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ABSTRACT
In order to support community-dwelling older adults with
healthy eating behaviours, Embodied Conversational Agents
(ECAs) may be an effective and engaging medium. However,
ECAs have not yet been found to be capable of engendering
behaviour change, which is partly attributed to the absence
of a match with users’ practices, needs and preferences.
Hence, we describe a co-design process with older adults
that informs both the content and the appearance of an ECA.
Data was gathered through three consecutive iterations of
co-design sessions with two groups of community-dwelling
older adults in the Netherlands. Prior to the first session, par-
ticipants completed a seven-day lifestyle diary. This study
adds knowledge on the meaning of healthy eating, as well as
on specific barriers to, and opportunities for, giving advice
using an ECA in this target group. Furthermore, we translate
this knowledge into general advice for designing an ECA in
the context of health behaviour change, while reflecting on a
co-design process with older adults.
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Introduction

To help prevent or reduce the risk of chronic disease, support a healthy body
weight, and enhance quality of life, community-dwelling older adults are recom-
mended healthy eating patterns (DeSalvo, Olson, and Casavale 2016;
Govindaraju et al. 2018). In the Netherlands the National Health Council
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summarizes scientific evidence into the guidelines for a healthy diet. These
guidelines are communicated by nutrition agencies to general populations and
specific groups (e.g. through the Wheel of Five from the Netherlands Nutrition
Center). A recent review suggest that factors influencing eating behaviours
among this group interact across three domains: physiological changes associ-
ated with ageing (e.g. taste, loss of appetite, and mobility limitations); psycho-
social aspects (e.g. living alone, self-perceptions of health, and a desire to
maintain independence), and personal resources (e.g. mobility and health liter-
acy and skills) (Host et al. 2016). It is essential that interventions targeting eating
behaviours of community-dwelling older adults consider these factors.

The use of digital technologies to improve health bears the potential to
achieve this aim, and is gaining interest as a way to address health behaviour
change. As such, in recent years, several eHealth interventions improving eat-
ing behaviour have seen the light of day (Gasser et al. 2006; Rabbi et al. 2015;
Robinson et al. 2013). One specific type of eHealth technology are Embodied
Conversational Agents (ECAs). ECAs can be defined as ‘more or less autono-
mous and intelligent software entities with an embodiment used to communi-
cate with the user’ (Ruttkay and Pelachaud 2004). Because establishing and
maintaining an empathic relationship is the most crucial factor for successful
lifestyle coaching (Brandt et al. 2018), ECAs present a promising health coach-
ing tool (Bickmore, Caruso, Clough-Gorr, and Heeren 2005; Provoost et al.
2017). In addition, compared to real-life coaches, ECAs are always available
and can offer support when it matters most: immediately before or after spe-
cific behaviour (Brinkman 2016). ECAs have great potential among our target
group as well, as earlier studies show high ratings of acceptance, enjoyment
and usability of ECAs among older adults (Bickmore, Caruso, and Clough-Gorr
2005; Bickmore, Caruso, and Clough-Gorr 2005; Bickmore et al. 2013; Ponathil
et al. 2020; ter Stal et al. 2020). An example is ‘Sylvia’, which can be seen in
Figure 1 (ter Stal et al. 2020). Sylvia is part of a frailty assessment web app,
and aims to counter frailty by offering older adults training modules in the
domains of healthy nutrition and physical and cognitive training. However,
although a recent review including 20 intervention studies shows that ECAs in
the health context are more engaging then interventions without an ECA,
they are not always successful in engendering an actual change in behaviour,
knowledge or motivation (Kramer et al. 2020).

Despite the positive reactions from the target group towards ECAs, the tech-
nology is not yet successful in creating actual change. A recent review (Kramer
et al. 2020) suggests that target groups own views are usually not sought to
inform the design process of ECAs in the field of health behaviour change. This
could result in a mismatch between the actual design and users’ practices, needs
and preferences, and therefore lower uptake and impact (van Gemert-Pijnen
et al. 2011). Human-centred design (HCD) aims to diminish this mismatch
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through an iterative approach in which researchers and designers cooperate
with, and learn from, potential users in all steps of the design process (Norman
2013). Cooperation can be operationalized via co-design, a creative process in
which users, researchers and designers actively collaborate and jointly explore
the needs and goals of the end-users and the technology. The process includes,
for example, jointly exploring and envisioning ideas, creating and discussing
sketches, and tinkering with mock-ups or prototypes (Steen 2011). Co-design is
thus not simply asking users what they think of your design, but rather involving
a group of users throughout the entire process and actively working together.
This process is linked to an improvement in both impact and uptake of eHealth
technologies (van Gemert-Pijnen et al. 2011).

Given the increasing prevalence of diet-related, noncommunicable dis-
eases among community-dwelling older adults, and the potential of ECAs,
there is a strong case for applying an ECA for supporting healthy eating
behaviour. Therefore, the aim of the current paper is to describe a co-design
process with older adults that informs both the content and the appearance
of such an ECA. This study thus adds knowledge on the meaning of healthy
eating, as well as on specific barriers to, and opportunities for, giving advice
using an ECA in this target group. Furthermore, we translate this knowledge
into general advice for designing an ECA in the context of health behaviour
change, while reflecting on a co-design process with older adults.

Methods

Participants

In this study we involved community-dwelling older adults in the
Netherlands. We defined community-dwelling older adults as people who

Figure 1. Example dialogue with ‘Sylvia’ (ter Stal et al. 2020).
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are retired and live at home. Participants were recruited in close collabor-
ation with the National Foundation for the Elderly (NFE), a non-profit organ-
ization that aims to combat loneliness among older adults, via social
activities and personal encounters. In this study we particularly involved par-
ticipants of the ‘community plus buses’, as these are existing communities of
people who conduct activities together. This made it easy for practical rea-
sons as well as in organizing the discussions. We sent out an invitation to
coordinators of these community plus buses. Two coordinators responded
positively, one of whom was located in the country side, and the other one
was located in an urban region. We asked these coordinators to invite partic-
ipants for our co-design sessions, which took place at a cheese factory, farm/
country store and the headquarters of the NFE. The two groups participated
separately in a first and second session, and were merged for a third session
(see Table 1). Not all participants were able to join all sessions, because of ill-
ness and planning issues.

Procedure

Two weeks prior to the first session, participants received an information
package. This package contained an information leaflet, an informed consent
form, a seven-day diary, and a disposable camera. Participants were asked to
fill out the diary prior to the first session, and to bring the consent form,
diary and camera. Participants were brought to the site where we held the
session, subsequently received a lunch, and were then invited to join a fun
activity (visiting a cheese factory and farm/country store). During all sessions,
discussions were held as open as possible, by allowing participant to share
any views and information they brought forward. Moreover, the moderators
actively looked for the broadest range of perspectives, including opposing
views. Each session lasted for approximately four hours. At the end of the
last session, participants received a cook book to thank them for participa-
tion, and were offered a newsletter informing them about follow-up studies.
The protocol and all research materials were submitted to and approved by
the Social Ethical Committee of Wageningen University & Research (CoC
number: 09215846).

Table 1. Study setup, number of participants per session (session 1 and 2 were split)
and aim.

Participants Aim

Diary N¼ 13 Trigger participants to think about their lifestyle
Session 1 N¼ 4 N¼ 8 Identify factors contributing to healthy living and (un)healthy eating
Session 2 N¼ 4 N¼ 7 Explore healthy eating advice
Session 3 N¼ 9 Create the appearance of the ECA and its communication style
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Diary
The aim of the diary was to obtain background information of the partici-
pants, and to trigger participants to think about their lifestyle. For demo-
graphics, participants were asked about their gender, age, educational level,
household composition, marital status and number of children. To gain
insight in participants’ lifestyle, a combination of questions (e.g. ‘Are you sat-
isfied with your surroundings?’) and assignments (e.g. a mind map) were
used, based on the six aspects of the Positive Health framework; bodily func-
tions, mental functions and perception, spiritual and existential health, qual-
ity of life, social and societal participation, and daily functioning (Huber et al.
2016). Via a daily food diary sheet, participants were asked to write down
what they consumed, with whom, by whom it was prepared, and whether
they ate differently to usual. In addition, participants were asked to take a
picture daily (e.g. of their plate or fridge), in order to visualize the food con-
text. The estimated time to fill out the diary was ten minutes a day.

Session 1
The aim of the first session was to identify and understand the factors contri-
buting to healthy living and (un)healthy eating, and the context in which
these take place. Apart from the introduction and conclusion, the session
consisted of two parts:

� Questions: ‘What does a healthy lifestyle mean to you?’ and ‘What does
healthy food mean to you?’ Answers were first written down individually
by participants, followed by a plenary discussion during which all answers
were written down on a flip-chart by the moderator, thus creating a list
of answers. Then, the favourite answers were chosen by the group.

� Assignment: Participants received answering sheets and sticky notes, and
were asked to use their diary to categorize consumed foods and their
degree of healthiness. They then were asked to add a description of the
moment during which unhealthy items were consumed. Next, small
groups were formed and participants provided advice to each other on
the moments of unhealthy eating. The assignment was followed by a
plenary discussion.

Session 2
The aim of the second session was to explore healthy eating advice consid-
ered suitable by older adults. The session consisted of the following ques-
tions and assignment:

� Questions: ‘What would be the preferred way to approach you about
healthy eating?’ and ‘What kind of tone of voice should these messages
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have and how does such a message reach you?’ Answering sheets were
provided (see Figure 2), and the assignment was followed by a plen-
ary discussion.

� Assignment: Three personas and scripts (both based on the first session)
were presented to subgroups. The central question was: ‘What kind of
advice could be given to the fictitious person in the story and what kind
of signals/sounds/tone of voice (e.g. sound, vibration, voice; also see
Figure 2) could become part of the storyline?’ Participants received
answering sheet containing a 7-day timeline (see Figure 2), which they
were asked to fill in, in order to create an overview of the number, time,
and type of healthy eating advice. All timelines were discussed afterwards
in plenary.

Session 3
The aim of the third session was to create the appearance of the ECA and its
communication style. Both groups were merged and, after an introduction,
the session started by introducing and discussing the concept of the ECA,
whereby no visuals were used. This session consisted of two assignments:

� Assignment 1: Visualize what an ECA should look like according to you.
Magazines, scissors, pencils, tape and other tools were provided. After an
hour, each participant was asked to explain his/her design choices and
elaborate on the personality and role of their ECA.

� Assignment 2: Three written dialogues with the same content, but differ-
ent in length and tone of voice were provided (based on previous ses-
sions). Participants were asked to choose one of the three dialogues as
their favourite dialogue and to provide a rationale for their choice, which
was discussed afterwards.

Data analyses

Scans were made of the diaries, pictures, answering sheets, and work-sheets.
Audio recordings of the sessions were transcribed verbatim by an

Figure 2. Answer sheets sessions 2. Note. English translation: ‘From whom would you like to
receive tips and advice regarding healthy eating/living?’ ‘Which signal/sound/‘tone of voice’
do you prefer?’ ‘Sunday, Monday, Tuesday. Timeline’.
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independent agency and reviewed by the research team for accuracy by
comparing the audio recordings with the written transcripts. Pseudonyms
were developed for each participant to maintain confidentiality. All data was
uploaded in ATLAS.ti qualitative data analysis software. Analysis was guided
by a thematic analysis approach, and combined a deductive and inductive
approach (Braun and Clarke 2006). Literature was used to define deductive
codes, and consisted of the framework for Positive Health (Huber et al.
2016), a list of food groups used to define aspects of healthy eating
(Margetts et al. 1997), a list of perceived benefits of healthy eating (de
Almeida et al. 2001), a list of perceived barrier statements towards healthy
eating (Lappalainen et al. 1997), and a list of behavioural change techniques
(Michie et al. 2013). One researcher (LK) read and reread all transcripts in
order to identify an initial list of inductive codes. The codebook was further
developed independently by two researchers (LK, MB), merged, and differen-
ces were discussed, leading to a final and agreed upon codebook. This code-
book was used to create thematic maps to cluster and categorize the data.
The following four themes emerged: Better diet, source and medium of
healthy eating advice, ECA and other. The following thematic maps were cre-
ated: Healthy living, healthy eating, perceived barriers, healthy eating advice,
and personality traits. See Figure 3 for two of these thematic maps.

Results

Demographics

The total sample consisted of one male and twelve female participants, ranging
from 69 to 92 years of age (M¼ 88, SD ¼ 7.04). A majority completed at least
high school (8/13), other participants’ highest completed level of education was
college education (2/13), vocational education (2/13) and elementary school (1/

Figure 3. Thematic maps healthy eating and perceived barriers for healthy eating.
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13). Most participants were single; almost all had been married (12/13), but their
partners in most cases passed away (11/12). Thus, only one participant was living
together with their spouse. More than three-quarters of the sample had children
(10/13), ranging from 1 to 4 children (M¼ 2), all of which had left the paren-
tal home.

The diary

Understanding the context
Typical eating behaviour of participants included having a cracker or yoghurt
for breakfast, two sandwiches for lunch, and potatoes with vegetables and
meat for diner (see Figure 4). S/he consumed what s/he had planned,
and often consumed the same foods every day (especially for breakfast and
lunch). The meals were usually prepared him- or herself, and eaten without
company. Daily activities often consisted of household chores, spending time
on the computer, reading a book or the newspaper, and, if possible, some
form of physical activity (e.g. walking or cycling). In order to increase self-
perceived health, a good dietary pattern and ample physical activity were
deemed important. Physical limitations were experienced as an important
obstruction to perform various physical activities, such as spending time out-
doors. Overall, the quality of life was rated as quite satisfying, although lone-
liness, and a lack of social contacts, was often mentioned as a major factor
for a poorer quality.

I would like to have more contacts, but everybody is busy. (F, 88)

The sad moment at the end of the day when eating alone and coming home
alone. (F, 69)

After filling out the diary for seven days, participants often indicated how
much they appreciated the attention which was given to older adults in gen-
eral via this study. They also mentioned regularly that the diary made them
more aware of their current eating behaviours.

With great pleasure I have completed this diary, and look forward to discussing all
these topics with others. Thank you for organizing this course for the older adults.
(F, 85)

The co-design sessions

Creating content: healthy living
The most important aspects of healthy living mentioned could be divided
into four themes: ‘social context’, ‘autonomy’, ‘positive mindset’ and ‘nature’
(see Figure 3). The social context, related to not feeling lonely and having
many social contacts, was mentioned most often. For example, one
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participant moved to another neighbourhood where she could be with peo-
ple her age. For her, this was an important step to increase her quality of
life. The second theme, autonomy, referred to the desire to maintain inde-
pendence in old age. One participant explained this by telling a story of

Figure 4. Pictures of a meal (participants, from top to bottom: F, 92; F, 84; F,83).
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how her grandchildren kept mentioning that ’mommy wants to do it herself’.
This also included dealing with physical limitations, which were discussed
frequently, as these were seen as limiting a healthy life. For example,
because of mobility limitations participants were not able to visit family
members, or because arthrosis made it difficult to go cycling. Two other
themes were having a positive mindset and spending time in the nature.
They agreed it was important to think positively, which made them feel hap-
pier. Furthermore, they felt they were living healthier when frequently
spending time in nature, which made them feel good. Three out of four
themes, and how they are interrelated, were perfectly summarized by one of
the participants during the session:

I wrote down mens sana in corpore sano. And that means a healthy mind in a
healthy body. Well having said this, this obviously means a lot. For me, that means
that you feel comfortable by lots of open air, not too much food and drinks, good
contacts with neighbours around you and no illness please. (F, 75)

Creating content: healthy eating
The most important aspects of healthy eating could be divided into the
themes ‘balanced’ and ‘mindful’ (see Figure 3). In addition, fresh and natural
foods were also mentioned a couple of times as being healthy.

Balanced was by far the most important theme, and was mentioned often
and throughout all sessions, both related to a healthy lifestyle in general and
to healthy eating more specifically. When discussed further, three subthemes
emerged for balanced. The first subtheme was ‘eating regularly’, and meant
eating throughout the day and at set times. Participants explained that it
was something they had learned when they were young. The second sub-
theme was ‘eating variedly’, and referred to the consumption of different
foods every day. For example, different spreads on bread and different kinds
of fruits. The last subtheme was ‘eating in moderation’, referring to eating a
suitable portion size. Participants commented that they did not feel well
when they ate too much.

Mindful referred to the activity of eating, beyond the actual consumption
of foods. Two subthemes emerged; ‘ambience’ and ‘consciousness’. Ambience
referred to making the meal ’cosy’, for example by sitting at the table with
candle light. Although some felt it was too confronting to make it cosy, since
it put the emphasis on being lonely. Consciousness referred to the enjoying of
food, via little bites and with all attention towards the process of eating.

Creating content: perceived barriers and healthy eating advice
When discussing the perceived barriers of the participants towards healthy
eating, four themes could be distinguished: ‘Physical limitations’, ‘hedonic
motivation’ ‘loneliness’ and ‘knowledge’ (see Figure 2).
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A first and most often mentioned physical barrier towards a healthier diet
was the process of buying and preparing food. When the body ages, it was
often mentioned that these tasks become harder and cost too much effort.
The participants also discussed the use of meal-delivery companies, but were
rather negative about the quality and service. A second physical limitation
was the loss of appetite, both for foods and drinks. Participants found it diffi-
cult sometimes to remember to eat if their body did not indicate any appe-
tite. During the session, we asked participants to share pieces of advice with
others, in order to help them overcome their perceived barriers. Although
not all participants were interested in changing their eating behaviour, they
all actively contributed to the discussion and had clear ideas and opinions.
When discussing the pieces of advice, it became clear that a variety of prac-
tical tips was already applied. These include buying pre-cooked vegetables,
asking for smaller senior portions in restaurants, or spreading cooking activ-
ities over the day. Participants also mentioned how they liked learning from
each other, and already applied various advice from other participants in
between sessions.

I prefer self-cooked. And I find that difficult these days. Because I have a limitation
and then with the gas and the draining of hot water for your potatoes. That is hard
though. (F, 88)

Second, participants explained that they were motivated rather hedoni-
cally; they felt that they were old enough and should be allowed to ’cheat’
and ’enjoy foods’, for example, during birthday parties. This was confirmed
by the diaries, in which they reported that most ’unhealthy foods’ were con-
sumed during social activities. Some also felt that people should not be
‘forbidden’ to eat unhealthy foods. Participants were most interested in
receiving small and practical tips in order to ‘cheat less’. The tip mentioned
most often by the group was finding a healthier substitute. This related, for
example, to the ‘half past five moment’, when one craves something salty.
Instead of having some chips, they advised choosing a broth soup. Next
were the mindfulness tips. Similar to one of the definitions of healthy eating,
participants advised to eat ’consciously’. For them, this included listening to
their own body. For example, responding to signals when one has eaten
enough. Last were the practical tips, including doing groceries with a full
stomach, drinking plenty of water, and choosing a smaller portion size.

The topic loneliness recurred frequently during all sessions. During the dis-
cussion of healthy living, social contacts were often mentioned as an import-
ant driver for a healthy lifestyle. In relation to eating, an absence of others
to share a meal with seemed to instil a lack of willpower to prepare a meal.
A first barrier was that participants did not find it worthwhile to cook a meal
for one person only. Second, they did not feel comfortable to consume a
meal without company. When discussing the various type of advice, the
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piece of advice that was mentioned most often was to go out and contact
other people. Participants often mentioned that they cannot simply wait
inside for people to contact them. However, it was also indicated by multiple
participants that this is not always easy, as feeling lonely is often related to a
lack of energy for finding and maintaining social contact.

The theme knowledge related to a lack of expert consensus, something
which seemed to confuse them (e.g. with regard to drinking wine). They
found it rather confusing that scientific insights change over time, and it
made them follow their own common sense. This also related to a lack of
health literacy. Some particular foods were discussed, and it became clear
that health literacy differs among the participants (e.g. healthiness of orange
juice, nuts, and certain biscuits). Pieces of advice to overcome the knowledge
barrier consisted of looking online and in magazines for information.

From content to visualization: source and medium of healthy eating advice
We asked participants about who should give them advice and how this
message should reach them. Different suitable sources for bits of healthy
eating advice were found: ‘me’, children, and the culinary specialist. The first
person was the participant him or herself. Their reasoning was in line with
their aforementioned need for autonomy. They knew what is best for them-
selves and preferred to actively find information themselves, for example
through magazines or via the Internet. The second preferred source were
their children. Participants agreed that they generally accepted suggestions
with regard to healthy eating habits from their children. They could imagine
a video message by their children, which could be broadcasted via their tele-
vision, could be useful. A last source is the culinary specialist, for example a
cook. They generally agreed that the cook was a credible source when it
comes to preparing meals. Participants suggested for these messages to be
send via various cooking shows and cooking magazines.

When discussing the role of the dietician and GP, the opinions varied.
Participants agreed they were both a credible source. However, some partici-
pants associated a dietician and GP purely with ‘medical advice’ and found
them too patronizing, which made them not a suitable source for healthy
eating suggestions.

‘[I prefer my daughter] better than an annoying dietician, whom I have a fight with
within 30 seconds. You go to the general practitioner and then they will put you in
contact with a dietician. Please do, I am outside within two seconds. Because they
know, they only talk about apples and nuts and…’ (M, 69)

Visualization: appearance and communication style
When we first introduced the concept of an ECA in the third session, partici-
pants reacted with resistance and misperception towards the technology.
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Participants thought, for example, that someone behind the scenes needed
to control the ECA in real-time. However, this changed when one of the par-
ticipants shared her positive experience with seeing an assistive robot on
television. Thus, when the benefit of an ECA became clear, participants
seemed to rethink their opinion.

The assignment remained challenging for some participants. Most found it
easier to discuss their own health behaviour, over the design of a fictional
ECA. But in the end, all participants did design an ECA, although very differ-
ent from each other (see Figure 5). We did not provide an example, and par-
ticipants were free in choosing their own method. Some participants drew a
human-like figure, while other participants wrote about a strip figure (Tom
Poes), or created a mood board from magazines. During the plenary discus-
sion about their thoughts, ideas and design motivations we held afterwards,
it became clear that the style should be either a cartoon or realistic, but not
something in between. Participants mentioned that they found the in-
between styles rather scary. Regarding gender and race there were no clear
opinions. Ultimately, there were five commonly preferred personality traits:
‘friendly’, ‘warm’, ‘trustworthy’, ‘concerned’ and ‘competent’ (see Table 2).
The tone of voice should fit these characteristics, but very importantly, it
should absolutely not be patronizing, and should include some humour. This
was mentioned multiple times throughout the sessions, by different partici-
pants. They further mentioned that the preferred tone of voice depends on
the context.

Figure 5. Two ECAs as designed by participants.
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Discussion

Principal findings

Via the diary and co-design sessions, we explored how an ECA could support
community-dwelling older adults with healthy eating. The first main finding
is that older adults approach eating from a holistic perspective. This means
that they do not only evaluate eating in terms of nutrients, ingredients, or
components, but in terms of eating mindful and well-balanced. This holistic
perspective also means that it is important for developers to understand the
target group’s views on healthy living, in order to understand healthy eating.
Second, action planning and self-monitoring are the preferred approaches
towards changing eating behaviour among older adults. The aim is to
increase perceived competence levels, support autonomy and address feel-
ings of loneliness. The third and last main finding is that ECAs bear the
potential to support older adults with healthy eating behaviours in an
engaging manner. However, it remains important to consider possible under-
lying health issues many older adults face. Considering the context, these
principal findings should guide the development of the content of the ECA.
Finally, we propose three recommendations for designing the appearance of
the ECA.

Comparison with prior studies

We found that healthy living for older adults means that they are satisfied
with one’s social context, feel autonomous, have a positive mindset and
spend ample time in nature. This perspective on healthy living neatly aligns
with the Self-Determination Theory (SDT) of Ryan and Deci (2000). Briefly,
SDT postulates that human beings have three essential psychological needs
– autonomy (feeling of being the origin of one’s own behaviours), compe-
tence (feeling effective), and relatedness (feeling understood and cared for
by others). Both the social context and autonomy as identified in the present
study are clearly in line with the SDT. Feeling competent was not directly
discussed, but was reflected in the various practical skills discussed for

Table 2. Preferred personality traits.
Personality trait Example quote

Friendly ‘Friendly, not controlling. Then I am immediately antagonized… (F,88). Yes, I am old, not
retarded.’ (F, 75)

Warm ‘And also, with warm thinking, with a heart full of warm thinking. Yes, that’s that heart,
isn’t it?’ (F, 88)

Trustworthy ‘Helpful in the background, but [the agent] knows how to intervene at the right time.’
(F, 83)

Concerned ‘Offering a helping hand.’ (F, 73). ‘… and occasionally bring a flower for the weekend’
(F, 85)

Competent ‘.. it has to be sweet, intelligent, and able to participate in discussions’ (F, 84)

DESIGN FOR HEALTH 133



healthy eating participants mastered in order to cope with their (physical)
limitations due to the process of ageing.

Having physical limitations, feeling lonely, and lack of knowledge, were
experienced as barriers towards healthy eating. These barriers all fall within
the key domains of factors influencing eating behaviours, as identified in a
systematic literature review by Host et al. (2016). Our study adds hedonic
motivation, i.e. enjoying foods, to this list. As hedonic hunger is not predict-
ive of weight regulation (Burger, Sanders, and Gilbert 2016), it illustrates why
interventions should not prohibit the consumption of ‘unhealthier’ foods.
Instead, interventions should address the individual needs, and stimulate, for
example, healthier substitutes or eating mindfully. This is a change strategy
which is often applied in SDT-based interventions (Samdal et al. 2017). In the
present study, action planning and self-monitoring were mentioned as the
most suitable behaviour change techniques (BCTs), whereby practical sugges-
tions from peers could inspire other older adults. Research shows that these
BCTs, which facilitate self-regulation of behaviour, are indeed associated with
effectively changing healthy eating behaviours in the long term (Samdal
et al. 2017).

Design advice

The design of an ECA should, ideally, always be based on the needs and
preferences of the specific target group. Based on our study, we formulated
the following three pieces of design advice:

� Include the following personality characteristics into the ECA: friendly,
warm, trustworthy, concerned, and competent.

� Match the role of the ECA to the topic.
� Use informational, non-judgmental language and include humour.

Interestingly, the personality characteristics we identified via an open dis-
cussion resemble the most important personality characteristics identified by
ter Stal et al. (2019), following a card-sorting task. The exception is the char-
acteristic ‘warm’, which was deemed important in our study, and not in their
study. According to older adults, the personality characteristics of an ECA are
more important than their appearances (ter Stal et al. 2019). While co-design-
ing an ECA, we therefore recommend designers to ask users to rate the ECA
on these five characteristics, and, if needed, discuss how the design can be
improved to match these characteristics more closely.

When discussing the source of healthy eating advice, it became clear that
people have different preferences regarding the source of the advice, which
also depended on the topic at hand. For example, they found a cook
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suitable for receiving recipes, but preferred discussing more sensitive issues
with their children. This implies that different health topics might require
ECAs in different roles, providing different types of advice (van Velsen et al.
2019). However, none of the current ECA-based intervention consider differ-
ent roles (Kramer et al. 2020). We therefore advise to test whether the ECAs’
role (e.g. a cook or peer) matches the topic at hand (e.g. viewing recipes or
providing mindfulness tips).

The importance of using informational, non-judgmental language, is
reflected by the need for autonomy (Teixeira et al. 2020; Ryan and Deci
2000). According to Teixeira et al., one way to achieve this is by using lan-
guage that conveys freedom of choice, collaboration, and possibility. They
advise to avoid constraining, pressuring, or guilt-inducing language (e.g. use
‘might’ or ‘could’ instead of ‘should’ and ‘must’). In addition, we emphasize
the importance of using humour in the communication style. This is not a
new practice, as one of the first ECAs in the field of health behaviour change
already includes humour (Bickmore, Caruso, and Clough-Gorr 2005).

Reflection on a co-design process with older adults

We would like to emphasize how the process of co-design turned out to be
a positive experience for both participants and researchers. We aimed to cre-
ate an engaging setting, starting with the diary, which had an appealing lay-
out and a positive tone of voice. We also clearly emphasized that the older
adults were the experts. So, we also treated them in this way, and men-
tioned that their important contribution was used to generate new scientific
insights. In addition, we arranged transport, lunch and an appealing location.
This setup required a rather high time (and financial) investment, but did
return in an intrinsic motivation of participants to discuss their lifestyle and
nutritional pattern, and to share emotional stories. At the end of the last ses-
sions, participants were even eager to being kept informed about the project
and participate in any further studies. They also let us know that they highly
appreciated the attention which was given to them as a group.

Conclusion

We explored how an ECA could support older adults to improve their eating
behaviour. Therefore, a thorough understanding of the drivers for their
behaviour is needed. It is important to realize that older adults do not evalu-
ate food in terms of nutrients, but in terms of eating mindfully and in a
well-balanced manner. Furthermore, the broader concept of healthy living
needs to be understood in order to understand healthy eating. The preferred
behaviour change techniques towards healthy eating behaviour are action
planning and self-monitoring. These techniques should aim to increase
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perceived competence levels, support autonomy and address feelings of
loneliness. An ECA has the potential to support older adults in this, whereby
a combination of humour and the use of non-judgmental language is an
important asset. Designers are advised to select the right role for the ECA,
combine the most important personality characteristics, and use informa-
tional, non-judgmental language, as it increases the chance of engendering
behaviour change.
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