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ARTICLE INFO ABSTRACT

Keywords: Background: Web-based interventions can help address challenges of accessibility and availability of dietary
Type 2 diabetes support for people with type 2 diabetes (T2D). However, concerns regarding adherence and engagement in web-
Diet

based interventions have been noted. Implementing a user-centered approach to intervention development has
been shown to encourage better participant engagement. The overarching aim of this paper was to describe the
user-centered approach used in the T2Diet Study to develop a new web-based dietary intervention for adults with
T2D, exploring strategies for enhancing adherence and engagement.

Methods: Intervention development was based on a flexible iterative user-centered approach to enable new
product development. Twenty-one adults with T2D were engaged in six guided discussion groups across four
iterative development phases, alongside reference to evidence and theory throughout the process. The phases of
user inquiry progressed from broad discussion on areas to support dietary needs; to design feedback on aspects of
site layout; through to further feedback on aesthetics and functionality; then into a two-week field test followed
by final user inquiry and participation in user experience polls. A hybrid approach of thematic data analysis was
used, incorporating both a data-driven inductive approach and a deductive approach based on a priori identi-
fication of themes.

Results: Group discussion across the four phases highlighted factors the participants considered may motivate
them to adhere and engage, which predominantly included relevance of resources, clear and simple positive
communication, and flexibility for personal tailoring. Participant feedback provided an actionable list of inter-
vention developments and input to inform intervention structure and theoretical framework. The two-week field
test highlighted factors participants valued in terms of the user experience, most notably usability and accessi-
bility. Additionally, the field test indicated a positive user experience, with no significant usability issues
identified.

Conclusion: This paper provided the first detailed report of a user-centered approach to iterative development in
the context of a web-based T2D dietary intervention. The insights will be useful to inform future digitally-
delivered dietary interventions for adults with T2D or to inform a similar user-centered approach for other
chronic health conditions.
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medications [3]. However, due to barriers such as cost, accessibility,

1. Background and availability of healthcare professionals and programs, there are
significant challenges in reaching enough people with T2D with the

Type 2 diabetes (T2D) is a health condition affecting approximately dietary education and support they may need [2]. Web-based in-
417 million globally in 2019, with a trajectory to rise to 630 million by terventions show promise in bridging this gap, providing a flexible
2045 [1]. T2D affects the body's ability to regulate blood glucose levels alternative to support people with T2D to improve dietary behavior and

[2]. Treatment recommendations frequently include a combination of clinical outcomes [4]. However, systematic reviews of web-based in-
diet, physical activity, and medication if necessary [2]. Dietary modi- terventions in people with T2D have identified that website usage de-
fication has been shown to be effective for improving blood glucose creases over time [5,6], which raises concerns about ongoing participant
control, and can be as effective as commonly available glucose-control engagement.
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T2D type 2 diabetes

Qualitative studies in people with T2D in eHealth interventions have
identified that ‘losing motivation’ was a critical factor associated with
low participation [7], and a key barrier to program usage [8,9]. Losing
motivation was caused by discouraging experiences with website aes-
thetics, navigation and technical difficulties, link errors, website func-
tionality, user-friendliness, communication style, and content relevance
[7,9-11]. These issues are related to the user experience, which can be
addressed by capturing user feedback and manipulating intervention
characteristics, aesthetics, and design [10,12]. A user-centered
approach allows researchers and developers to understand the needs
and preferences of the people the intervention aims to serve [13]. This
approach focuses on engaging end-users in an iterative outcome-focused
process, with a shared goal of solving problems, overcoming barriers,
and finding solutions [14]. Furthermore, taking a user-centered
approach is known to increase the effectiveness of diabetes-related
platforms [15], predict higher usage and better adherence [16,17],
and lead to improved clinical outcomes in people with T2D [5].

In a previously published systematic review [4], a web-based T2D
dietary intervention was defined as an intervention that included dietary
components and an assessment of dietary outcomes, as opposed to
comprehensive T2D self-management, which can include components
related to physical activity, diet, medication, or other factors. To the best
of our knowledge, a user-centered approach has been previously used in
only one web-based T2D dietary intervention [18]. However, that study
lacked detailed reporting of the process and outcomes of the user-
centered approach undertaken [4]. Lack of reporting has also been
identified in digital T2D comprehensive self-management interventions
[19]. The overarching aim of this paper was to describe the iterative
user-centered approach used in the T2Diet Study to develop a new web-
based dietary intervention for adults with T2D, exploring strategies for
enhancing adherence and engagement.
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2. Methods
2.1. Study design

A user-centered qualitative descriptive design [20] was the meth-
odological orientation applied in this study. A user-centered approach
aims to understand the needs and preferences of users in an outcome-
focused process [13,14]. Qualitative description is a design that en-
tails comprehensive yet simple presentation of the facts derived from the
perspectives and experiences of the people involved [20,21]. To enable
the development of the new web-based dietary intervention, existing
website resources previously developed through the nutrition business
of one of the researchers (JD) were provided. These included resources
such as evidence-based eating guidelines, information about T2D, rec-
ipes, food preparation tips, menu planning examples, and cooking
demonstrations.

2.2. Participants and recruitment

Twenty-one adults with T2D participated across four phases of group
discussion and iterative development (Fig. 1), between January and
October 2020. The total sample size was estimated at 20-30, based upon
the number of participants recruited in previous user-centered T2D
studies [19,22,23]. A purposive criterion sampling strategy [24] was
used to include adults (>18 years) with T2D, access to a computer and
the internet, an active email address, able to read and understand En-
glish, located in Australia, and able to provide informed consent. The
exclusion criteria included people with type 1 diabetes, prediabetes, or
gestational diabetes. Participants were recruited online using an avail-
able email list of adults with T2D (voluntary subscribers from one of the
researcher's websites); and using social media (Facebook and Twitter).
Interested participants were referred to a webpage that provided a plain
language statement and an online consent form. Immediately following,
they were directed to another online form to complete a baseline/
eligibility questionnaire. Eligible participants were invited by email to
attend the group discussions. Groups of participants were recruited
consecutively for each phase based on the eligible participants available
prior to each phase commencement.
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Fig. 1. Study flow diagram.
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2.3. Data collection process

A user-centered process described in new product development was
used [25,26], whereby each group discussion was kept variable and
findings from each discussion, alongside evidence and theory, informed
iterative development (Fig. 1). Participants were engaged in four phases
of group discussion, which included: 1) broad discussion; 2) design
feedback; 3) aesthetics and functionality; and 4) a two-week field test
followed by final user inquiry and participation in user experience polls.
Group discussions were guided by semi-structured topic guides and ac-
tivities (Appendix 1), which were informed by the Iliterature
[7,8,10,19,22,27-31]. All groups were held online via Zoom web
conferencing software. Each group discussion was conducted by the
same experienced facilitator (JD) for approximately 60 minutes in
duration. The group discussions were audio-recorded with permission,
transcribed verbatim, edited for accuracy, and anonymized before data
analysis commenced.

2.4. Phases of data collection

2.4.1. Phase 1 broad discussion

A group of participants (n = 3) were engaged in discussion about
website features that would encourage usage, existing and potential
resources, general setup and aesthetics, barriers and facilitators, and
additional areas to support dietary needs.

2.4.2. Phase 2 design feedback

Iterations were presented to a new group of participants (n = 3).
During the group discussion, participants pilot-tested various page lay-
outs, navigation, aesthetics, where they compared and contrasted op-
tions, and talked about the advantages and disadvantages, likes and
dislikes [25,28].

2.4.3. Phase 3 aesthetics and functionality

A new group of participants (n = 5) were engaged to respond to the
applied iterations. Two days before the group discussion, participants
were provided with login access to browse available resources at their
leisure. During the group discussion, participants were asked to give
feedback on initial impressions, navigation, look and layout, aspects that
stood out as useful or unhelpful, and recommendations for improvement
[25].

2.4.4. Phase 4 two-week field test, final user inquiry and user experience
polls

A new group of participants (n = 10) were asked to engage in a two-
week field test of the web-based intervention in a real-world setting
[27]. Previous work identified that ten participants were required to
identify up to 80% of usability problems [32]. Following the field test,
participants were invited to attend one of three small groups for the final
discussion phase. The Honeycomb Model [30,31] was used to engage
participants in user experience polls and guide the group discussion. The
Honeycomb Model is a frequently used tool in real-world contexts to
inform development by understanding the users' experience across seven
domains—valuable, usefulness, usable, desirable, accessible, findable,
and credible [30,31]. Different forms of the model have been used
previously in digital health interventions [33,34]. There is no one
defined method for using the tool. The model allows for the develop-
ment of study-specific questions to collect participant's responses for the
seven domains (Appendix 1).

2.5. Data analysis

Data analysis was conducted manually by one member of the
research team (JD), then discussed and confirmed by a second member
of the research team (SMSI). A hybrid approach of thematic data anal-
ysis was used, incorporating both a data-driven inductive approach and
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a deductive approach based on a priori identification of themes [35-37].
Derived from the literature [7,8,10], the deductive themes consisted of
four broad parameters: 1) aesthetics and navigation; 2) functionality; 3)
content relevance; and 4) communication and presentation. Following
each group, the data were first coded into these themes to derive an
actionable list of suggestions to apply to intervention development.
Repetitive themes or singular comments about features related to these
themes were considered equally important [35]. Secondly, this hybrid
approach allowed the emergence of codes and themes directly from the
data through inductive analysis [38], which was used to broaden un-
derstanding of the users' perspective, and identify strategies for
enhancing adherence and engagement. Codes and themes were revised
as necessary until a saturation point was reached where no further
changes seemed necessary [37-39]. In addition, the poll data collected
during the group discussions were rated on a scale from O (worst
experience) to 8 (best experience), and summarized using a visual
evaluation tool known as the User Experience Radar [40].

2.6. Research team

All forms of qualitative research position the researchers central to
the data collection and analysis process [29]. Our multi-disciplinary
research team provided a broad set of skills, beliefs and perspectives
to the process of planning, implementation, and analysis of the research.

3. Results

Twenty-one participants engaged in six guided group discussions
conducted over four phases of iterative inquiry and intervention
development. Demographic characteristics for the overall sample are
presented in Table 1.

3.1. Barriers and facilitators to adherence and engagement

In response to engagement with intervention resources across the
four phases of inquiry, three predominant themes emerged, providing
insight into factors that could facilitate or detract from adherence and
engagement. These themes are described below.

3.1.1. Potential barriers to engagement

Regardless of whether participants were newly diagnosed with T2D
or had T2D for a decade or more, participants expressed a desire to
acquire more knowledge that could help them improve self-care. Par-
ticipants frequently reported the barriers they experienced in terms of
access to information. Being the internet is a widely used information
resource, they shared that relevant information can be difficult to find.

“I find that when you do the search for a particular thing, quite often
you just can't find the information because it comes up with every-
thing else that's not relevant.” P2, Group 3.

This issue was highlighted as particularly pertinent to those with
newly diagnosed T2D who felt their “world was turned upside down and
everything's gonna change.” However, it was also noted as an ongoing
frustration for those with longer-term T2D. Thus, participants indicated
the value of having access to relevant web-based resources they could
trust and access on-demand when they needed to.

“You're not relying on the internet and social media, word of mouth
from well-meaning friends, all that sort of thing. It was something
that I can put my trust in.” P3, Group 4.1.

Another significant barrier described by participants was the way
they felt information is frequently communicated to them. Participants
mentioned repetitively throughout groups that they felt much of the
information received was provided to them in a negative tone or not
given to them in a way they can easily understand. Participants used a
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Table 1
Demographic characteristics of participants.

Demographic category Demographic details n%

Gender Female 77%
Male 23%
Other 0%

Age Mean 60.7 years (range 41-75 years)

Duration of diabetes <1 year 23%
1-3 years 19.2%
4-6 years 15.4%
7-10 years 11.5%
11-15 years 27%
>15 years 3.9%

Relationship status Married/living with a partner 69.2%
Never married 15.4%
Separated, divorced, widowed 11.5%
Prefer not to answer 3.9%

Most recent self-reported <6.0% 11.5%

hemoglobin Alc result 6.1-8.0% 42.4%

>8.0% 11.5%
Unknown/can't recall 34.6%

Current diabetes management Diet only 11.5%
Diet + diabetes medication 73%
Diet + diabetes medication + 15.5%
insulin

Education level Master's degree or higher 15.4%
Bachelor's degree 15.4%
TAFE/university course below 15.4%
Bachelor's degree
National certificate, trade 34.6%
certificate
Completed high school 19.2%
None 0%

Employment status Employed full-time 46%
Employed part-time 15.4%
Not working 4%
Retired 34.6%
Prefer not to answer 0%

Level of comfort with computer/ Very uncomfortable 0%

internet usage Somewhat uncomfortable 0%

Neutral 7.7%
Somewhat comfortable 26.9%
Very comfortable 65.4%

Frequency of internet usage More than once per day 80.8%
Once per day 19.2%
Once per week 0%
Less than once per week 0%

variety of concrete terms to describe their experiences, including “being
told,” “getting the lecture,” “waffle,” “blah, blah, blah,” “rubbish,”
“mumbo jumbo,” “full of scientific terms,” “all the dribbly drab,”
“wishy-washy,” “BS,” and “in double Dutchness.”

“Some of them just waffle, some of them are not laymen terms and,
uh, they get too involved in the medical side of it, and they lose
someone that's not, you know, a medical person. It's so involved you
just, honestly, you need a degree, well, a medical degree to under-
stand it all.” P5, Group 3.

There was an underlying desire to have information presented in
simple terms they could understand. In addition, information that was
short and to the point was seen as highly valuable. Otherwise, they
indicated they most likely felt overwhelmed and would disengage very
quickly.

3.1.2. Situational food environments as an influencer of adherence

The situations participants commonly find themselves in were
described many times—workplaces, traveling, restaurants, cafes, fast
food outlets, family, and social occasions. These are all situational food
environments where they find adherence to healthy eating more chal-
lenging. Overall, participants communicated that resources to support
better dietary choices and decisions in various contexts could support
them to maintain consistency in their eating plan.
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“To have ideas, like where you can eat, what you can eat when you
go out, and what you shouldn't eat. I do a bit of traveling, so it's just
sort of like, what do you get? And you just end up at McDonald's or
somewhere. But having a couple of options that you know, like
there's something here that can be one of those options, then you're
gonna go for that and give it a go and eat better.” P1, Group 1.

3.1.3. Content relevance as an engagement enhancer

As noted above, content relevance was viewed as highly important
and was the topic of much discussion throughout groups. When pro-
vided with relevant information, there was indication of enhanced
engagement.

“It's just made me start looking, not just from the sugar content, the
carb content in things as well. Before, I just looked at the sugar and if
it was high or low, and I was just kind of buying stuff on that.” P4,
Group 4.1.

The concept of convenience was highlighted, as participants
frequently need to meet the challenge of maintaining a healthy eating
plan amidst juggling life commitments, which often induce significant
time burdens upon them. Thus, they emphasized a need for resources
they could use practically. Recipes were continually viewed as a favor-
able resource, as participants noted that having new ideas could prevent
falling into a “rut routine” or “get sick of the same old stuff.”

Discussion around personalization and preferences arose. Partici-
pants realized their eating preferences differed from one another. Thus,
in general, they preferred to personalize their eating plan within the
intervention guidelines rather than having everything planned explicitly
for them. It also became apparent that perceived usefulness was
anchored in providing enough flexibility in the guidelines to be realistic
enough to be followed.

“I'd just like to say, um, I like the very opening where you say look,
um, just keep an eye on the carbs but don't get sort of hung up on the
details, you know, you can eat until you're full, things like that. Very
often, you get very strict regimes, you know, where people really
almost tell you off, and then go on to a very excessive sort of diet
proposal, when I suppose, I switch off because, I think to myself well,
that's a bit too abnormal.” P2, Group 4.1.

3.2. Intervention development

Participant feedback provided an actionable list of intervention de-
velopments (Appendix 2, Table 1). Content relevance was the predom-
inant focus and included editing or adding new resources to support the
users in various contexts. Modifications related to aesthetics and func-
tionality included rearranging or renaming navigation labels, increased
use of imagery, and reorganizing or cross-checking resources. Feedback
obtained from participants about communication and presentation
contributed to the theoretical framework that informed the creation of
weekly structured behavior change modules. The theoretical framework
consisted of three aspects: 1) self-efficacy theory [41]—a key determi-
nant of self-management behavior in T2D [42-45]; 2) positive message
framing—framing messages to emphasize benefits [46,47]; and 3)
persuasive technology principles—such as dialogue support to prompt
behavioral actions [12,48]. The weekly modules were presented with
short videos, summaries, recipe suggestions, and action steps (Fig. 2).
These formats were confirmed via the literature to address literacy levels
and improve engagement and outcomes in T2D [10,46,49,50].

3.3. Feedback from the two-week field test and user experience polls
The results of the user experience polls are outlined in Fig. 3. The

highest mean scores were seen for ‘usable’—signifying ease of use; and
‘accessible’—representing appropriate communication and suitable
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Week 2 Modules

O T2Diet guidelines recap O Benefits of fibre O Understanding T2D O Healthy blood sugar O Recipe suggestions O Action steps

Week 2: Benefits of Fibre (Video - 4:05 minutes)

> ;

£

Include a wide variety of

-

all 3

Types of Fibre
The main types of fibre are:

¢ Soluble fibre: creates gel-like substances to slow and support digestion
¢ Insoluble fibre: forms bulk to help improve digestion and remove waste

e Resistant starch: feeds beneficial gut bacteria

All types of fibre are important and can be found in many nutrient dense plant foods including vegetables, fruits,
beans and legumes, nuts and seeds.

Daily Fibre Recommendations
Women: at least 25 grams per day
Men: at least 30 grams per day

Do your best to include fibre-rich foods in your menu each day.

Fig. 2. Example presentation of the weekly structured behavior change modules.

delivery methods. In response to the two-week intervention field test, “My first shop, once I got my first emails, I went to the fruit and
the group discussions highlighted factors of the user experience that veggie area, which was really good. It just made me more aware.” P1,
participants considered important (Appendix 2, Table 2). Participants Group 4.2.

indicated they largely enjoyed their experience and benefited from
engaging with the intervention. The self-reported benefits included
improved food shopping and eating behavior, and increased motivation
toward positive health behavior.

Participants confirmed that the presentation format of the weekly
modules was suitable, which appeared to promote a positive user
experience.
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Usable

Valuable

8

Desirable

Findable

Credible

Accessible

emmwParticipants' (n=10) mean values, rated on a scale of 0 (worst experience) to 8 (best experience)

Fig. 3. The User Experience Radar [40] displaying results from the user experience polls.

“It was incredibly helpful the way it was so logically presented each
week, you know to follow the, the tabs and what's coming up.” P1,
Group 4.1.

No significant usability issues were identified by participants in
terms of navigation, technical difficulties, and link errors. Noted by one
participant were minor errors in a few of the recipe instructions. Inter-
estingly, they indicated these minor discrepancies had the potential to
reduce their sense of credibility of an intervention. This indicated
careful revision of all resources was required. In addition, email delivery
was noted as problematic by one participant, as the notifications did not
reach their inbox but went to the spam folder.

4. Discussion

The purpose of this paper was to describe the user-centered approach
undertaken in the T2Diet Study to develop a new web-based dietary
intervention for adults with T2D. To the best of our knowledge, this is
the first paper to do so in the context of a web-based T2D dietary
intervention. Intervention development involved four iterative phases,
collecting primary data from users alongside reference to evidence and
theory. This combination generated a variety of valuable outcomes: an
actionable list of suggestions to apply to intervention development;
feedback to guide the theoretical framework and structure for the
intervention; multiple opportunities to evaluate iterations and incor-
porate user feedback; valuable insights into the user experience across
the seven domains; and valuable observations that indicated the inter-
vention is likely to be relevant and appealing to our target group.

Importantly, the results of our user inquiry met our objective of iden-
tifying factors that may facilitate better adherence and engagement in
our target users. The main factors noted by participants included
providing relevant information that is easy to understand and positively
communicated, providing practical resources that can support them in
various situational contexts, and flexibility in the guidelines to tailor to
personal preferences. In addition, participants noted the value of having
resources they could trust that were easy to access when required.
Similar to our approach, the web-based comprehensive T2D health
interventions developed by Dack et al. [19] and Yu et al. [22] were
evidence and theory-based, used small focus groups to capture rich data
from users, and used an iterative development approach. Across the two
studies, there were similarities to our findings in terms of potential
barriers and facilitators of engagement. In particular, patient-centered
positive communication style, access to information, and relevance of
content were noted. International diabetes guidelines express the
importance of patient-centered communication in any setting, along
with facilitating access in terms of literacy [2,51]. In contrast to our
approach, neither Dack et al. [19] or Yu et al's [22] previous in-
terventions developed structured modules, which have been suggested
to facilitate improved T2D self-management [2]. The results of the
above-mentioned interventions varied. Dack and colleagues' [19]
intervention was effective for reducing the clinical outcome hemoglobin
Alc but not diabetes distress. Yu and colleagues [22] found no effect on
self-efficacy, diabetes distress, or clinical outcomes. Interestingly, Yu
et al. [22] interviewed participants post-intervention, who noted a lack
of practical resources. This highlights one of the most valuable insights
from our user inquiry—that inclusion of practical context-based
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resources may be one particularly effective strategy to facilitate greater
adherence and engagement to web-based interventions—as practicality
was frequently noted by our participants.

As suggested in Section 1 Background, only one previous study had
implemented a user-centered approach in the context of web-based T2D
dietary interventions [4]. The Malaysian Dietary Intervention for People
with Type 2 Diabetes: An e-Approach (myDIDEA) [18,23] engaged a
user-panel of T2D participants to pilot test the intervention website.
After receiving feedback from users, the authors implemented changes
to the intervention. This may have contributed to the low drop-out rate
seen in the study intervention group, compared to higher drop-out rates
in other web-based T2D dietary intervention groups [4]. However, the
authors [23] failed to report how the user-centered approach influenced
their intervention and how any changes or user feedback may have
influenced study results. Understanding these factors is important to
advance the field. The effect of employing a user-centered approach
cannot be thoroughly evaluated until post-intervention. Therefore,
reporting evaluations and reflections related to intervention outcomes
will provide important insights for future researchers [52] and could
generate useful reviews as the body of evidence in this space increases.

4.1. Strengths and limitations

Strengths of our approach included the involvement of users com-
bined with an evidence- and theory-based approach throughout the
iterative development process; and engagement of a heterogeneous
sample of participants in terms of various ages, duration of diabetes,
education, and employment status. Our user-centered inquiry was con-
ducted online, which could be viewed as a strength in the sense that
participants involved may have been more motivated to participate in
this form of digitally-delivered intervention. However, it could also be a
limitation as we may have missed capturing feedback from participants
in the community who were less comfortable with computer/internet
usage. While this study involved a larger proportion of females, males
were involved across all phases of group discussion. Future research
could look to acquire feedback from a more even split of genders. In
addition, our sample may not be generalizable to the entire T2DM
population. Future researchers could conduct a similar process inde-
pendently in different samples, countries, or contexts. While there is no
standardized method for implementing a user-centered approach [15],
we did not include more complex usability testing methods such as
participant observation or think-out-loud exercises, which frequently
involve face-to-face engagement. However, based on previous literature
we did have an adequate sample size, which was sufficient to identify
potential usability problems [32]. Another limitation is the necessity,
due to funding and pragmatic reasons, of restriction to a sample that
already had internet access and were English-speaking, which may have
missed particularly vulnerable participants (e.g., very low income,
different cultural/ethnic groups). Future research should look to inves-
tigate and address the contexts of these users.

5. Conclusion

This paper described the iterative user-centered approach to develop
a new web-based dietary intervention for adults with T2D. Primary
feedback from users indicated key strategies to improve adherence and
engagement in this target group were providing relevant trustworthy
resources that were easy to access and positively communicated, prac-
tical resources to support users' across various contexts, and flexibility to
tailor intervention guidelines to personal preferences. Insights derived
will be helpful to other researchers and developers to inform future
digitally-delivered dietary interventions for adults with T2D, or to
inform a similar user-centered approach for other chronic health
conditions.
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