created from this study to improve usability for older
users. Although our co-creation process was completed before the publication of these guidelines,
they agree with the principles we applied during our development. Further, a study, where older
adults with heart failure used mHealth-based interventions, described facilitators like willingness to
learn, ease of use, and the presence of useful features [41]. The participants in our study expressed
similar opinions during the sessions, for example, interest in learning new things, that the interface was
easy to use, and that they appreciated adaptations for reduced vision, hearing, or cognition. Moreover,
a review of different eHealth interventions for seniors (60+) aging in their own homes, reported on
factors influencing the acceptance of technology use, for example, positive experiences and benefits of
technology, the importance of reducing problems with technology, and the influence of social networks
for support [27]. Our participants discussed similar elements of acceptance, for example, they thought
MyBalance would be useful by showing changes in test performance, and they did not want any hassle
with technology. The role of a spouse or close friend was mentioned as important for sharing good
results with, but not in terms of getting help with the technology. This could indicate that the handling
of the application was uncomplicated.

A similar study has been ongoing in parallel to ours, within the European project PreventIT,
however in this study co-creation was not used in the design process [42]. During their user-testing
(with three iterations) they received comparable suggestions for developments, as we gained during
the co-creation process. After their first user-test, video instructions were developed. After the second,
the instructions were changed as confusing signals caused puzzlement, and the placement of the
smartphone was often wrong. Their third user-test was done in participants’ homes, where additional
challenges for standardized tests emerged. The results from our two studies correspond and therefore
strengthen our gained knowledge, such as the positive effect of providing video instructions, and the
need for clear instructions.

Some methodological reflections for this co-creation study will be addressed below, including both
strengths and limitations. Since abundant suggestions came up throughout the sessions, we found the
number of participants appropriate, and the purposive sample selection successful. The participants
were committed to the assignment, and became engaged in the group, generously sharing their
opinions during sessions, and a feeling of importance from taking part was noticed during this period.
Non-attendance was due to being away, or illness, and on the occasion in February, snowy conditions
caused only one participant to cancel their attendance. Considering the reduction in the number of
participants in the final sessions, aspects of credibility and dependability must be regarded. However,
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the majority of participants attended throughout the 11 months and we have no indication that
participation decreased due to poor interest. A summary of the session’s content was emailed to all
participants after each session, something that was much appreciated. Further, the decision to include
participants with some previous experience of using either a computer, tablet, or smartphone was
made, as the target group for the self-test application is people that have a smartphone and are used to
handling it. Participants in the study therefore also needed some experience of technology to take part
in the development.

The diversity in design teams are important for the development process [28]. Our research
team had a valuable mix. The engineers and physiotherapy researchers shared their knowledge and
experiences during the whole process, which strengthened the development of the self-test application.
As physiotherapists, the preunderstanding about the balance tests was important when developing the
test instructions, though, it was also beneficial to gather participants’ perspectives on how information
was received. The engineers had a key role in developing the prototype. Likewise, in the analysis phase,
the combination of researchers was valued. Two of the authors were not involved in the co-creation
process and had an outside perspective during the analysis. Due to this, the objectivity was upheld
and confirmability was reinforced [40].

Further, the UX Honeycomb model seemed to be suitable to use as the categorization matrix in this
study. Despite the model’s non-scientific origin it is often used in applied design [19] and fulfilled the
requirements of providing a framework in our study. We therefore consider the UX Honeycomb model
to be worthwhile to apply further in research regarding user experience. The model helped organize
our findings from the multiple data collection, and we believe that the use of a categorization matrix
improved both transferability and credibility [40]. It was satisfying to discover during the analysis how
data from the sessions covered each facet of the UX model, indicating that all aspects were discussed
during the sessions. In the process to make the application useful and valuable, as the highest steps
indicate, the analysis showed that we had been through all the steps (findability, accessibility, usability,
desirability, and credibility) along the way. By thoroughly describing the conditions during the
co-creation sessions as well as the analysis process and framework, we tried to facilitate transferability
of our results to other similar developments of applications for older adults [40]. To provide good user
experience various guidelines for application development exist. Even though no specific guideline
was systematically followed at this early stage of the development process, many aspects were still
implemented. Our focus was to accomplish a simplistic design that even inexperienced smartphone
users would find intuitive. In further development of the MyBalance app specific guidelines will be
considered. Since our co-creation process was guided by the direct response from older participants,
we hope our results could augment future design processes aiming to develop self-test applications for
older adults.

Further research is needed before the MyBalance app can be released. A proper user-test study
to test the current prototype, refined during our co-creation sessions, is needed. Additionally, future
work of validity and reliability is required to confirm the application’s algorithms, and how the user
handles the self-test. Moreover, the desire among some participants to be able to compare their results
with normal values requires a large data collection and the MyBalance app might be able to provide
this in the future.

There is a gap to fill in health services regarding the prevention of falls and new methods to prevent
falls are needed as resources are limited. Self-managed fall prevention exercises could be a step forward
to help older adults reduce the number of falls. A self-test might help improve motivation for doing
fall preventive exercises and evaluate the results, thereby increase adherence in such interventions.

5. Conclusions

The user experience aspect was central, in this 11 month long co-creation process together with
10 older adults, when designing the self-test application MyBalance. The UX Honeycomb model
served well to organize the participants’ input in order to understand the experienced value of the
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smartphone application. All aspects of the model for user experience were covered during the design
development. The results from the analysis indicate that the co-creation sessions generated the most
novel input in relation to how participants felt regarding the application and their desires for different
features in the application’s design. Further, the credibility and usefulness were also discussed among
participants, and together with the more practical matters, several suggestions for the design were
provided. Their wish to achieve knowledge and understand why, was evident during the co-creation
process. Additionally, the appropriate level of clear information was important, neither too much nor
too little. Furthermore, they also expected the MyBalance self-test to be a useful application to test
balance and leg strength and in addition, to help motivate performance of exercises to prevent falls.
In conclusion, the Optimized Honeycomb model for user experience was found to be a useful tool for
analyzing and describing the participants’ preferences when developing a new self-test application for
older adults.

Author Contributions: L.M. and M.S. conceptualized the study. M.S. acquired funding for the study. M.S., M.W.
and L.M. took part in the investigation. M.S., M.W., L.M., F.Ö. and K.D. took part in the creation of the matrix
for the deductive analysis phase. All authors triangulated the qualitative data after L.M. performed the initial
analysis. L.M. drafted the manuscript and visualizations, and all authors took part in writing, reviewing and
editing the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This work was financially supported by the Swedish Research Council (grant number 2015-03481);
the Strategic Research Programme in Care Sciences (SFO-V), Umeå University and Karolinska Institutet; the
Promobilia Foundation (ref nr 18118); and the Foundation in Memory of Ragnhild & Einar Lundström.

Acknowledgments: The authors wish to acknowledge the participants in the co-creation process, for their
time and sharing their opinions in this study. The authors wish to acknowledge engineer Jonas Selling, who
enthusiastically engaged in this project and developed the application MyBalance corresponding to suggestions
from the co-creation sessions.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. World Health Organization. Ageing and Health. Available online: https://www.who.int/news-room/fact-
sheets/detail/ageing-and-health (accessed on 20 March 2020).

2. World Health Organization. Falls. Available online: https://www.who.int/news-room/fact-sheets/detail/falls
(accessed on 6 March 2019).

3. Tinetti, M.E.; Kumar, C. The Patient Who Falls: “It’s Always a Trade-off”. JAMA 2010, 303, 258–266.
[CrossRef]

4. Bert, F.; Giacometti, M.; Gualano, M.R.; Siliquini, R. Smartphones and Health Promotion: A Review of the
Evidence. J. Med. Syst. 2013, 38, 9995. [CrossRef]

5. European Commission; Eurostat. Eurostat-Tables, Graphs and Maps Interface (TGM) Graph. Available
online: https://ec.europa.eu/eurostat/tgm/graph.do?tab=graph&plugin=1&pcode=tin00083&language=en&
toolbox=data (accessed on 12 December 2019).

6. Internetstiftelsen. The Swedes and the Internet 2019. Available online: https://svenskarnaochinternet.
se/rapporter/svenskarna-och-internet-2019/the-swedes-and-the-internet-2019-summary/ (accessed on 19
November 2019).

7. DiClemente, R.; Nowara, A.; Shelton, R.; Wingood, G. Need for Innovation in Public Health Research. Am. J.
Public Health 2019, 109, S117–S120. [CrossRef] [PubMed]

8. Kickbusch, I. Health promotion 4.0. Health Promot. Int. 2019, 34, 179–181. [CrossRef] [PubMed]
9. Hamm, J.; Money, A.G.; Atwal, A.; Paraskevopoulos, I. Fall prevention intervention technologies:

A conceptual framework and survey of the state of the art. J. Biomed. Inform. 2016, 59, 319–345. [CrossRef]
[PubMed]

10. Silveira, P.; Reve, E.v.h.; Daniel, F.; Casati, F.; de Bruin, E.D. Motivating and assisting physical exercise in
independently living older adults: A pilot study. Int. J. Med. Inform. 2013, 82, 325–334. [CrossRef] [PubMed]

https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/falls
http://dx.doi.org/10.1001/jama.2009.2024
http://dx.doi.org/10.1007/s10916-013-9995-7
https://ec.europa.eu/eurostat/tgm/graph.do?tab=graph&plugin=1&pcode=tin00083&language=en&toolbox=data
https://ec.europa.eu/eurostat/tgm/graph.do?tab=graph&plugin=1&pcode=tin00083&language=en&toolbox=data
https://svenskarnaochinternet.se/rapporter/svenskarna-och-internet-2019/the-swedes-and-the-internet-2019-summary/
https://svenskarnaochinternet.se/rapporter/svenskarna-och-internet-2019/the-swedes-and-the-internet-2019-summary/
http://dx.doi.org/10.2105/AJPH.2018.304876
http://www.ncbi.nlm.nih.gov/pubmed/30785791
http://dx.doi.org/10.1093/heapro/daz022
http://www.ncbi.nlm.nih.gov/pubmed/30939200
http://dx.doi.org/10.1016/j.jbi.2015.12.013
http://www.ncbi.nlm.nih.gov/pubmed/26773345
http://dx.doi.org/10.1016/j.ijmedinf.2012.11.015
http://www.ncbi.nlm.nih.gov/pubmed/23273420


Int. J. Environ. Res. Public Health 2020, 17, 3768 16 of 17

11. Delbaere, K.; Valenzuela, T.; Woodbury, A.; Davies, T.; Yeong, J.; Steffens, D.; Miles, L.; Pickett, L.; Zijlstra, G.;
Clemson, L. Evaluating the effectiveness of a home-based exercise programme delivered through a tablet
computer for preventing falls in older community-dwelling people over 2 years: Study protocol for the
Standing Tall randomised controlled trial. BMJ Open 2015, 5, e009173. [CrossRef]

12. Roeing, K.L.; Hsieh, K.L.; Sosnoff, J.J. A systematic review of balance and fall risk assessments with mobile
phone technology. Arch. Gerontol. Geriatr. 2017, 73, 222–226. [CrossRef]

13. Rasche, P.; Mertens, A.; Bröhl, C.; Theis, S.; Seinsch, T.; Wille, M.; Pape, H.-C.; Knobe, M. The “Aachen
fall prevention App”—A Smartphone application app for the self-assessment of elderly patients at risk for
ground level falls. Patient Saf. Surg. 2017, 11, 14. [CrossRef]

14. Hsieh, K.L.; Fanning, J.T.; Rogers, W.A.; Wood, T.A.; Sosnoff, J.J. A Fall Risk mHealth App for Older Adults:
Development and Usability Study. JMIR Aging 2018, 1, e11569. [CrossRef]

15. Ciuti, G.; Ricotti, L.; Menciassi, A.; Dario, P. MEMS Sensor Technologies for Human Centred Applications in
Healthcare, Physical Activities, Safety and Environmental Sensing: A Review on Research Activities in Italy.
Sensors 2015, 15, 6441–6468. [CrossRef] [PubMed]

16. Regterschot, G.R.H.; Morat, T.; Folkersma, M.; Zijlstra, W. The application of strength and power related
field tests in older adults: Criteria, current status and a future perspective. Eur. Rev. Aging Phys. Act. 2015,
12, 2. [CrossRef] [PubMed]

17. Hassenzahl, M.; Tractinsky, N. User experience—A research agenda. Behav. Inf. Technol. 2006, 25, 91–97.
[CrossRef]

18. Morville, P. User Experience Design. Available online: http://semanticstudios.com/user_experience_design/

(accessed on 2 September 2019).
19. US Dept of Health & Human services User Experience Basics. Available online: www.usability.gov/what-

and-why/user-experience.html (accessed on 19 January 2020).
20. Giguere, A.; Légaré, F.; Grad, R.; Pluye, P.; Haynes, R.B.; Cauchon, M.; Rousseau, F.; Argote, J.A.; Labrecque, M.

Decision boxes for clinicians to support evidence-based practice and shared decision making: The user
experience. Implement. Sci. 2012, 7, 72. [CrossRef]

21. Chang, W.-J.; Lo, S.-Y.; Kuo, C.-L.; Wang, Y.-L.; Hsiao, H.-C. Development of an intervention tool for precision
oral self-care: Personalized and evidence-based practice for patients with periodontal disease. PLoS ONE
2019, 14, e0225453. [CrossRef] [PubMed]

22. Fearns, N.; Graham, K.; Johnston, G.; Service, D. Improving the user experience of patient versions of clinical
guidelines: User testing of a Scottish Intercollegiate Guideline Network (SIGN) patient version. BMC Health
Serv. Res. 2015, 16, 37. [CrossRef]

23. Orr, M.; Isaacs, J.; Godbout, R.; Witmans, M.; Corkum, P. A usability study of an internet-delivered behavioural
intervention tailored for children with residual insomnia symptoms after obstructive sleep apnea treatment.
Internet Interv. 2019, 18, 100265. [CrossRef]

24. Karagianni, K. Optimizing the UX Honeycomb—A Small Amendment to the Classic Diagram Hopefully Improves
Its UX. Available online: https://uxdesign.cc/optimizing-the-ux-honeycomb-1d10cfb38097 (accessed on 18
September 2019).

25. Morey, S.A.; Stuck, R.E.; Chong, A.W.; Barg-Walkow, L.H.; Mitzner, T.L.; Rogers, W.A. Mobile Health Apps:
Improving Usability for Older Adult Users. Ergon. Des. Q. Human Factors Appl. 2019, 27, 4–13. [CrossRef]

26. Peek, S.T.M.; Wouters, E.J.M.; van Hoof, J.; Luijkx, K.G.; Boeije, H.R.; Vrijhoef, H.J.M. Factors influencing
acceptance of technology for aging in place: A systematic review. Int. J. Med Inform. 2014, 83, 235–248.
[CrossRef]

27. Tsertsidis, A.; Kolkowska, E.; Hedström, K. Factors influencing seniors’ acceptance of technology for ageing
in place in the post-implementation stage: A literature review. Int. J. Med Inform. 2019, 129, 324–333.
[CrossRef]

28. Sanders, E.B.-N.; Stappers, P.J. Co-creation and the new landscapes of design. CoDesign 2008, 4, 5–18.
[CrossRef]

29. Simonsen, J.; Robertson, T. (Eds.) Routledge International Handbook of Participatory Design; Routledge: New
York, NY, USA, 2013; ISBN 978-0-415-69440-7.

30. Greenhalgh, T.; Jackson, C.; Shaw, S.; Janamian, T. Achieving Research Impact Through Co-creation in
Community-Based Health Services: Literature Review and Case Study. Milbank Q. 2016, 94, 392–429.
[CrossRef] [PubMed]

http://dx.doi.org/10.1136/bmjopen-2015-009173
http://dx.doi.org/10.1016/j.archger.2017.08.002
http://dx.doi.org/10.1186/s13037-017-0130-4
http://dx.doi.org/10.2196/11569
http://dx.doi.org/10.3390/s150306441
http://www.ncbi.nlm.nih.gov/pubmed/25808763
http://dx.doi.org/10.1186/s11556-015-0147-6
http://www.ncbi.nlm.nih.gov/pubmed/26865866
http://dx.doi.org/10.1080/01449290500330331
http://semanticstudios.com/user_experience_design/
www.usability.gov/what-and-why/user-experience.html
www.usability.gov/what-and-why/user-experience.html
http://dx.doi.org/10.1186/1748-5908-7-72
http://dx.doi.org/10.1371/journal.pone.0225453
http://www.ncbi.nlm.nih.gov/pubmed/31751411
http://dx.doi.org/10.1186/s12913-016-1287-8
http://dx.doi.org/10.1016/j.invent.2019.100265
https://uxdesign.cc/optimizing-the-ux-honeycomb-1d10cfb38097
http://dx.doi.org/10.1177/1064804619840731
http://dx.doi.org/10.1016/j.ijmedinf.2014.01.004
http://dx.doi.org/10.1016/j.ijmedinf.2019.06.027
http://dx.doi.org/10.1080/15710880701875068
http://dx.doi.org/10.1111/1468-0009.12197
http://www.ncbi.nlm.nih.gov/pubmed/27265562


Int. J. Environ. Res. Public Health 2020, 17, 3768 17 of 17

31. Leask, C.F.; Sandlund, M.; Skelton, D.A.; Altenburg, T.M.; Cardon, G.; Chinapaw, M.J.M.; De Bourdeaudhuij, I.;
Verloigne, M.; Chastin, S.F.M. Framework, principles and recommendations for utilising participatory
methodologies in the co-creation and evaluation of public health interventions. Res. Involv. Engagem. 2019, 5,
2. [CrossRef] [PubMed]

32. Preece, J.; Rogers, Y.; Sharp, H. Interaction Design: Beyond Human-Computer Interaction, 4th ed.; John Wiley &
Sons Ldt.: Chichester, UK, 2015.

33. Pettersson, B.; Wiklund, M.; Janols, R.; Lindgren, H.; Lundin-Olsson, L.; Skelton, D.A.; Sandlund, M.
‘Managing pieces of a personal puzzle’—Older people’s experiences of self-management falls prevention
exercise guided by a digital program or a booklet. BMC Geriatr. 2019, 19, 43. [CrossRef] [PubMed]

34. Nielsen, J. Estimating the number of subjects needed for a thinking aloud test. Int. J. Hum. Comput. Stud.
1994, 41, 385–397. [CrossRef]

35. Jaspers, M.W.M. A comparison of usability methods for testing interactive health technologies:
Methodological aspects and empirical evidence. Int. J. Med Inform. 2009, 78, 340–353. [CrossRef]

36. Graneheim, U.H.; Lundman, B. Qualitative content analysis in nursing research: Concepts, procedures and
measures to achieve trustworthiness. Nurse Educ. Today 2004, 24, 105–112. [CrossRef]

37. Elo, S.; Kyngäs, H. The qualitative content analysis process. J. Adv. Nurs. 2008, 62, 107–115. [CrossRef]
38. Graneheim, U.H.; Lindgren, B.-M.; Lundman, B. Methodological challenges in qualitative content analysis:

A discussion paper. Nurse Educ. Today 2017, 56, 29–34. [CrossRef]
39. Házi, C. Re-Designing the UX Honeycomb—A Simple Way to Understand What UX Really Is. Available

online: https://blog.prototypr.io/re-designing-the-ux-honeycomb-a-simple-way-to-understand-what-ux-
really-is-54d0bf4387fc (accessed on 30 December 2019).

40. Elo, S.; Kääriäinen, M.; Kanste, O.; Pölkki, T.; Utriainen, K.; Kyngäs, H. Qualitative Content Analysis: A Focus
on Trustworthiness. SAGE Open 2014, 4, 215824401452263. [CrossRef]

41. Cajita, M.I.; Hodgson, N.A.; Lam, K.W.; Yoo, S.; Han, H.-R. Facilitators of and Barriers to mHealth Adoption
in Older Adults with Heart Failure. CIN Comput. Inform. Nurs. 2018, 36, 1. [CrossRef] [PubMed]

42. Bergquist, R.; Vereijken, B.; Mellone, S.; Corzani, M.; Helbostad, J.L.; Taraldsen, K. App-based
Self-administrable Clinical Tests of Physical Function: Development and Usability Study. JMIR MHealth
UHealth 2020, 8, e16507. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s40900-018-0136-9
http://www.ncbi.nlm.nih.gov/pubmed/30652027
http://dx.doi.org/10.1186/s12877-019-1063-9
http://www.ncbi.nlm.nih.gov/pubmed/30777026
http://dx.doi.org/10.1006/ijhc.1994.1065
http://dx.doi.org/10.1016/j.ijmedinf.2008.10.002
http://dx.doi.org/10.1016/j.nedt.2003.10.001
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://dx.doi.org/10.1016/j.nedt.2017.06.002
https://blog.prototypr.io/re-designing-the-ux-honeycomb-a-simple-way-to-understand-what-ux-really-is-54d0bf4387fc
https://blog.prototypr.io/re-designing-the-ux-honeycomb-a-simple-way-to-understand-what-ux-really-is-54d0bf4387fc
http://dx.doi.org/10.1177/2158244014522633
http://dx.doi.org/10.1097/CIN.0000000000000442
http://www.ncbi.nlm.nih.gov/pubmed/29742549
http://dx.doi.org/10.2196/16507
http://www.ncbi.nlm.nih.gov/pubmed/32338616
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Prototype 
	Data Collection during Co-Creation Process 
	Data Analysis 
	The Honeycomb Model 
	Analytical Procedure 

	Ethical Considerations 

	Results 
	Analysis of Co-Creation Sessions 
	Findable 
	Accessible 
	Usable 
	Desirable 
	Credible 
	Useful 
	Valuable 

	Application Development during the Co-Creation Process 

	Discussion 
	Conclusions 
	References

