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for Just-in-Time Adaptive Digital Coaching in digital coaches in general. The steps are 
visualized in Figure 2. 
 

 
Figure 2. Visualization of the steps used to investigate a framework for Just-in-Time Adaptive 
Digital Coaching 

 
  







16  
 

When defining the dietetic diagnosis and setting the main- and subgoals, the 
International Classification of Functioning, Disability, and Health (ICF) scheme from WHO 
(2001) can be used, as is shown in Figure 4. To work with the ICF scheme for dietetic 
diagnosis, the data that is collected in the dietetic research should be placed in one of the 
five categories of the scheme (Becker-Woudstra et al., 2012). These five categories are (a) 
body functions and structure, (b) activity, (c) participation, (d) environmental factors, and (e) 
personal factors. These data can then be analyzed and interpreted, and relationships 
between the categories can be identified, which will lead to the diagnosis. When setting 
goals, all five categories of the ICF scheme should be covered. 
 

 
Figure 4. ICF scheme (ICF Education, n.d.). 

 
Dietetic consults allow for setting nutritional goals and acquiring subjective data on 

personal characteristics, experiences, and context. However, the limitations of not being 
present all day with the client and lacking access to objective information, discussed for 
professional coaches in general, also holds for dieticians and the dietetic treatment. The 
digital food coach Liz (ConnectedCare b.v.) can be used to overcome these limitations.  
 
2.3 The Digital Coach Liz 

The digital coach Liz of the company ConnectedCare is a personal, digital coach that is 
designed to be an extension of a dietician. Liz is developed to assist elders at home to reach 
their dietary goals and give dieticians a better insight into what happens in between the 
consults. Liz does this by reminding the elder that it is time for a meal, by activating the elder 
to eat the meal, and by monitoring the food intake of the elder. In addition, Liz aims to be a 
social companion for the elderly. The Digital Coach Liz is embodied, which refers to having a 
representation of a body, either physical or simulated. Liz has a physical representation of a 
body, as can be seen in Figure 5. She has a head, hands, a tablet torso, and feet. As the hands 
and face are projected on the screen, Liz can display different emotions and hand gestures.  
 



17  
 

 

 
The scope of where Liz actively stimulates clients to reach dietary goals can be split up 

into three moments, namely the run-up to the mealtime, the mealtime, and the end of the 
mealtime. An overview of the decision points is visualized in Figure 6. The run-up to the 
mealtime refers to the moment from the intention to start a meal until the meal has been 
prepared and put on the table. The run-up to the mealtime consists of two possibilities: the 
elder starts the preparation themselves, or the elder does not start preparing themselves. 
The mealtime runs from when the meal is put on the table until the end of the mealtime. 
During the mealtime, two scenarios can occur, namely that the elder is eating the meal or the 
elder is not eating the meal. While it is possible that only one of the scenarios occurs during a 
mealtime, for example when an elder eats continuously or does not eat one bite, it can also 
be that the scenarios occur alternately, when a bite is followed by a long moment of not 
eating. The end of the mealtime refers to the moment when the elder puts away the dishes 
and possible leftovers. This can be either because the meal has been finished or the elder 
does not want to eat anymore.  
 

 
Figure 6. Overview of scope of Liz.  

Figure 5. The Embodied Digital Coach Liz. 
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In the current prototype of the digital coach, Liz is not yet adapted to the user state 
and user needs, so personalized feedback and persuasive strategies are not possible yet. 
However, Liz is only at the beginning of its development. After further development, it has 
the potential of becoming an adaptive, personalized digital coach that is tailored to the 
individual. It is, therefore, a well-suited technology to employ Just-in-Time Adaptive Digital 
Coaching. This paper aims to propose a framework for this adaptive, personalized digital 
coach and investigates how Liz should employ this framework for Just-in-Time Adaptive 
Digital Coaching to match the user state and satisfy the needs and desires of the client.  
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3. User Research 
To get a better understanding of both the elderly and the dieticians and their 

interaction moments, semi-structured interviews were held by using Microsoft Teams with 
dieticians to gain in-depth knowledge about what the current dietetic treatment for 
malnourished elderly entails; that is what barriers elderly encounter, how elders differ from 
each other, and how dieticians adapt their advice and approaches to each elder and how 
they determine what strategy to apply to whom. These results can then be used as input for 
the framework for just-in-time adaptive digital coaching. In addition, it contributes to the 
discussion of how a digital coach can assist users and professional coaches in eliciting 
behavior change.  
 
3.1 Method 

3.1.1 Participants 
For this research, eight interviews were held with dieticians who have experience 

with treating fragile elderly. All participants were female. The age ranged from 22 to 33, with 
a mean age of 27.8 and a standard deviation of 3.9. Participants were retrieved through a 
recruitment message on LinkedIn and by calling dietician practices. All dieticians had 
experience with treating fragile elders. As all dieticians were from the Netherlands, the 
interviews were held in Dutch to be better able to express themselves.  
 

3.1.2 Measurements 
For the interviews, an interview scheme was created to make sure that the general 

direction of the interview would be the same for every participant. First, questions were 
asked to get to know the dietician. Second, questions were asked to form personas, namely 
about the problems and causes of malnourished elderly and the awareness, motivation, need 
for control, and need for feedback of the elderly. Third, questions were asked about the 
dietetic treatment itself, namely regarding the tools they use during the dietetic treatment, 
the interaction between clients and dieticians, what they would do if they could be with a 
client constantly, and when a dietetic treatment was considered a success. Last, dieticians 
were asked how the digital coach Liz could complement the dietetic treatment for them and 
the client. The complete interview scheme can be found in Appendix A. 
 

3.1.3 Procedure 
Before the interview started, participants were sent an invitation link to Microsoft 

Teams together with the informed consent form. Before the interview, the dietician signed 
and sent the informed consent form. At the time of the interview, both the interviewee and 
interviewer joined the meeting. First, the participant was asked if everything was evident 
with the informed consent. The purpose of the interview was explained, and the digital coach 
Liz was introduced. Then, after informing the participant, the recording was started and the 
interview was held. The interview scheme was followed, but follow-up questions were asked 
where needed. At the end of the interview, the participant was thanked and debriefed about 
what will be done with the data.   
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next consult, the client has to try to adhere to the treatment plan as advised by the dietician 
to reach the dietary goals. Although the dieticians wished to be able to be present all day 
with the dieticians so they could monitor the progress and stimulate the elders to eat their 
meals, due to time and costs constraints, this is not possible. To still be able to assist the 
elders when executing the mealtime, dieticians use several strategies with the purpose to 
inform, remind, or motivate the elder. However, not all strategies are effective for everyone, 
and using the wrong strategy might be counterproductive. Therefore, it is important to 
understand what someone wants and what type of person they are. However, when 
dieticians were asked how they do this, it became clear that this process was automatic and 
intuitive. This is in agreement with findings by Rutjes and colleagues (2019), who found that 
health coaches from different backgrounds reported that they personalize their approach 
intuitively and that this process is challenging to explain. However, similar to the user 
research, after further questions, it was found that they use personal and situational 
characteristics for this tailoring process.  
 
 The next consults are in the form of evaluations. The frequency and duration of these 
evaluations are dependent on the severity of the malnutrition, as only three hours of consults 
are covered by the basic insurance. In these evaluations, the elder informs the dietician 
about the progress with the treatment plan and dietary goals. Then the dietician gives 
feedback about what went right or wrong and tries to understand why it went right or wrong. 
There are three possible outcomes of the evaluation. The first is that there is still room for 
improvement, so the dietetic treatment will continue. If that is the case, the treatment plan 
and goals are adjusted if necessary, the dietician gives new advice, and the client will enter a 
new phase of treatment execution. The second scenario is that the dietetic treatment is 
completed successfully. That is when the client is satisfied, the goals are (nearly) reached, or 
there is a great improvement in nutritional intake. Then, the dietetic treatment can be 
closed. In the third scenario, the dietetic treatment less successful. It can be that the client 
does not want to continue the dietetic treatment or that the dietician does not know how to 
help the client. If the client does not want to continue, it was found that it was best not to 
push the client too hard. If they do not want to continue the treatment, that is their own 
choice. The best action was, therefore, to close the treatment. However, when the dietician 
does not know how to help a client further, colleagues or others from the care network of 
the client can be asked for advice or referral.  
 
 A major limitation to the current dietetic treatment that was mentioned by dieticians 
is that elders often give an incorrect report of their food intake. Because of this, dieticians do 
not exactly know what the situation is, making it more difficult to adjust the treatment plan 
to the needs of the individual. Although dieticians try to use relatives of the client and the 
care network to try to monitor the progress of the elder, this collaboration does not always 
work smoothly. This is how the digital coach Liz could strengthen the current dietetic 
treatment process by monitoring the food intake of the elder inform the dietician when the 
elder has a low intake for several days. In addition, it can support the client by informing, 
motivating, and reminding the client throughout the mealtimes to reach the dietary goals.  
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There are three pre-conditions that must be satisfied before Liz can be employed 
effectively, namely (1) the client should be open to technology, (2) the client must have some 
initial motivation to change, and (3) there should be a trust-relationship between the digital 
coach and the client.  In addition, Liz should be a social companion, as this makes the 
mealtimes more fun. However, dieticians explained that Liz should not employ a one-size-fits-
all strategy. Rather, she should tailor the approach and strategies to the personal and 
situational characteristics of the individual.  
 

3.3.1 Limitations and Future Research 
Although the interviews provided many interesting insights, there were some 

limitations. First of all, one limitation is that Microsoft Teams was used for the interview due 
to COVID-19 regulations. Although no connection problems occurred during the interviews, 
talking to a screen might feel more uncomfortable for the participants than talking to a 
person face-to-face. Although no sensitive information was discussed, it could still have 
influenced the answers the participants provided. Future research should be held face-to-
face and compared to the results from this study to see whether the online meetings 
affected the responses of dieticians. 
 

Second, by observing the participant data, it could be inferred that there is a lack of 
diversity between the dieticians, as only women participated in the interviews. Therefore, the 
opinions and methods of male dieticians were not investigated in this study. However, when 
reaching out to multiple dietician practices, no male dietician came up. Thus, although only 
women participated in this interview, it is likely that these participants still are a good 
representation of the Dutch dieticians.  
 

Third, although there was an interview scheme, not all questions were asked exactly 
the same for everyone because most questions were asked in the flow of the conversation. 
Although the intention of the questions was the same, the differences in the exact words that 
were used might have led to different interpretations of the question. While this makes that 
the answers are a bit more challenging to compare and that not all questions were asked to 
all dieticians, it was decided to follow this approach because it allowed for in-depth questions 
where necessary. In addition, it was desired that dieticians felt at ease, and the best way to 
do that is to make the interview feel like a conversation. This is difficult to achieve if all 
questions need to be asked in a static way.  
 

Last, during the interviews, it became clear that the dieticians found it difficult to 
understand the potential of the digital coach based on a static picture. When discussing what 
Liz should do, most did not come further than the few examples used to explain what Liz, 
amongst others, could do. In addition, it was unclear that Liz was able to talk and show 
information on the screen and that the client could communicate with Liz by clicking the 
screen. Therefore, in future studies with Liz or any other digital coach, a video should be 
shown rather than a picture so that the potential of the digital coach comes across more 
clearly.  
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4. Overview of Persuasive Strategies 
As there is a better understanding of the domain and the users following from 

Chapter 2 and Chapter 3, the next step is to investigate different persuasive strategies that 
can be applied by an embodied digital coach to help elderly reach their dietary goals. This 
chapter presents the findings of the literature study that explores persuasive strategies that 
are anticipated to be effective for this specific context, target group, and this technology. As 
there appeared to be a clear classification in strategies that dieticians employ, namely to 
inform, to motivate, and to remind, this classification was also used in this literature study. In 
the literature study, two overview papers were consulted (Aldenaini, Alqahtani, Orji, & 
Sampalli, 2020; Orji & Moffatt, 2018) that enlist the most frequently used persuasive 
strategies. Of these strategies, only the strategies that fit the domain, user, and technology 
and have sufficient scientific underpinning were considered for this paper. In addition, the 
strategies of dieticians were also taken into account. This gave rise to the persuasive 
strategies presented in Figure 8. The strategies will be discussed in more detail below, 
including what it is, what it is for, whom it is for, and the concrete action for the digital coach 
Liz. Examples of how these strategies can be implemented in Liz are shown in Appendix B.  
 

 
Figure 8. Overview of intervention options for the Digital Coach Liz 

 
4.1 To Motivate 

Four strategies were investigated that have the purpose of motivating the elder. 
These strategies were motivational interviewing, persuasive messages, motivational 
feedback, and social learning.  
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orientation is that of extrinsic goal orientation, where individuals are aiming for attaining an 
extrinsic incentive (Maehr, 1984). Explicit positive feedback can thus best be applied to 
individuals who are extrinsic-oriented.  
 

Through negative motivational feedback, the digital coach aims to motivate the client 
to improve their behavior by telling them that their behavior was not in line with their goals. 
Similar to positive motivational feedback, negative motivational feedback can be given 
explicitly, for example by stating that not finishing is not in line with the dietary goals, or 
implicitly, for example by showing a sad emotion or thumbs down. Although negative 
feedback is often experienced as unpleasant, Ham and Midden (2013) found that negative 
feedback was more effective than positive feedback. Negative feedback may motivate clients 
to spend more effort on reaching their goals (Dijkstra, 2008). However, this is only effective 
when the individual believes that spending more effort will pay off or if the person believes 
that the goal is still reachable. If not, the individual is likely to give up. Therefore, explicit 
negative feedback should be avoided for people with low self-efficacy. In addition, implicit 
negative feedback is best applied to individuals who are in the preparation, action, and 
maintenance stages of the Transtheoretical Model (Lin et al., 2006). For clients who are in the 
pre-contemplation or contemplation stage, implicit feedback should remain neutral to 
prevent discouragement, for example by showing a neutral emotion rather than a sad 
emotion. 
 

4.1.4 Social Learning 
Social learning is the cognitive process of learning new behavior patterns by observing 

others performing your target behavior (Bandura, 1971). When the elder can see others 
successfully eating and finishing their meal, they could be motivated to do the same (Nkwo, 
Orji, & Ugah, 2018). Social learning is equal to the principle of social proof by Cialdini (1993), 
who states that individuals determine their appropriate behavior by examining the behavior 
of others. This principle is mainly effective for individuals who are collectivistically oriented 
(Cialdini et al., 1999). It is therefore expected that social learning can be best applied to 
individuals who want to adhere to social norms. In addition, social learning can be applied to 
clients with memory deficits, as seeing others eat a meal can be a constant reminder of what 
the client needs to do. In addition, it can also help for elderly who are feeling lonely, as 
dieticians stressed that seeing others eat makes you want to eat yourself. Liz can employ the 
social learning strategy by showing an animation on the screen that makes it appear that Liz 
is eating along with the participant.  

 
4.2 To Inform 

Four strategies were investigated that have the purpose of motivating the elder. 
These strategies were tunneling, suggestion, informative feedback, and providing 
information.  
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 As already discussed when elaborating on the strategies, for many strategies exist 
both explicit options through messages, but also implicit options through subtle cues. 
Besides, for the explicit and implicit options, many different variations can be created. All the 
different variations can be used interchanging, dependent on the user preferences, to avoid 
irritations when seeing or hearing the same strategy implementation over and over.  
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5. First Concept of the Framework  
As Rutjes and colleagues (2019) found in their study, health coaches of different 

backgrounds all argued that tailoring the approach to the individual is very important for 
successful coaching. This also arose in the user research of Chapter 3. Dieticians expressed 
that they tailor their dietary treatment to the individual. However, when they were asked 
how they knew which approach would fit with the individual, they often said they do it 
automatically. After follow-up questions, it did become clear that this depended on personal 
and situational characteristics. However, as dieticians do not immediately know what 
approach works for an individual, it is good to create a framework to support them in that 
decision. Therefore, a framework for Just-in-Time Adaptive Digital Coaching should be 
created. A first concept for this framework is proposed in this chapter.  
 
5.1 Components Needed to Create the Framework 

To create this framework for Just-in-Time Adaptive Digital Coaching, four components 
are needed: decision points, persuasive strategies, tailoring variables, and decision rules. The 
decision points are the moments in time when it is decided what strategy should be used. As 
explained in Chapter 2, Liz will actively stimulate clients to reach their dietary goals during 
three moments, namely the run-up to the mealtime, the mealtime, and the end of the 
mealtime. These three moments for the decision points. An overview of the decision points is 
presented in Figure 6. The persuasive strategies used in the framework are based on the 
literature study in Chapter 4. The strategies that will be taken into account for the framework 
aim to motivate, inform, and remind the client. To motivate, the strategies motivational 
interviewing, persuasive messages, motivational feedback, and social learning will be used. 
To inform, the strategies tunneling, suggestion, informative feedback, and providing 
information will be used. To remind, the strategies setting reminders and repeat advice will 
be used. These ten strategies will not be effective for everyone. The tailoring variables 
indicate which strategy will work for which type of client. The tailoring variables that were 
taken into account were based on the user research in Chapter 3 and the literature study in 
Chapter 4. These tailoring variables are awareness of goal progression, goal orientation, 
motivation, autonomy, knowledge, memory deficits, internal stimulus to eat, phase in the 
transtheoretical model of change, loneliness, and belief in their ability to reach goals.  
 

Based on the decision points, intervention options, and tailoring variables that were 
found, decision rules could be created. These decision rules link intervention options to 
tailoring variables at decision points. In the following sub-sections, the decision rules 
belonging to the three decision points will be described.  
 

5.1.1 Run-up to the Mealtime 
 During the run-up to the mealtime, there are two possible situations, namely that the 
elder did or did not prepare a meal on their own. The decision rules that correspond to the 
situation where the elder did prepare a meal on their own are:  
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Figure 9. Visualization of the decision rules for Just-in-Time Adaptive Digital Coaching. 
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Figure 10. First concept of the Framework for Just-in-Time Adaptive Digital Coaching. 
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6. Evaluation of the Framework 
To assess the framework for Just-in-Time Adaptive Digital Coaching proposed in 

Chapter 5, evaluation interviews were held with dieticians. To do so, the dieticians were 
introduced to two personas that were based on the interviews in Chapter 3 and were shown 
examples of what Liz could do to support and stimulate the client based on the outcome of 
the framework for that individual. The dieticians were asked to evaluate whether they found 
the suggested strategies appropriate for that client and whether they would change 
elements of the implementation of the strategies, such as how Liz looked, how Liz moved her 
hands, what Liz said, and what Liz showed on the screen. In addition, it was also discussed 
whether dieticians want to have a say in the approaches of Liz.  
 
6.1 Method 

6.1.1 Participants 
For this research, six evaluation interviews were held with dieticians who also 

participated in the user research interviews. All participants were female. The age ranged 
from 23 to 33, with a mean age of 28.2 and a standard deviation of 3.5.  All dieticians had 
experience with treating fragile elders. As all dieticians were from the Netherlands, the 
interviews were held in Dutch so they could express themselves better.  
 

6.1.2 Measurements and Materials 
To evaluate the framework for Just-in-Time Adaptive Digital Coaching as proposed in 

Chapter 5, the strategies that were derived from the framework for all decision points and 
the two example personas were shown to the participants. They were asked about what they 
would do in each situation, whether they thought the proposed strategies would be effective 
for the persona, and whether they had feedback on the implementation of the strategies. In 
addition, questions were asked about the relevance of personalizing the digital coach and to 
what extent dieticians want to influence Liz's strategies for a specific client. The complete 
interview scheme can be found in Appendix C. 
 

To guide the evaluation interviews, a PowerPoint slideshow was created. In that 
PowerPoint, the decision points were shown, the personas were introduced, and the 
different strategies were visualized. For the visualization of the decision points, the diagram 
in Figure 6 was used. The visualizations of the different strategies were made in Figma. The 
implementations of the strategies were based on the literature study on persuasive 
strategies in Chapter 4. A few examples of the strategies translated to English can be found in 
Figure 11. An overview of all implementations is given in Appendix B. 
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Figure 11. Translated example strategies employed by Liz. 

 
The personas were created based on the interview results of the user research in 

Chapter 3. Client 1 was a woman of 73 years old with a lack of appetite, low motivation, low 
awareness of the problems, low need for control over the dietetic treatment, and memory 
deficits. Client 2 was a man of 81 years old who recently lost his wife and lacks the knowledge 
to maintain a healthy diet himself, but who is motivated to change and wants to be fully in 
control of the dietetic treatment. The full stories and accompanying pictures of client 1 and 
client 2 can be found in Figure 12 and Figure 13, respectively.  
 

 
Figure 12. Persona client 1. 

 




























































































