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Abstract. Maintaining weight loss is challenging for patients who suffer from 
obesity as behavior changes need to be kept long-term. Prior research has shown 
that introducing habitual behavior (i.e., habits) can lead to automaticity in 
performing a specific behavior so that it becomes second nature. This research-
and-progress paper develops a research model to investigate the efficacy of 
virtual coaches to guide patients in forming habits. In particular, we investigate 
how virtual coaches can help patients form an implementation intention for a 
particular habit and positively reinforce this implementation intention using 
reminders, praise, and self-monitoring. Implications of this work are described 
for related diseases and long-term evaluations of virtual coaches.   
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1 Introduction 

Nowadays, overweight amounts to more than 1.9 billion overweight adults, of whom 
over 650 million are obese [1]. Reasons for obesity are multi-faceted [4], but at a 
superficial level, obesity results when energy intake exceeds energy expenditure [3]. 
Consequently, interventions promote physical activity and reduced energy intake. 
While these interventions are effective over the short term [4, 5], 80% of participants 
regain weight [6] as actions are not supported in the long run [3]. Habit-based 
interventions support long-term effects [7–9]. Habits form by repeatedly performing a 
behavior in the same context so that a mental association between behavior and context 
is created [10]. For example, seeing a fruit basket may foster healthy fruit intake. When 
this behavior is trained, a mental association between the fruit basket (as an example 
for context) and fruit intake (as an example for behavior) strengthens. Cleo et al. 
investigate the efficacy of habit-based interventions and report significant weight loss 
[8]. However, forming and strengthening habits is not easy as habits do not settle 
linearly [14], and persistence is needed. Information Systems (IS) can support 
persistence to form and strengthen habits. IS may remind to execute habits and reinforce 
the mental association between context and behavior (e.g., Please remember to get off 
the bus earlier and walk). IS can also provide information about beneficial habits and 
help to adapt them. First contributions have been achieved with health behavior change 
support systems (HBCSS). However, these systems do not support strengthening habits 



[12, 13]. So, the impact is limited to the short-term. Also, further improving system 
usability and tailoring messages is crucial for maintaining long-term effects [14]. We 
aim to investigate how HBCSS can best support habit formation and strengthening. As 
a user interface, we use conversational agents (CAs) to emulate interpersonal 
communication to ensure high usability and connectedness [15, 16]. In this work-in-
progress paper, we report a design science research (DSR) approach to investigate, 
design, and evaluate a habit-based HBCSS as a virtual coach (VC) for obese patients 
by extending artifacts we have previously designed  [17–20]  using adaptations [21]. 
We contribute a research model of how habit-based HBCSS can be evaluated and an 
HBCSS that can easily be adapted to other diseases.  

2 Background 

A habit is an automatic behavior occurring in response to a particular context in which 
this behavior has been performed consistently and repeatedly [22–24]. To form a habit, 
a mental association between context (e.g., being on the bus for work) and behavior 
(e.g., get off one stop earlier and walk) must be created [22]. Contexts include physical 
settings (kitchen), time (9 a.m.), people (alone), prior behavior (getting up), internal 
state (being stressed), and combinations thereof [25]. Associations between context and 
behavior are created with implementation intentions, which link a context (if I am on 
the bus for work) to a behavior (then I will get off earlier and walk) [26]. After its 
formation, the association must be strengthened by repeating the behavior within the 
context [27, 28] so that the cognitive effort required to act decreases while alternatives 
become less accessible [29, 30]. Prior research discusses digital strategies that support 
habit-forming and strengthening [12, 13], including information provision, setting 
implementation intentions, and positively reinforcing these intentions. Information 
provision allows for an overview of behavior, providing a basis to decide which 
behavior to make habitual. Furthermore, formulating Implementation Intentions (if I 
am on the bus for work, then I will get off earlier and walk) can be digitally supported 
by providing a context selection that users can choose from and refine. Implementation 
intentions can be positively reinforced to strengthen the association between behavior 
and context using self-monitoring, praise, and reminders. Self-monitoring is common 
for digital behavior change interventions [34], with evidence of small-to-medium 
changes in attaining health goals [32]. Also, just-in-time reminders [13], delivered 
when the system anticipates an opportunity to perform habits [12, 33], are used. Yet, 
while just-in-time reminders support repetition, they hinder the habit from becoming 
strong [13]. Once the user abandons the system, the behavior will likely be given up. 
However, (just-in-time) reminders are helpful to foster repetitive behavior for the time 
it requires to decide whether to keep or abandon the habit. Yet, to strengthen habits, 
just-in-time reminders should be decreased over time [12, 13]. 

For implementing these digital strategies, HBCSS can be used. HBCSS are often 
grounded within the Persuasive System Design (PSD) Model [34] that includes 28 
design principles that we combine with the guidelines by [12, 13] to ground our design 
decisions (Figure 1). HBCSS should address habits on two levels [35]: IT and content-



related habits. IT habits foster system use adherence for the time required to strengthen 
content-related habits. Prior research has investigated design strategies for system use 
adherence like ensuring usability, social connectedness, and login reminders [36–38]. 
In particular, CAs as user interfaces ensure high usability and connectedness [15, 16]. 
A subtype of CAs are embodied conversational agents (ECAs) as intelligent software 
systems with a visual and often humanoid appearance emulating verbal- and non-verbal 
communication [39]. Embodying the social role of a coach, ECAs can evoke feelings 
of social presence, trustworthiness, and supporting system use adherence [40].  

Recently, prior HBCSS research has investigated habit formation to encourage stair 
climbing (disembodied CA; [41]) and weight loss [35]. In these systems, first digital 
strategies are implemented, such as information provision and reminders to positively 
reinforce repetitive behavior. Yet, implementing the whole range of digital strategies 
to support habit strengthening (e.g., setting implementation intentions and positively 
reinforcing habitual behavior) is still missing. Apart from HBCSS, habits have been 
implemented in lifestyle apps. While reminders and self-monitoring features are 
already used to foster repetitive behavior, most apps do not guide users in forming 
implementation intentions by letting them define personalized cues and tasks [13]. CAs 
can guide users in a dialog-oriented manner but have been less studied regarding habit 
formation [12]. Hence, to the best of our knowledge, an investigation of HBCSS for 
habit formation and strengthening by using reminders, self-monitoring, and praise 
along with an ECA to reinforce and guide implementation intentions in a clinical setting 
is still missing. Also, in the area of obesity, HBCSS for habit formation have only 
focused on a BMI range between 27 kg/m2 and 35 kg/m2 [35], so that no clinically 
relevant data is available for morbidly obese patients (BMI > 40 kg/m2).  

3 Design 

We aim to design an ECA that fosters habit formation and strengthening using digital 
strategies to provide information as well as to form and positively reinforce 
implementation intentions (Figure 1a). Therefore, we extend the prototype described 
in a previous study [17–20] by porting the system to a mobile app. As depicted in 
Figure 1b, the HBCSS gathers data on the patient’s side from Bluetooth devices 
(smartwatch for measuring daily activity, body scale) and manual data inputs (habit 
check off, goal setting, questionnaires). Due to the error proneness of artificial 
intelligence (AI)-based speech recognition and possibly resulting biases, we limit the 
communication to constrained input using action buttons with predefined questions and 
answers for this study (i.e., rule-based). Habit suggestions, motivational messages, and 
questionnaires are drawn from a database and specified by a therapist. The procedural 
knowledge of the VC for guiding the habit formation process is technically modeled 
following the approach described in the Horizon 2020 project vCare [19]. By building 
on the healthcare data exchange standard HL7 FHIR (http://hl7.org/fhir), integrating 
and adapting the system to other scenarios is facilitated. In particular, we use the FHIR 
resources CarePlan, Questionnaire, QuestionnaireResponse, Goal and Observation.   



 
Figure 1. a) Design decisions for this study and b) High-level system architecture 

4 Evaluation Approach 

VC-guided interventions allow to flexibly implement habits, while traditional 
interventions require a therapist to guide patients. So, we suppose that VC-guided 
interventions lead to more introduced habits (H1; Figure 2). After implementation, 
habits need to be adhered to and strengthened. We operationalize habit adherence as 
the percentage of days that habits are executed and habit-strength using the Self-Report 
Habit Index [42], which has been the most prominent instrument to measure habit 
strength in psychology. This leads to H2&3, suggesting that VC-guided interventions 
lead to a higher percentage of days of habit execution (H2) and to stronger habits (H3).  

 

 
Figure 2. Research Model and hypotheses 

Usually, more habits result in increased actions. So, we suppose that the more habits 
subjects implement (H4) and the more often a habit is executed (H5), the more weight 
subjects lose. Executing many habits regularly does not imply that habits become strong 
[12, 13]. H6 helps investigating whether our strategies help to strengthen habits. We 
investigate H1-6 with the research design of Figure 3. After a therapist introduces the 
subjects to the program, subjects implement habits by processing habit information 
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(e.g., positive influence of fruit intake), selecting habits and forming implementation 
intentions. Habit implementation for the intervention group is VC-guided and can be 
done whenever there is time. In contrast, the control group follows a weekly therapist-
guided habit implementation and does not have IT support for positive reinforcement.    

 

Figure 3. Research Design 

5 Conclusion 

We investigated VCs for habit formation and strengthening. The results are reflected in 
a research model to investigate the efficacy of VC-guidance to form and strengthening 
habits. In case this investigation reveals a positive impact, large-scale implementation 
can be facilitated for the area of obesity. Considering obesity as a representative 
example of behavior-modifiable diseases, the results may prompt future research to 
other chronic diseases such as diabetes, heart failure, or multiple sclerosis. Taking a 
more agile approach by collaborating with users [43] of various fields [44–46]  may 
lead to an broader habit repository for multiple diseases and even wellbeing and stress 
reduction [47]. Future research could also equip the system with more advanced 
capabilities incorporating AI-based speech recognition along with algorithms to 
automatically learn about habits preferred by the patient or states for forming good and 
breaking bad habits. By conducting a study over several months, this research may also 
contribute evidence on the advantageousness of ECAs as interface modality in the long 
term. So far, most studies remain on short-period interactions in a controlled lab setting 
leading to a lack of studies investigating ECA-use in the long term [48]. 
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