Health Behaviour Change Support Systems:
Past Research and Future Challenges

Tobias Mettler

University of St. Gallen, CH-9000 St. Gallen, Switzerland, tobias.mettler@unisg.ch

The emergence of mobile devices and social technologies has opened up new possibilities for health
promotion and disease prevention. By means of emotional stimuli, motivation, and persuasion health
behaviour change support systems (HBCSS) aim at influencing users to improve their health and
wellbeing. This article presents the results of a bibliometric analysis related to the existing HBCSS
body of knowledge. A total of 51 research studies were analysed with a look at their topical and
theoretical focus. It was found that the majority of studies emphasize a rather technological view of
behavioural change as opposed to a psychological or social view. In addition, the identified theories
underlying the design of HBCSS frequently assume full rational behaviour of individuals. Based on
these findings, four avenues for future research and novel trains of thought related to HBCSS are
discussed.
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1. Introduction

Health behaviour change support systems (HBCSS) are software applications targeted to induce an
alteration of attitude and/or change in people’s behaviour toward healthier life styles. It is an integral
part of what is known as persuasive computing or human-centric computing and as such not only
related to computer and information science but also to other disciplines such as sociology,
psychology, or cognitive sciences. HBCSS are applied in many different areas, such as in the
promotion of exercise and healthy eating choices [1-3], cessation of smoking [4], monitoring of sleep
disorders, or other physical and mental health related issues.

With the broad availability of smartphones, tablets, and sensor-based devices, the design of HBCSS
has shifted from traditional software applications (apps) to more ubiquitous and social web-based
solutions [5]. However, while the technical design has been adapted to the new realities of users, the
underlying assumptions and behaviour change theories that inform the software design have not been
adapted in a similar pace since the emergence of HBCSS [6].

With the aim to identify potential research gaps and discuss emerging challenges, we conduct a
bibliometric study consisting of a topical analysis and a co-citation network analysis of the extant
literature on HBCSS. In particular, we want to investigate (i) which behavioural or design theories are
applied to achieve the goal of influencing users, (ii) what conditional and unconditional assumptions
these theories implicate, and (iii) what strategies are used to attain continued usage. Based on our
findings, we then deduce research challenges and emerging research topics that are relevant to
HBCSS.

2. Material and Methods

In order to explore how current research addresses the formation, modification, and reinforcement of
behavioural changes in health and wellbeing apps, we conducted a scoping review of the available
literature [7] in MEDLINE and Web of Science. Since HBCSS are known under many different labels,
we used multiple keywords like ‘persuasive computing’, ‘persuasive system’, ‘persuasive software’
(and other terms relating to technology), in combination with ‘health’, ‘wellbeing’ or ‘behaviour change’.
As of December 2014, our initial search yielded 76 matches. In a second step, a screening of the
search result was conducted. Inclusion of a study in the review was rooted on our subjective decision
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based on the following criteria: (a) the article reports on the design, implementation, or use of a
persuasive system, and (b) the behavioural changes are related to an improvement of health or
wellbeing. According to the criteria defined, we obtained a list of 51 studies (cf. Appendix A). We then
performed a topical analysis and a co-citation network analysis of the identified literature and the
references cited in the reviewed articles. The former is performed with the purpose to discovering
relevant themes in the literature. The latter is used for identifying the most influencing references and
theoretical streams in the available literature.

As a basis for our analyses, we used the Science of Science (Sci2) tool [8] for exploring the identified
knowledge base. The Sci2 tool is a modular toolset specifically designed for bibliometric studies. It
supports a great variety of analyses such as temporal, geospatial, topical, and network analysis. The
tool also allows the researcher to present large amounts of data using integrated and external data
visualization services.

3. Review Results

HBCSS studies have been published in diverse fields, such as brain research, social sciences,
electrical engineering, computer science, or health professions (cf. Appendix B). As it is shown in
Figure 1, it is a relatively young area of research that needs to mature.

The first article [9] we found that discussed about persuasive technology and aspects of health
behaviour change was published in 1999. discuss emerging challenges After some years of relative
silence, in 2006 there was an increase in publications due to the inauguration of the international
conference series on persuasive technology for human well-being, first conducted in 2006. Since then
only a moderate increase of papers is observed. In 2013, the topic regained attention because of a
special issue on ambient assisted living for mobility in the personal and ubiquitous computing journal.
A large number of the identified articles are published in the mentioned two outlets.
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Figure 1 Identified studies on HBCSS with respect to its year of publication.

In the subsequent section, we first discuss the results of a topical analysis that we performed with the
intention to discover the most important themes, which drive current research. After that, we present
the results of the co-citation network analysis in order to discuss influential references in HBCSS as
well as the underlying theoretical assumptions of the frequently cited literature.

3.1 Topical Focus of Current HBCSS Studies

The purpose of a topical analysis is to determine the topic coverage within a body of text or across
multiple textual resources. The main goal is to understand the topical distribution, i.e. what topics are
covered and how much of each topic is covered [10]. We used the text normalization algorithms
provided by the Sci2 tool to tokenize, stem, and remove unnecessary pre- and suffixes within the
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identified literature sources to gather a list containing the most cited core meaning of words. These
words were then put in relation to each other by means of a directed network analysis and visualized
using a force-directed layout available with the Gephi software package [11]. Figure 2 illustrates the
major concerns that are discussed in current HBCSS studies. For visualization purposes we spelled
out the tokenized words, which were most frequently used in the studies.

It is not surprising that the most cited terms are persuasion or persuasive in combination with design
or technology. Many of the identified studies emphasize a rather technological view on behavioural
change support by primarily discussing the development of such systems for distinct use cases in
health promotion and disease prevention (e.g. [12-15]). Also different approaches to participatory and
interaction design are covered (e.g. [16, 17]).

Less emphasis is currently given to the socio-technical view on HBCSS [18]. Although the terms user
and use seem to appear in most studies, not much is given away about the contexts in which patients,
caregivers, or doctors are applying these systems. A positive exception is the work of [19], which
investigates user preferences as foundation for the design of HBCSS.

We found that the terms evaluation and effect are mostly used in relation to system features. While
technical features without any doubt influence the acceptance of these software applications,
economic and cultural aspects may certainly also affect the adoption of HBCSS; in particular, when
these systems are used in an organizational environment [20]. It is therefore worth mentioning that
apart from that another study found a significant relation between the cultural adaptation of a HBCSS
and its success for forming, modifying or reinforcing a behavioural change [21]. We believe that a
stronger emphasis on contextually anchored research would decisively improve our understanding of
the effects of HBCSS [22].
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Figure 2 Most frequently occurring terms in the 51 identified HBCSS studies. Nodes are sized and
coloured based on the number of overall occurrence.
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3.2 Theoretical Focus of Current HBCSS Studies

To get an understanding of the core theoretical fundament to study and motivate the design of HBCSS
studies, we conducted a co-citation network analysis of all the references (including journal articles,
books, book sections, and conference papers) that were cited in the 51 identified studies. We used the
Sci2 tool to extract a directed paper network that is weighted in terms of number of citations within our
dataset. Figure 3 shows the most influential publications in current HBCSS studies by means of a
force-directed layout, which we sketch with the Gephi software package. Based on this initial
illustration of most influential studies, we then reviewed the theoretical fundament used in these
publications for motivating and explaining behaviour change.
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Figure 3 Most cited studies in the 51 identified HBCSS studies. Nodes are sized and coloured based
on the number of overall citation.

The most cited work in HBCSS studies is the seminal book by BJ Fogg [23], which introduced the
notion of persuasion as part of software design. Early studies have followed the conception that
software developers always influence their users in one way or another. In doing so, they have
frequently relied upon the operant conditioning theory [24], which assumes that a behavioural change
toward healthier lifestyles can be achieved by rewarding favoured behaviour and by punishing
negative behaviour. The basic assumption behind operant conditioning theory is that users react
based on their experiences of antecedents and consequences, instead of a reflexive reaction to a
stimulus. Accordingly, another subliminal assumption is that the user—to some extent—is rational in
his/her choice and subsequent behaviour. Operant conditioning is frequently found in exercise and
physical fithess apps, which try to motivate users by giving them “virtual” rewards for a more active
lifestyle.

The same “rational man” assumption is shared by the theory of reasoned action and theory of planned
behaviour [25, 26], which are also widely used in HBCSS. In both theories it is assumed that
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behaviour is the result of a more or less conscious appreciation of values related to the system’s utility
and ease of use. Hence, users’ attitude and perception are major drivers to an intended behaviour,
which itself is a precursor of actual user behaviour. Over the years, several theoretical additions have
been introduced (e.g. the role of social influence, gender, age, experience), which improved the
accuracy of predicting technology acceptance and ultimately lead to a unified theory of acceptance
and use of technology [27]. Overall, the mentioned theories describe little about psychological cues
that influence users to change their health-related behaviour. Rather, and in line with the dominant
technical focus of the identified papers, these theories are useful for predicting acceptance of system
features and systems design.

Attitudes, beliefs, and perception of individuals play also an important in the cognitive dissonance
theory [28], which also is applied in some of the HBCSS studies. It deals with the fact that many
individuals feel uneasy when their beliefs and opinions are inconsistent with their actions. This creates
a state of “dissonance”, which may become in a certain point of time quite unbearable, motivating a
person to actively change his/her behaviour in order to restore cognitive consistency. Smoking
cessation apps frequently make use of this effect.

Lastly, we found that several studies work with the goal setting theory [29, 30]. It is based on the
assumption that individuals have an intrinsic motivation to reach a clearly defined goal or feel that it is
important to change their current behaviour. Unlike with the operant conditioning theory, which uses
rewards as means for encouraging individuals, goal setting frequently is applied without any additional
incentive structure since it assumes that users feel rewarded by the simple fact that they achieved the
goal. However, the strength of this motivational effect may vary depending on the difficulty, proximity,
and specificity of the goal. Goal setting is often used in diet and fitness apps.

4. Directions for Future Research

Based on the review of the literature, we propose to carefully consider the following research
challenges while designing and/or evaluating HBCSS.

4.1 Rational Design Versus Emotional Design

In spite of the fact that recent research has raised serious questions about the human rationality of
judgment and decision-making [31], the review of the literature has shown that many of the
behavioural theories used in current HBCSS studies base on the assumption of rational users.
Evidence exists that not only conscious, rational reactions influence behaviour, but oftentimes rather
unconscious, emotional processes [32]. Anger, fear, envy, sympathy or pleasure are important cues
for influencing the behaviour of users. Accordingly, the identification of design principles that help to
systematically elicit emotional responses for facilitating the intended health-related behaviour changes
could represent an important research theme for the future.

4.2 Habitual Design Versus Interface Design

As described before, we found a strong technical focus in the available literature, frequently directed
toward interface design and subsequently testing acceptance of the developed solution. While
interfaces design certainly is an important topic for HBCSS, we feel that there is a need to additionally
emphasize what we refer to as “habitual design”, i.e. the procedures and strategies to develop or
disrupt habits that may lead to the intended behavioural changes. Habits can be perceived as goal-
directed automaticity [33] and as such considerably guide performance of a behaviour [34]. Habits
also have a significant impact on the acceptance of new systems [35]. However, little is actually known
about the mechanics how to successfully create habits through software design [36]. We believe that
this is important as habitual design may not only be crucial for effectively generating the intended
perpetual effects (e.g. more physical exercising, cessation of alcohol use, healthier eating), but also
for improving long-term acceptance and continued use of HBCSS which takes us to our next research
challenge.
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4.3 Securing Long-term Motivation and Continued Usage

Since behavioural changes don’t occur instantaneously, HBCSS only work when the user is willing to
use the system over a longer period of time. Together with the creation of habitual use patterns it is
therefore of utmost importance to also integrate different kinds of stimulatory measures to ensure
long-term motivation of users, which to our view seems to be one of the hardest problems to solve as
this significantly also depends on contextual influences as described next.

4.4 Contextualization of User, Use, and Utility of Design

In the reviewed literature we found barely any approaches for contextualizing both technical and social
design of the proposed HBCSS. As we mentioned before, contextually anchored research is important
in order to (i) attain the intended effects and (ii) to better understand the capacities and limitations of a
system. We cannot assume that the implemented measures for persuasion, motivation, reputation or
coercion work for all users and for all use scenarios. Demographic, cultural, economic, and
psychosocial differences may critically influence the effects [37], and ultimately utility of HBCSS. Both
development and evaluation instruments need to take this into consideration and provide flexible
mechanisms for adaptation and learning (e.g. [34]).

5. Conclusions

HBCSS are exciting developments in health informatics because they provide a new way how to
influence the attitude and/or change people’s behaviour toward healthier life styles. In this paper, we
have analysed the topical and theoretical focus of 51 HBCSS studies and put forward four themes for
future research. We found that a stronger emphasis on emotional and habitual design principles is
needed as compared to currently predominant rather rational and technical design approaches. We
also identified a need for further research that on the one hand embeds contextual parameter as part
of the design, and on the other hand describes practical strategies for securing long-term motivation of
users.

Throughout this discussion of HBCSS, it must be recognized that this field of research emerged in the
past ten years and is therefore relatively young (cf. Appendix A). We are still at the beginning of what
promises to be a major facilitator for health promotion and disease prevention. If we compare how
much technology has changed our ways of doing daily routine activities and generally our lifestyles,
we can expect to withess major progress in the years to come with respect to contextual, emotional,
and habitual design of HBCSS.
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Munson, SA.; Cavusoglu, H.; Sociotechnical Challenges and Progress in Using Journal of Medical Internet 2013
Frisch, L.; Fels, S Social Media for Health Research
Nakajima, T.; Lehdonvirta, V Designing motivation using persuasive ambient mirrors  Personal and Ubiquitous 2013
Computing
Nguyen, H.; Masthoff, J Towards an architecture for an adaptive persuasive Persuasive Technology 2006
system
Oduor, M.; Alahaivala, T.; Persuasive software design patterns for social influence Personal and Ubiquitous 2014
Oinas-Kukkonen, H Computing
Ohrstrom, P Helping Autism-Diagnosed Teenagers Navigate and International Review of 2011
Develop Socially Using E-Learning Based on Mobile Research in Open and
Persuasion Distance Learning
Oinas-Kukkonen, H A foundation for the study of behavior change support Personal and Ubiquitous 2013
systems Computing
Orji, R.; Mandryk, RL Developing culturally relevant design guidelines for International Journal of 2014
encouraging healthy eating behaviour Human-Computer Studies
Redstrom, J Persuasive design: Fringes and foundations Persuasive Technology 2006
Rodriguez, MD.; Roa, JR;; CAMMInA: a mobile ambient information system to Personal and Ubiquitous 2013
Moran, AL.; Nava-Munoz, S motivate elders to exercise Computing
Saparova, D Motivating, influencing, and persuading patients through Perspectives in Health 2012
personal health records: a scoping review. Information Management
Tieben, R.; Sturm, J.; Bekker,  Playful persuasion: Designing for ambient playful Journal of Ambient 2014
T.; Schouten, B interactions in public spaces Intelligence and Smart
Environments
van Leer, E.; Connor, NP Use of Portable Digital Media Players Increases Patient Journal of Voice 2012
Motivation and Practice in Voice Therapy
van Limburg, M.; van Gemert- Why Business Modeling is Crucial in the Development  Journal of Medical Internet 2011
Pijnen, JEWC.; Nijland, N; of eHealth Technologies Research
Ossebaard, HC.; Hendrix,
RMG.; Seydel, ER
VanDeMark, NR.; Burrell, NR.; An exploratory study of engagement in a technology- Substance Abuse Treatment 2010
LaMendola, WF.; Hoich, CA.;  supported substance abuse intervention Prevention and Policy
Berg, NP.; Medina, E
Vidyarthi, J.; Riecke, BE Interactively mediating experiences of mindfulness International Journal of 2014
meditation Human-Computer Studies
Wiafe, |.; Nakata, K.; Gulliver,  Categorizing users in behavior change support systems Personal and Ubiquitous 2014
S based on cognitive dissonance Computing
Wohl, MJA,; Parush, A.; Kim,  Building it better: Applying human-computer interaction =~ Computers in Human 2014
HS.; Warren, K and persuasive system design principles to a monetary  Behavior
limit tool improves responsible gambling
Xu, A.; Chomutare, T.; Persuasive attributes of medication adherence Technology and Health Care 2014
lyengar, S interventions for older adults: A systematic review
Zuckerman, O.; Gal-Oz, A Deconstructing gamification: evaluating the Personal and Ubiquitous 2014

effectiveness of continuous measurement, virtual
rewards, and social comparison for promoting physical
activity

Computing

Proceedings of the 17" International

Symposium on Health Information

10

Management Research — ISHIMR 2015



Appendix B: HBCSS Research in Disciplinary Journals
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