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Abstract. The aim of the work presented in this article was to develop a conceptual
model for behavior change progress, which could be used for automated assessment
of reasons for progress or non-progress. The model was developed based on theories
for behavior change, and evaluated by domain experts. The information models of
two prototype systems of a digital coach under development for preventing cardio-
vascular diseases and stress respectively, were evaluated by comparing the content
of the prototypes with concepts in the model. The conceptual model was found
useful as instrument to evaluate to what extent the prototypes are based in theories
for behavior change, whether some vital information is missing, and to identify
mechanisms for short and long time goal setting. Moreover, the connection between
the ontology underpinning the prototypes and the conceptual model could be defined.
Future work includes the integration of the conceptual model to function as a meta-
ontology, which could be used for capturing causal relationships between
information collected by the applications at baseline and at runtime.
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1. Introduction

Theories of behavior change (e.g. [ 1-5]), and design models for behavior change systems,
partly based on these theories [6-7], are increasingly applied in research on persuasive
technology for behavior change [8]. When applying a participatory design process to
develop such systems, a central assumption is that the participating stakeholders are
experts in the domain in which the persuasive technology is aimed to be used. The design
process aims to translate this knowledge into digital tools, which an individual can use
for health coaching. Moreover, the knowledge needs to be translated into formal,
computational models, which the system can use for tailoring support and automatically
and intelligently adapt its behavior to the individual (e.g. [9-10]).

The purpose of this study is to develop and evaluate a conceptual model of behavior
change progress, which can be used in a participatory design process of behavior change
systems, and for automated analysis of progress over time as a complement to everyday
assessments at runtime.
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2. Methods

Theories on behavior change explain the determinants of human behavior, motivations
for behavior, and how to guide behavior change. The conceptual model is based on the
Theory of Planned Behavior [1], the Self-Determination Theory [2], Prochaska’s
Transtheoretical Model of Change [3], the Goal Setting Theory [4], and the Fogg
Behavior Model [6]. Concepts from the Health Belief Model [5] were also embedded.
The model was created in the following steps [11]. Relevant concepts were selected
from behavior change theories, and defined. Next, based on the theoretical frameworks,
the relationships between the concepts were defined and explained. In a third step, the
initial model was validated by five experts through interviews and adjusted accordingly.
Participating experts represented expertise in epidemiology, nutrition, sociology and
nursing. The model was applied and further evaluated as part of two ongoing
participatory design processes [10,12]. One aims at developing a digital coach
application for preventing cardio-vascular diseases and promoting change of behavior to
improve health [13], another to support stress rehabilitation. The preliminary information
models of the two prototypes, which had emerged in focus group discussions and
workshops, were evaluated by connecting the information to the conceptual model.

3. Results

The experts interviewees suggested changes of the conceptual model based on their
knowledge of the concepts, theories and experience from clinical practice, gave
elaborations on the concepts, and proposed additional concepts and relationships, partly
based on the Health Belief Model (e.g., Risk Perception, Previous Attempts) [5,11].
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Figure 1. STAR-C information mapped to the conceptual model of behavior change progress.
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The baseline questions for the cardio-vascular intervention cover most of the factors
relating to a person’s own attitude and intention to change, while less information is
collected on how the social environment may influence the factors for behavior change.
The runtime version contains mechanisms that may capture also conflicting motives for
activities and more on perceived barriers, which are expected to illuminate reasons for
non-adherence to goals specified, and be used for explaining and motivating changes in
behaviors.

When mapping the contents of the baseline and ecological momentary assessment
(EMA) questions for the coaching system for managing stress (Jonglera) to the
conceptual model, it is clear that stress management requires a different approach to
design than the previous example, in particular, since mobilizing the physical and mental
effort required to changing behavior is part of the behavior change progress, and targeted
as part of the digital intervention (Figure 2). In this case, the EMA questions are posed
to assess daily engagement and experiences, forming a basis for the system to translate
this into motivating trajectories of positive trends, which can be communicated to the
person as an extrinsic motivator. As such, it will target also the factors in the behavior
change progress model such as outcome expectancies, attitudes, barriers and facilitators.
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Figure 2. Jonglera information mapped to the conceptual model of behavior change progress.

To summarize, the conceptual model illuminates the complexity of behavior change
for improving emotional wellbeing relating to stress and exhaustion syndrome, and the
importance to design mechanisms, which can translate small efforts into positive
outcome expectancies and attitudes, which can in turn, reinforce sense of competence
and self-efficacy.
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4. Discussion and Conclusions

A conceptual model of behavior change progress was developed based on theories of
behavior change, evaluated by experts on behavior change and applied to evaluate the
information models of two prototype systems for supporting behavior change. It was
concluded that the model is useful for assessing to what extent an information model is
capturing vital factors for behavior change, and how personalized intervention needs to
be designed in order to promote behavior change.

Ontologies have been developed for different purposes, e.g., behavior change
interventions, or identifying barriers for change [ 14-15]. The proposed conceptual model
for behavior change progress aims to capture the vital concepts of the relevant theories,
and their relationships in the development of persuasive systems. As such, the model
complements existing models.

Further evaluation studies need to be done, in particular for exploring how the model
can be used as instrument by the participating domain experts and stakeholders in a
design process. Future work includes also the integration of the conceptual model to
function as a meta-ontology in the system architectures of the two prototype systems,
which could be used for capturing causal relationships between information collected by
an application at baseline and at runtime.
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