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1. Introduction

Information and communication technology (ICT) has become part of people’s
everyday lives. It is no longer used only at work to enhance job performance, but
is an enabler for new service offerings, which do not recognise boundaries be-
tween digital and physical user experiences — ICT is everywhere. In recent years,
data processing has moved from computers to smartphones and tablet devices,
and various personal health and wellbeing technologies, such as activity monitors,
heart rate monitors, and home blood pressure monitors have also become popular.
The generalization of personal ICT and advancements in technology’s capabilities
has also opened up new possibilities for influencing people’s attitudes and behaviour.

People are influenced all the time when they communicate with other people or
receive information through mass communication, such as newspapers, television
and radio. Persuasion can be defined as “human communication designed to
influence the autonomous judgments and actions of others” (Simons et al., 2001).
In persuasive communication, people intend to persuade someone to change their
attitudes or the way they behave (McGuire, 1973). Besides traditional interperson-
al persuasion, there can also be computer-mediated or human-computer persua-
sion (Harjumaa and Oinas-Kukkonen, 2007). Computer-mediated persuasion
means that people intend to change the attitudes and/or behaviours of others
through social media, e-mail, instant messages, or other means of computer-
mediated communication. Human-computer persuasion means that there is no
other person communicating or sending the persuasive message, but the attitude
or behaviour change happens in interaction between human and computer. Per-
suasive technology is a computing system, device or application intentionally
designed to change a person’s attitude or behaviour in a predetermined way
(Fogg, 2003).

As no communication is persuasive by nature, any new technology is not inher-
ently persuasive. Persuasive technology does not focus on any attitude or behav-
iour change that has emerged as a side effect, but it is interested in the planned
effects. Thus, there is always intentionality involved in the development, distribu-
tion or adoption of persuasive technology (Fogg, 1998). Too often, systems are
developed from functional viewpoints — how they meet the functional requirements
of the customer, how they fit into the existing processes, or they are designed in
order to be easy to use and adopt. In order to be successful, they should also be
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designed to be driven by user values (Ervasti, 2013; Isomursu et al., 2011; Van
Gemert-Pijnen et al., 2011). Also, if their use should lead to attitude or behaviour
change, persuasive design plays an important role. Behaviour Change Support
Systems (BCSS) are sociotechnical information systems with psychological and
behavioural outcomes, and they are designed to form, alter or reinforce attitudes,
behaviours or an act of compliance without using coercion or deception (Oinas-
Kukkonen, 2013). BCSSs provide content and functionalities that engage users
with new behaviours, make them easy to perform and support users in their eve-
ryday lives (Oinas-Kukkonen, 2013). In persuasive design, classical principles that
are discovered to have an influence on attitudes and behaviours should be used.
Basically, strategies are adaptations of the classical strategies that people have
known for a long time (King and Tester, 1999). According to Fogg (2009), design
teams need a practical understanding of human psychology, especially of the
drivers of human behaviour because, without this understanding, they would de-
sign by guessing or imitating techniques that have been used in existing systems.
There are already several approaches to the design and evaluation of persuasive
systems for behaviour change, such as the relatively well-known Functional triad
(Fogg, 2003). However, there is a need for a more comprehensive framework
which describes how the principles can be implemented; that is, how to transform
them into software requirements and functionalities. It is also important to address the
question of how to integrate persuasive design approaches into systems development.

A domain where BCSSs can make a difference is e-Health. e-Health means a
new approach to delivering services and improving health care locally, regionally
and worldwide by using ICT (Eysenbach, 2001). Public health care struggles with
financial problems and there are pressures to reduce spending. Several countries,
especially in the western world, are going through a demographic change, which
has both economic and social implications. Over the last century, average life
expectancy has increased while birth rates have declined. In 2011 average life
expectancy exceeded 80 years across OECD countries, which is an increase of
ten years since 1970 (OECD, 2013). While people live a long time, they suffer
more often from many chronic conditions. Diseases such as diabetes and demen-
tia are increasingly prevalent. In 2011, almost 7% of 20-79 year-olds in OECD
countries, or over 85 million people, had diabetes. Also, cardiovascular diseases
are common, and they are the main cause of mortality in most OECD countries.
(OECD, 2013) The situation with the younger population is also challenging. Three
out of four children do not undertake moderate-to-vigorous exercise regularly, and
more than half (52.6%) of the adult population report that they are overweight or
obese. Across the OECD countries, 18% of the adult population is obese and the
trend is still growing. Since 2000, obesity rates have increased by a third or more
in 16 countries. (OECD, 2013) E-health systems have been seen as a solution to
the health care problems, but many e-Health technologies are not successful in
realizing sustainable innovations in health care practices (Van Gemert-Pijnen et
al., 2011).

Since the global financial and economic crisis began almost six years ago,
growth in health spending has slowed significantly (OECD, 2013). These savings
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show in people’s everyday lives as their not getting help for health problems in
their early stage. Although there should be more emphasis on prevention, preven-
tion expenditures in health care have been reduced since 2009 and they count
only for around 3—4 % of total health expenditure (OECD, 2013). Lifestyle change
is essential in the prevention of diseases, but it also remains a central part of the
treatment of chronic diseases, such as Type 2 diabetes, high cholesterol levels,
and high blood pressure (Jallinoja et al., 2007).

Few people think about how important lifestyle is in determining our health. It is
the single greatest opportunity to improve health and reduce premature deaths,
whereas medical care plays a relatively small role (Schroeder, 2007). Determi-
nants of health include: environmental exposure with 5%, health care with 10%,
social circumstances with 15%, genetic predisposition with 30%, and behaviour
patterns with 40% (Schroeder, 2007). However, studies have shown people are
not willing to change their behaviours. According to health care professionals,
patients’ unwillingness to change their habits is a major barrier to the treatment of
lifestyle-related conditions (Jallinoja et al., 2007).

It has been stated that persuasive systems are showing the potential to assist
in improving healthy living, reduce the costs on the health care system, and allow
elderly people to maintain a more independent life (Chatterjee and Price, 2009).
Technology has the potential for dynamic and unbiased information processing,
which enables people to monitor their own progress and to be informed about
risks specific to evolving contexts and motivations (Kennedy et al., 2012). Systems
have many benefits as persuaders, because they are interactive and can adapt
their persuasion strategies according to users’ actions. This kind of interactivity
has not been possible for the traditional media, such as radio, TV or newspapers.
They also have many advantages over human persuaders, such as persistence,
offering anonymity, managing large amounts of data, using many modalities to
influence people, scalability, and ubiquitousness. (Fogg, 2003) Behaviour change
support imbedded in e-Health systems can offer support for lifestyle changes and
thus lead to cost savings in health care as well as improvements in the quality of
life. Thus, there is a need to develop new methods for the design and evaluation
of BCSSs in the e-Health domain.

This doctoral thesis focuses on the development of persuasive systems. It pre-
sents a framework for designing and evaluating BCSSs and its applicability to e-
Health. The research question of this doctoral thesis is as follows:

RQ: How to develop behaviour change support systems?

The structure of the doctoral thesis is as follows. Section 2 describes the research
approach and methods. Section 3 presents the background and special attention
is given to the key theories of persuasion and persuasive technology that were
identified during the development of the Persuasive Systems Design (PSD) model.
Section 4 introduces the PSD model constructed during this study. Section 5 de-
scribes the validation of the model, and demonstrates how the model can be used
to design and evaluate behaviour change support systems. Results of the empiri-
cal studies are also summarized. In Section 6, the key implications of this work for
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both theory and practice are discussed and the construction process is also eval-
uated. Finally, Section 7 concludes the work. The original articles are included at
the end of this doctoral thesis.
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2. Research approach and methods

This section provides an overview of the research strategy employed in this doc-
toral thesis. Both conceptual analysis and empirical observations have been de-
ployed during the course of this study. As a whole, the research question is ap-
proached with design science (DS) research methodology.

2.1 Design science research methodology

Design science is a paradigm in information system science for understanding,
executing, and evaluating research which aims at designing new and novel arte-
facts intended to solve identified organizational problems (Hevner et al., 2004).
The artefacts can be defined as constructs, models, methods, or instantiations.
Peffers et al. (2007) have presented a research methodology for both production
and presentation of design science research. It includes six practical activities (see
Figure 1):

1. Problem identification and motivation
Definition of the objectives for a solution
Design and development
Demonstration

Evaluation

Communication.

oOgrwN

In their methodology, Peffers et al. (2007) also present four research entry points
including problem-centred initiation (starts with activity 1), objective-centred initia-
tion (starts with activity 2), design and development-centred initiation (starts with
activity 3), and client/context-initiated (starts with activity 4). The research entry
point depends on the initiation of the study: Was it, for example, triggered by an
observed real life problem or by an industry need. According to Hevner et al.
(2004), the design process is a sequence of expert activities that produces an
innovative product. The evaluation of the artefact provides feedback and a better
understanding of the problem used in order to improve the quality of the product
as well as the process. (Hevner et al., 2004)
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An analogous research paradigm to design science, constructive research, is
known in IS research and management accounting research. Constructive re-
search approach means problem solving through the construction of organization-
al procedures or models and thus, the term construction refers to an entity which
produces a solution to an explicit problem (Kasanen et al., 1993). livari (1991) has
suggested constructive research to denote the specific research methods required
for constructing artefacts, especially in Computer Science and Software Engineer-
ing. Although the approach emphasizes the meaning of a practical problem, an
essential part of the constructive approach is to link the problem and its solution
with accumulated theoretical knowledge. Also the novelty and the actual working
of the solution have to be demonstrated. (Kasanen et al., 1993)
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Figure 1. Design Science Research Process Model (Peffers et al., 2007).
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The constructive research process presented by Kasanen et al. (1993) is almost
equivalent to the design science research process presented by Peffers et al.
(2007). Its phases are as follows (Kasanen et al., 1993):

— Find a practically relevant problem which also has research potential
— Obtain a general and comprehensive understanding of the topic

— Innovate, i.e., construct a solution idea

— Demonstrate that the solution works

— Show the theoretical connections and the research contribution of the solution
concept

— Examine the scope of applicability of the solution.

Compared to design science research, the constructive research process is miss-
ing a definition of objectives for a solution and communication as distinct steps.
Also, the iterative nature of the process is not emphasized as much as in design
science research.

The design science research approach has been chosen as the research ap-
proach of this doctoral thesis, because it provides a methodology for finding solu-
tions for a real-life BCSS development problems and producing research results
that are relevant in practice. The design science research approach is well-suited
to this task (March and Smith, 1995; Lukka, 2003; Peffers et al., 2007). Based on
the Systems Development approach, design science research can be used as a
means of better understanding a research domain and also to change the pro-
cesses and products in the research domain (Nunamaker and Chen, 1990).

Figure 2 shows the study in the context of constructive research based on Lukka
(2003). The practical relevance of the problem and the solution was defined based
on Case |. The study provides an innovative construction, the PSD model, meant
to solve the real world problem. The construct is explicitly linked to prior
knowledge of persuasion, persuasive technology and IS development. The study
also demonstrates the practical applicability of the construction in three case studies
(Cases II, lll and 1V).
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Practical relevance of . I
Practical functioning
the problem and the L
solution: = = of the solution:
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Construction
(Solution to the initial
L problem): L
Connection to prior Conceptual study Theoretical
theory: contribution of the
Persuasion ] || study:
Persuasive A new way to design
technology and evaluate
IS Development persuasive systems

Figure 2. The study in the context of constructive research, based on Lukka (2003).

In design science research, it is important to show the research contribution of the
solution concept (e.g. Kasanen et al., 1993). Gregor (2006) has classified infor-
mation systems theories into five types including: 1) Theory for analysing, 2) Theory
for explaining, 3) Theory for predicting, 4) Theory for explaining and predicting,
and 5) Theory for design and action. Design science research, constructive re-
search and some other similar types of research methodologies are very relevant
for the fifth category, design theories (Gregor, 2006). Design theories describe
“how to do something”. They give explicit prescriptions for constructing an artefact
through providing methods, techniques, principles of form and function, as an
example. (Gregor, 2006) It has been pointed out that (too) often the focus in de-
sign science research is on design as an activity, rather than developing new
design theories, although it has been recognized that the contributions of design
science can be foundational for the design science knowledge base (Gregor,
2006). The research presented in this doctoral thesis contributes to the existing
knowledge base by describing a theoretical framework for a new area of research
where only a few theoretical efforts exist.

2.2 Case study

Case study research has been applied in all individual studies presented in this
doctoral thesis excluding the one conceptual study based on theoretical analysis.
As mentioned earlier the case studies serve two of the central elements of design
science research i.e. showing the practical relevance of the problem and the solu-
tion (Case I), and a demonstration of the practical functioning of the solution (Cas-
es I, Il and IV).
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Benbasat et al. (1987) have provided a definition of a case study: “A case study
examines a phenomenon in its natural setting, employing multiple methods of data
collection to gather information from one or a few entities (people, groups, or or-
ganizations). The boundaries of the phenomenon are not clearly evident at the
outset of the research and no experimental control or manipulation is used”.

The method was selected because it provides a methodology to study phe-
nomena in their natural context. Because of the applied nature of the IS research,
there has been an attempt to promote the use of this kind of idiographic research
approach (Franz and Robey, 1984). It has also been stated that case research is a
particularly appropriate approach when research and theory are at their early,
formative stages and when it is important to capture the experiences of the actors
(Benbasat et al., 1987). The case research approach can be applied in design
science research as a validation method, as an example. Both approaches are
associated with a practical orientation; capturing the knowledge of practitioners
(Benbasat et al., 1987) and provision of solutions to a practical problem (Hevner et
al., 2004).

Case research strategy usually employs multiple data collection methods and
ideally evidence from multiple sources will converge to support the research find-
ings (Benbasat et al., 1987). Yin (2009) lists the sources of evidence that can be
used in case studies: documentation, archival records, interviews, direct observa-
tions, participant observation, and physical artefacts. The qualitative data analysis
should be done thoroughly. Using multiple methods of data collection and working
with a research partner increase the accuracy of the data. When the research
results are reported it is important to aim to present the richness of the data, es-
tablish a clear chain of evidence and show the cause and effect in researcher’s
reasoning (Benbasat et al., 1987).

When case research strategy is being compared with alternative research
methods in the IS field such as laboratory experiments, field experiments and field
studies, a fundamental difference is that case study researchers have less a priori
knowledge of the variables of interest (Benbasat et al., 1987). However, the au-
thors emphasize that it depends on the study, and case researchers can have
more a priori knowledge.

2.3 Development process of the PSD model

The objective of this chapter is to describe how the PSD model was developed
and how the design science methodology was applied in the process. The chapter
is structured according to the six activities of the design science research process
model by Peffers et al. (2007). Because the development process followed a prob-
lem-centred approach, the process starts with the first activity and proceeds in a
nominally sequential order except for the last activity, communication. The re-
search process has involved communication between the different activities.
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2.3.1 Problem identification and motivation

According to Peffers et al. (2007), the first activity in the design science research
process is problem identification and motivation. During this activity it is important
to define the specific research problem and to justify the value of a solution. It is
important to study the state of the art of the problem and the importance of its
solution (Peffers et al., 2007). At the First International Conference on Persuasive
Technology for Human Well-Being in 2006 the author or this doctoral thesis (Har-
jumaa née Tyyneld) and Professor Oinas-Kukkonen published their first conceptu-
al article about persuasiveness and information systems. They stated as follows:

Our research aims at creating a theoretical framework which can be used as a
tool when studying persuasive systems, their persuasion strategies and methods,
and their persuasive effect. (Tyyneld and Oinas-Kukkonen, 2006)

However, the story began already a couple of years earlier, in March 2003, when
Professor Oinas-Kukkonen became acquainted with persuasive technology while
on his sabbatical at Stanford University. Immediately he started doing research on
persuasive technology, and after his return to the University of Oulu in January
2004 he started teaching it. When Professor Oinas-Kukkonen introduced the idea
of bringing the concept of persuasiveness into the IS discipline in 2006, it was a
relatively new area of research.

2.3.2 Definition of the objectives of a solution

The second activity in the design science research process is the definition of the
objectives of a solution (Peffers et al., 2007). The objectives can be quantitative or
qualitative. During this activity it is important to have a knowledge of the state of the
problems and possible current solutions and their efficacy. (Peffers et al., 2007)

In 2007 the authors conducted a case study (Case I) in which the persuasive-
ness of four Finnish language smoking cessation web sites was analysed using as
the framework Fogg's Functional Triad (Fogg, 2003). Data was collected with
expert-based inspection methods, more specifically with heuristic evaluation. Heu-
ristic evaluation is often used in usability studies: “In a heuristic evaluation, a small
set of evaluators inspects a system and evaluates its interface against a list of
recognized usability principles — the heuristics. Typically, these heuristics are general
principles, which refer to common properties of usable systems.” (Jaspers, 2009)

The study showed that some persuasion principles were manifested in these
web-portals, but they were not applied to their full extent. Although the main pur-
pose of the study was to understand how persuasiveness is manifested in a web-
based e-Health system, the suitability of Fogg's framework for analysing persua-
sive systems was also studied. It was found out that the principles proposed in the
framework are a resource for designers when it comes to fostering new ideas, but
how these principles can be implemented should be more clearly described; that
is, how to transform them into software requirements and functionalities. The three
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categories on persuasive technology functioning as a tool, a media or a social
actor were also seen as problematic, because the principles suggested within the
categories are not at an equal level of abstraction, the media category is quite
limited while it focuses on simulations, and the principles are overlapping.

The contribution of Case | in the development of the PSD model was to show
how persuasiveness can be manifested in an e-Health system, to demonstrate the
current practices and to help to identify the research question. Based on Case |, it
was concluded that there is a need for a theoretical framework which can be used
as a tool when designing and evaluating BCSSs. Case | is described in more
detail in Publication I.

2.3.3 Design and development

According to Peffers et al. (2007), the third activity in design science research
process is design and development. The main objective during this activity is to
create the artefact and to contribute to the research at the same time (Peffers et
al., 2007). The PSD model was developed during a conceptual study. It started in
2007 when the authors proposed a taxonomy of general persuasive approaches
with interpersonal, computer-mediated and human-computer persuasion as the
key types (Harjumaa and Oinas-Kukkonen, 2007). In the same article, they also
proposed a set of related theories to IS and persuasiveness, namely information
processing theory (McGuire, 1973), Cognitive consistency theory (Fraser et al.,
2001), the Elaboration Likelihood Model (Petty and Cacioppo, 1986) and Cialdini’s
(1993) Influence techniques approach. This article is not included in this doctoral
dissertation, because it is a work in progress type of article. However, it was an
important step, showing that applying theories from social psychology to systems
design seems to be a very promising research area, but that more research will be
needed.

In design science research the previous scientific research should be acknowl-
edged (Kasanen et al., 1993). Thus, the authors published a concise literature
analysis in 2008 (Publication Il) which suggested a set of key approaches to hu-
man-computer persuasion including Information processing theory (McGuire,
1973), Cognitive consistency theory (Fraser et al., 2001), the Elaboration Likeli-
hood Model (Petty and Cacioppo, 1986), Influence techniques approach (Cialdini,
1993), Coactive approach to persuasion (Simons et al., 2001) and Persuasive
technology framework (Fogg, 2003). This diverse set of persuasion theories was
used as a mechanism to recognize dimensions and approaches for developing a
practical conceptual framework. Theories were selected based on their diversity;
some of these theories explain the relationship between attitudes and behaviour,
other theories explain the persuasion process more generally, and some theories
concentrate on a narrower area of persuasion. All these theories have their own
starting points and restrictions, and they often rely on earlier theories of attitude
change and human behaviour. As a consequence of this study, subsequent re-
search was more focused, and the analysis of the existing theories helped to inte-
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grate and interpret information when the actual conceptual framework was devel-
oped. During the study the first definition was also given of a persuasive system:

We define a persuasive system as a computerized software or information system
designed to reinforce, change or shape attitudes or behaviours or both without
using coercion or deception. (Oinas-Kukkonen and Harjumaa, 2008a)

For the definition reinforcing, changing and shaping were adopted from Miller (2002),
whereas excluding coercion and deception was adopted from Fogg (2003), Cassell
et al. (1998) and Miller (2002), who stated that persuasion allows people voluntary
participation in the persuasion process.

To continue their work, in 2008 the authors published at a conference the first
version of the systematic framework for designing and evaluating persuasive sys-
tems (Oinas-Kukkonen and Harjumaa, 2008b). Later, in 2009 the article was ex-
tended to a journal article describing the PSD model (Publication IIl). The model
provides a holistic process of designing and evaluating persuasive systems.

Although the PSD model is called as “a model”, it should be noticed that, based
on the categorization of IT artefacts to constructs, models, methods, and instantia-
tions (Hevner et al., 2004), the PSD model is not literally a model but a method for
defining a process for the development of behaviour change support systems. The
methods provide guidance on how to solve problems, and they can range from
formal, mathematical algorithms to informal, textual descriptions of “best practice”
approaches, or some combination of these (Hevner et al., 2004).

The contribution of the Conceptual study is the conceptualization of Persuasive
Systems Design (PSD). Based on the Conceptual study, the PSD model was
communicated to the research audience, and it was ready for demonstration and
evaluation. The Conceptual study is described in more detail in Publications Il and III.

2.3.4 Demonstration and evaluation

These two activities of demonstration and evaluation are treated here as one
activity, because the difference between them is open to interpretations. The ob-
jective of the demonstration is to show that the idea works and the artefact solves
one or more instances of the problem. Several kinds of activities can be used in
the demonstration, such as experimentation, simulation or case study. (Peffers et
al., 2007) The objective of evaluation is to “observe and measure how well the
artefact supports a solution to the problem” (Peffers et al., 2007). Evaluation can
take many forms — the artefact’s functionality can be compared with objectives that
were set earlier, or it can be based on varying kinds of quantitative performance
measures. Hevner et al. (2004) categorize design evaluation methods into five
categories: 1) Observational (case study, field study), 2) Analytical (static analysis,
architecture analysis, optimization, dynamic analysis), 3) Experimental (controlled
experiment), 4) Testing (functional testing, structural testing) and 5) Descriptive
(informed argument, scenarios). Based on the evaluation, a decision can be made
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whether to iterate back to earlier stages, just improve the artefact or continue to
communication. (Peffers et al., 2007)

This doctoral dissertation describes three case studies (Case I, 1l and 1V)
where the PSD model was evaluated through observational design evaluation
methods. The main contributions of the case studies are summarized in Chapter 5.
Demonstration of the applicability of the model.

The objective of Case Il was to find out how the PSD model can be utilised to
support the identification of persuasive functionalities that would increase the
persuasiveness of the system. It was a multiple case study in which the PSD
model was applied during the user requirements analysis and concept design
phases of two selected cases. The data consisted of observation data and adhe-
sive notes describing the new persuasive functionalities and it was collected em-
pirically in co-creation sessions with in total 9 participants.

The contribution of Case Il is the demonstration of the PSD model in infor-
mation systems design. The model helped to identify new requirements for per-
suasive systems and it was also useful in increasing the awareness of the possi-
ble features. Case Il showed that the PSD model is suitable for solving the prob-
lem “how to design behaviour change support systems”. Case Il is described in
more detail in Publication IV.

The objective of Case Il was to study how a training programme in a new pro-
totype heart rate monitor promotes proper exercising. It was a multiple case study
in which the PSD model was applied for analysing the system features through an
expert-based heuristic evaluation and also for guiding the qualitative analysis and
structuring the user experience findings. The empirical data was collected during a
qualitative, longitudinal (three-month-long) multiple-case study approach where
the unit of analysis was an individual user. There were in total 12 participants. The
study showed that different people experience the persuasive features in different
ways, and it also suggested that more information is needed on the appropriate
combinations of persuasive strategies.

The contribution of Case Il is the demonstration of the PSD model in infor-
mation systems evaluation. Case lll showed that the PSD model helps to identify
persuasive techniques in system functionality. It also demonstrated how persua-
sive techniques function in practice, i.e. how users experience them. Case Il is
described in more detail in Publication V.

The objective of Case IV was to analyse the adoption of a multimodal medica-
tion management system (MMS) targeted on older people and home care profes-
sionals. Users’ expectations and user experiences were studied in particular. It
was a case study in which the PSD model was used to discuss how the persua-
sive features or a multimodal medicine management system addressed patient-
centred factors influencing non-adherence. The empirical data was collected
through qualitative co-design sessions and field trials where interviews were used
as a data collection method. There were 11 participants in co-design sessions and
8 in field trials, which makes 19 participants in total. The study revealed that a
system that merely satisfies users during the prototype building phase does not
necessarily succeed as well as expected in the field trials. It was also found that it
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would be important to consider reasons for medication non-adherence and non-
technology factors influencing willingness to adopt new assistive devices in order
to promote diffusion of new MMSs at home.

The contribution of Case IV is the demonstration of the PSD model in infor-
mation systems evaluation. Case IV showed that, by helping the identification of
persuasive techniques in system functionality and by providing examples of per-
suasive system functionalities, the PSD model helps to identify new persuasive
functionalities that can help to design more effective MMSs. Case IV is described
in more detail in Publication VI.

After its publication, the PSD model has been systematically studied at the Uni-
versity of Oulu and it has been widely adopted by the research community (see
Chapter 6. Discussion). Further research has evaluated the feasibility of the cate-
gories, as an example, and the results are promising (see e.g. Lehto et al., 2012a;
2012b). The studies have shown that the PSD model has both theoretical and
practical relevance, and that there is no need to iterate back to earlier stages of
the design science process, but just to improve and refine the artefact.

2.3.5 Communication

The sixth activity in the design science research process is the communication. Its
purpose is to “communicate the problem and its importance, the artefact, its utility
and novelty, the rigour of its design, and its effectiveness to researchers and other
relevant audiences such as practicing professionals, when appropriate.” (Peffers
et al., 2007) Although communication is the “last” activity, it does not necessarily
mean that it is performed at the end of the study. Peffers et al. (2007) point out
that, although the process is structured in a nominally sequential order, it is not
expected that researchers would proceed in sequential order from activity 1
through to activity 6. As the earlier description shows, the design science research
process described in this doctoral dissertation has involved communication, such
as publication of scientific articles, between the different activities.

2.3.6 Summary
Figure 3 illustrates the studies that were conducted during the research process,

as well as the resulting publications and their contributions. The primary focus of
this doctoral thesis is the construction and demonstration of the PSD model.
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3. Related work

This section presents the related work for the doctoral thesis. It presents related
research on design and evaluation of behaviour change support systems and also
describes the key theories of persuasion and persuasive technology behind the
PSD model. As described in Publication I, these key theories include Information
processing theory (McGuire, 1973), Cognitive consistency theory (Fraser et al., 2001),
Elaboration Likelihood Model (Petty and Cacioppo, 1986), Influence techniques
approach (Cialdini, 1993), Coactive approach to persuasion (Simons et al., 2001)
and Functional Triad (Fogg, 2003). Furthermore, this chapter presents BCSS
frameworks that have been developed for e-Health context especially and dis-
cusses some the behaviour change related challenges in the e-Health domain.

3.1 Positioning the related work

There are many research fields that can offer frameworks and methods for the
development of persuasive systems. In this doctoral dissertation, the theoretical
background is discussed through three lenses: 1) traditional persuasion (see 3.2
Attitude and behaviour change), 2) BCSSs (see 3.3 Behaviour change support
systems) and 3) e-Health (see 3.4 Behaviour change and e-Health domain).
These three lenses are illustrated in Figure 4.

Traditional persuasion theories aim to describe how to change people’s atti-
tudes and/or behaviours through traditional communication methods. Often their
role is to provide background information and theoretical bases for the actual
BCSS frameworks. Sometimes they are also used as such in the IS field.

BCSS frameworks aim to describe how to understand and develop persuasive
systems where people’s attitudes and/or behaviours are aimed to change through
interactive technology. They aim to provide concrete principles and guidelines
and, they are, therefore, most useful in the development work, such as concept
design, implementation and evaluation.

e-Health discusses the behaviour change-related challenges in e-Health do-
main and also describes BCSS frameworks that have been developed for an e-
Health context, especially. BCSS frameworks for e-Health describe the develop-
ment process on a more general level and they are, therefore, useful especially in
introducing the issue to people who are not that familiar with BCSS development
in general.
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3.2 Attitude and behaviour change

Attitudes are “general evaluations people hold in regard to themselves, other peo-
ple, objects, and issues” (Petty and Cacioppo, 1986). Petty and Cacioppo (1986)
state that human feelings, beliefs, and behaviours are greatly influenced by atti-
tudes. Persuasion is “human communication designed to influence the autono-
mous judgments and actions of others” (Simons et al., 2001). In persuasive com-
munication, people intend to persuade someone to change their attitudes or the
way they behave (McGuire, 1973). According to Simons et al. (2001), persuasion
has three core properties:

— the central character has a clear intent to persuade
— communication is used to accomplish that goal
— message recipients are invited to make a choice of some sort.

Persuasion has traditionally been regarded as a communication process in which
a persuader sends a persuasive message to a persuadee or audience, although
always leaving the persuadee with the power of decision (Simons et al., 2001).
The difference between influence and persuasion is that the term influence refers
to any change in attitudes, whereas persuasion refers to “any change in attitudes
that results from exposure to a communication” (Petty and Cacioppo, 1986). The
persuasion process can lead to three possible behavioural outcomes: a response-

28



shaping outcome, a response-reinforcing outcome, and a response-changing
outcome (Miller, 2002). It is often emphasized in the literature that persuasion
differs from other forms of attempted influence, such as material inducements and
coercion: “It is not the iron hand of torture, the stick-up, or other such forms of
coercion. Nor, in its purest senseg, is it the exchange of money or other such mate-
rial inducements for actions performed by the person being influenced. Nor is it
pressure to conform to the group or to the authority of the powerful.” (Simons et
al., 2001)

In this doctoral thesis, the relationship between persuasion and IS field is being
examined. Earlier persuasion has been studied in many different fields. Systemat-
ic study of persuasion was instigated by the ancient Greeks who used rhetoric to
create a demaocratic, civil society. Later rhetoricians have expanded the range of
their studies to media critics, cultural analysts, and others. Whereas rhetoricians
have had a humanistic and sometimes critical approach to persuasion, social
scientists and especially applied social scientists have been interested in mass
persuasion, political campaigns and product advertising, having a more permissive
approach to persuasion. Social scientists have developed many methodologies for
studying persuasion, such as focus group interviews, surveys, polls, and quantita-
tive content analysis. They also conduct experimental research under controlled
conditions in order to develop generalizable knowledge. (Simons et al., 2001)

In IS research, studying users’ attitudes and behaviour has a long history. Ac-
cording to Rawstorne et al. (1998) attitudinal theories from social psychology are
most widely applied in predicting user intentions and user behaviour, including the
Theory of reasoned action (TRA) (Fishbein and Ajzen, 1975), the Technology
acceptance model (TAM) (Davis, 1989), the Theory of planned behaviour (TPB)
(Ajzen, 1991), and Social cognitive theory (SCT) (Bandura, 1986). Along with
many other theories and models, their purpose has been to predict and under-
stand the individual acceptance of information technology. The basic concept
underlying all user acceptance models is that the user’s reactions to using infor-
mation technology influence the user’s intention to use IT and actual use of IT.
Also the user’s intentions to use IT influence the actual use of IT (see Figure 5).
(Venkatesh et al., 2003) In 2003 Venkatesh et al. reviewed eight acceptance theo-
ries and their extensions, and formulated and validated a United Theory of Ac-
ceptance and Use of Technology (UTAUT).

Individual reactions

to usin Intentions to use Actual use of
informat;gon information information
technology technology technology

Figure 5. Basic concept underlying user acceptance models (Venkatesh et al., 2003).
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Although the focus on studying users’ attitudes and behaviour has merely been on
technology acceptance, there are also studies where the focus is persuasion as
such. Parmar et al. (2009) based the design of a personal health information sys-
tem for rural women to increase their awareness about maternal health on TPB
(Ajzen, 1991). They showed that it is beneficial to employ persuasive strategies in
an interactive system to increase perceived behavioural control of users against
existing social beliefs and practices related to maternal health, because it leads to
a higher intention to change behaviour (Parmar et al., 2009). The Elaboration
Likelihood Model (ELM) (Petty and Cacioppo, 1986) has been found to be very
useful in IS research. It has been used e.g. by Dijkstra et al. (1998) who studied
the persuasiveness of expert systems. Because the ELM states that people are
likely to make their judgment on peripheral cues if they are less motivated or una-
ble to judge the message on its contents, Dijkstra et al. (1998) studied if the
source of the message influences on the objectivity or rationality of the advice
given by an expert system. It was found that advice given by a computer is per-
ceived to be more objective and rational compared to that given by human advi-
sors (Dijkstra et al., 1998). Tam and Ho (2005) selected the ELM as the theoretical
framework for their study exploring the relationships between different elements of
web personalization strategies. They used the model as a source for research
questions and hypotheses. They found that matching users’ preferences is the key
to heightening elaboration and influencing users’ choice of personalized offers.
Preference matching means that, if a personalization agent is able to generate
content that matches the taste and preference of a user, the user is more likely to
process the content (e.g. personalized offers) to a greater extent before arriving at
a decision (e.g. accepting the offers). (Tam and Ho, 2005) Angst and Agarwal
(2009) investigated whether individuals can be persuaded to change their attitudes
and opt in to behavioural intentions towards electronic health records (EHR), al-
lowing their medical information to be digitized even in the presence of significant
privacy concerns. They applied the ELM to examine attitude change and the likeli-
hood of opting in to an EHR system. They found out that, even when people have
major concerns about privacy, their attitudes can be positively altered with appro-
priate message framing i.e. focusing on the characteristics of the message itself.

As Fogg (2003) has stated, despite the large amount of work that has been
done in the field of persuasion, there is not a single definition of persuasion or a
theory that would fully explain what motivates people and makes them change
their attitudes or behaviour, or both (Fogg, 2003). However, some of the key theo-
ries of persuasion are described in this chapter.

3.2.1 Information processing theory

McGuire (1973) sees persuasion as a reason for communication: people com-
municate in order to give information, to ask for help, to give orders, to make
promises, to provide amusement, or to express their ideas. They may also com-
municate because they have an intention to persuade someone to change their
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attitudes or behaviours. McGuire states that the study of persuasion is interesting
from the scientific side in order to understand people’s behaviour, and also from
the practical side in order to understand techniques that can be valuable for adver-
tisers, politicians and educators (McGuire, 1973). McGuire represents the experi-
mental research direction and thus points out that it is important to understand the
process of persuasion and all the factors that can contribute to the success or
failure of the process. Then, by varying each of these factors, it is possible to see
what kind of effects they have. The variables can be classified as independent
variables, which are manipulated in a study, and dependent variables, which are
measured in order to evaluate the expected change. These variables define the
communication—persuasion matrix, which summarizes the knowledge that exists
about the relations between these variables. McGuire’s “information processing
approach” states that independent variables should relate to the aspects of com-
munication, and dependent variables to the recipient’s information processing —
what happens when the person receives the message. (McGuire, 1973)

In the information processing approach, the independent variables define “who
says what to whom, via what channel, and with what effect” (McGuire, 1973).
Thus, there are five classes of independent variables: source, message, channel,
receiver, and destination. Regarding the other side of the communication—
persuasion matrix, the dependent variables, McGuire defines a six-step process
that the person must go through when they are persuaded: 1) Presentation of the
communication, 2) Attention of the presented communication, 3) Comprehension
of the arguments, 4) Yielding or complying to the new position suggested, 5) Re-
tention or maintenance of the new position, and 6) Action on the new attitude or
behaviour suggested. (McGuire, 1973)

McGuire states that the information processing approach helps to organize
thinking about persuasion, for instance when designing and evaluating campaigns.
He emphasizes the importance of understanding the roles of the attention and
comprehension phases in the process, and not only focusing on later phases,
such as yielding and overcoming resistance, which have been overemphasized in
research. (McGuire, 1973)

McGuire reminds us that the information processing approach is only one of the
several approaches that have been applied in the psychological research on per-
suasive communication. It differs from other approaches by emphasizing the role
of the recipient as an active information processor. To compare, McGuire high-
lights the consistency-theory approach, which states that the recipient is an “hon-
est broker” who is trying to achieve an optimal compromise among many conflict-
ing forces. The second example, the perceptual approach to persuasive commu-
nication, states that the recipient is a conceptualization machine who sorts the
stimuli into categories and changes his or her categorizing system when neces-
sary. Interpretations of the persuasion situations are different. Whereas the infor-
mation processing approach sees that the person has changed his or her atti-
tudes, the perceptual approach sees that the person has changed his perception
of what his attitude is about. Thirdly, McGuire compares the information pro-
cessing approach to a functional approach focusing especially on one type of
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function, defending one’s own ego. This theory states that attitudes serve to help a
person live with him or herself and with the inadmissible needs that drive them on.
Thus, the attitudes are not derived from experience or knowledge, but the person’s
own deep-seated needs. Although the approaches have often been seen as com-
peting with each other, McGuire suggests that they are not mutually exclusive, but
complementary. (McGuire, 1973)

3.2.2 Cognitive consistency theory

Cognitive consistency is a very general idea about people liking that their views
about the world are organized and consistent. If there is inconsistency, people feel
uneasy and feel obligated to think about the inconsistencies in order to reorganize
their thinking and restore consistency. The subject has been studied especially in
the 1950s and early 1960s, and several models have been developed to explain
this phenomenon. The state when everything is consistent is called equilibrium,
congruity, balance or consonance, depending on the model. (Fraser et al., 2001)

One of the theories based on the idea of cognitive consistency is the theory of
Cognitive Dissonance (Festinger, 1957). According to Festinger, three types of
relationship can exist between two cognitive elements in people’s minds. They can
be irrelevant to each other, consonant, or dissonant. A dissonant, i.e. conflicting,
relationship exists if two cognitive elements seem contradictory to the person who
holds them. Festinger states that, if people detect that their thinking shows cogni-
tive inconsistency, they feel uneasy and experience dissonance. It feels unpleas-
ant, and they attempt to remove or reduce the dissonance. According to Festinger,
it is likely that dissonance arises every time a person is making a decision be-
tween at least two competing alternatives. After the decision making, selective
exposure to information occurs and the person avoids exposure to information
about the rejected option, but is still open to learn about the chosen option. (Fraser
et al., 2001)

The theory of cognitive consistency has been criticized by many researchers.
They have pointed out that few people appear to be as consistent as being as the
theory proposes, but instead people can live with minor inconsistencies between
attitudes and behaviour. Thus, many theorists have proposed narrowing of the
scope of the cognitive consistency theory. It has been recognized that, for incon-
sistency to create dissonance, it is necessary to feel a commitment to the attitudes
and behaviour involved. Also, if a person has had no choice but to behave incon-
sistently, they can live with the inconsistency. Cooper and Fazio (1984) have re-
vised the theory of cognitive consistency by stating that “if someone detects cogni-
tive consistency on her part, and she perceives the inconsistency as having likely
aversive consequences for her, and if she accepts personal responsibility for the
inconsistency, then dissonance will be aroused” (Fraser et al., 2001). However, “a
fleeting sense of unease” is not enough to function as dissonance motivation to
encourage person to do something. Only if the dissonance arousal is labelled
negatively by the person and she accepts responsibility of the negative arousal,
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will she experience dissonance motivation and engage in attitude or behaviour
change.

3.2.3 Elaboration Likelihood Model

ELM is a general framework for understanding the basic attitude change process-
es that can result from exposure to persuasive communications. It attempts to
integrate many research findings and theoretical considerations under one com-
prehensive framework. The model outlines two routes to persuasion: central and
peripheral routes. The central route is based on a careful and thoughtful assess-
ment of the central merits of the information presented in support of an advocacy.
The peripheral route is based on some simple cue (cognitive, affective, or behav-
ioural) in the persuasion context that induces attitude change. The ELM deals with
persuasive communications, but the basic principles of ELM may be applied to
other attitude change situations.

The ELM is based on seven postulates. The first postulate states that people
are motivated to hold correct attitudes. Correctness does not refer to any objective
truth, but to the subjective perception of which attitudes are right and wrong. Petty
and Cacioppo refer to studies that have shown that often people decide the cor-
rectness of an attitude by comparing it to the opinions of the other people. However,
they state that besides the number of others who hold this opinion, people use a
variety of different standards to determine which attitudes are correct for them.
People also use different standards in different situations. Petty and Cacioppo
(1986) finally state that people decide the correctness of the attitudes depending
on how beneficial they are for the physical or psychological well-being of a person.

The second postulate reminds us that, even if people are motivated to hold cor-
rect attitudes, their willingness and ability to engage in order to evaluate a mes-
sage varies depending on the individual and context. It is possible that, if the moti-
vation and ability to process are really low and some really positive or negative
cue occurs, people’s attitudes may even change without their awareness. They
also assume that the more important the issue is, the more effort people are will-
ing to use to process it. The extent of evaluation or “the extent to which a person
carefully thinks about issue-relevant information” is called elaboration (Petty and
Cacioppo, 1986). In a persuasion context, it means that people examine the issue-
relevant arguments in contained in the persuasive communication. It is said that
the elaboration likelihood, the likelihood of people to attend to the persuader’s
appeal, is high if people have both the motivation and ability to engage in issue-
relevant thinking.

The third postulate states that variables can affect the amount and direction of
attitude change in three ways: 1) they can serve as arguments, or 2) peripheral
cues, or 3) they can affect the extent or direction of issue and argument elabora-
tion. This categorization is suitable for many of the communication variables
(source, message, recipient, channel, and context) mentioned in the literature. In
the ELM, argument can be defined as “bits of information contained in a communi-
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cation that are relevant to a person’s subjective determination of the true merits of
an advocated position” (Petty and Cacioppo, 1986). People differ with regards to
their understanding of the central arguments and, thus, what is “relevant infor-
mation” may vary from situation to situation and from person to person. Studies
have shown that, for example, both high and low self-monitors (measured by the
self-monitoring personality scale) follow the central route to persuasion, but they
differ regarding the features they find central (Snyder and DeBono, 1985). Petty
and Cacioppo emphasize that, in the ELM, arguments can be based on affective,
cognitive and behavioural factors, in the same way as for the peripheral cues, if a
person perceives that they are the central arguments. In the ELM, “peripheral cues
refer to stimuli in the persuasion context that can affect attitudes without necessi-
tating processing of the message arguments” (Petty and Cacioppo, 1986). They
trigger primitive affective states that become associated with the attitude object. A
variable can also affect persuasion by influencing the extent or direction of mes-
sage elaboration. The extent can differ from very little to very much. In addition to
the quantitative dimension of extent of processing, the ELM makes a qualitative
distinction between objective and biased elaboration (4™ and 5™ postulate).

The fourth postulate states that variables affecting motivation and/or ability to
process a message in a relatively objective manner can do so by either enhancing
or reducing argument scrutiny. When a person has the motivation or ability to
process the message in a relatively objective manner, they try to seek or they
have the requisite knowledge to consider the arguments. A variable can then
either motivate or constrain people to see the strengths of strong arguments and
the flaws of the weak ones, or prevents them from doing so.

The fifth postulate states that variables affecting message processing in a rela-
tively biased manner can produce either a positive (favourable) or negative (unfa-
vourable) motivational and/or ability bias to the issue-relevant thoughts attempted.
If a variable affects the motivation in a biased manner, it can encourage or con-
strain the generation of either favourable or unfavourable thoughts in particular. If
a variable affects the ability in a biased manner, the person’s knowledge base or
situational factors make it more likely that one side will be supported over another.

The sixth postulate state that, as motivation and/or ability to process arguments
is decreased, peripheral cues become relatively more important determinants of
persuasion. Conversely, as argument scrutiny is increased, peripheral cues be-
come relatively less important determinants of persuasion. This means that there
is a trade-off between message elaboration and the effectiveness of the peripheral
cues. If the person’s ability is high but the motivation is low, little argument pro-
cessing will happen, but the possible influence will be a consequence of simple
cues associated with the argument. When the motivation increases, a person’s
attitude change may occur via the central route. If the motivation is high, but the
ability is low, the person wants to process the message arguments, but cannot do so.
In this kind of situation, the possible influence may occur whether via the central or
peripheral route, but the peripheral route is more likely. When the ability increases,
a person’s attitude change may occur via the central route. If both motivation and
ability are low, the possible influence will happen via the peripheral route.
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The seventh postulate states that attitude changes that result mostly from pro-
cessing issue-relevant arguments (central route) will show greater temporal per-
sistence, greater prediction of behaviour, and greater resistance to counterper-
suasion than attitude changes that result mostly from peripheral cues. This postu-
late is based on the fact that, via the central route, attitude changes are based on
thoughtful consideration of issue-relevant information and integrating that infor-
mation into the existing knowledge. Because this requires more cognitive work
than attitude processing via the peripheral route and a person needs to access the
schema for the attitude object in order to evaluate each new argument, it strengthens
and finally becomes internally consistent, accessible, enduring and resistant. Because
of its accessibility, the attitude people are more able to report the same attitude
over time, to defend their beliefs, and to act on them. (Petty and Cacioppo, 1986)

3.2.4 Influence techniques approach

Cialdini (1993) has presented six persuasion principles that trigger compliance i.e.
make people respond favourably to a request made by other person. The princi-
ples are mostly based on his work as a participant observer in the field, among
those who practice compliance every day. According to Cialdini (1993), there are
thousands of different tactics that people use, but the majority of them fall within
these six basic categories: reciprocation, commitment and consistency, social
proof, liking, authority, and scarcity. These principles are used in human commu-
nication to trigger wanted behaviour i.e. to cause automatic response in the re-
ceiver. In everyday life, people use learned stereotypes, rules of thumb, to classify
things according to a few key features, and then to respond without thinking when
one or another of these trigger features is present. Similarly to Elaboration Likeli-
hood Model, Cialdini also brings out that, if people have enough desire and ability,
they may respond to triggers also in a controlled way, meaning a tendency to react
on the basis of thorough analysis of all of the information. However, Cialdini’'s work
is focused merely on people’s automatic responses.

The principle of reciprocation is pervasive in all human societies. Basically, it
means that people feel obligated to repay what another person has provided for
them. The sense of future obligation enables the development of various kinds of
relationships, transactions, and exchanges that are beneficial for society. It has
been said that this principle is an important part of humanity — over the years peo-
ple have survived, because they have felt obligated to share food and other re-
sources in their networks. This category includes many tactics that are variations
of the same basic principle. As an example, these include giving something before
asking for a certain favour or using rejection-then-retreat technique by starting with
an extreme request that is sure to be rejected and then retreating to a smaller
request that is likely to be accepted. (Cialdini, 1993)

The principle of commitment and consistency states that people have a desire
to be consistent with all the things they have done before and, therefore, people
can be persuaded by getting them to make commitments. After making a choice,

35



people feel pressure to behave consistently with that commitment. Those pres-
sures make people respond in a way that justifies the earlier decision. According
to Cialdini, people tend to be convinced that they have made the right choice and
feel better about the decision. As mentioned earlier, also social psychologists
other than Cialdini see that a desire for consistency is a central motivator of be-
haviour. One reason to explain this powerful motive is that personal consistency in
highly valued in human culture, showing personal strength; generally speaking,
consistent conduct is beneficial in everyday life, and consistency to earlier com-
mitments functions as a rule of thumb, a shortcut, and thus makes life easier.
(Cialdini, 1993)

The principle of social proof states that correctness of a behaviour is often de-
termined by how other people think or perform in a situation. It is most influential
under two conditions. The first one is ambiguous situations where people are
unsure about how they should behave in a certain situation, and they use social
proof as a rule of thumb to guide them. The second one is similarity — people tend
to follow the lead of people like themselves (Cialdini, 1993)

The principle of liking states that people tend to comply with the requests of in-
dividuals who they know and like. Thus, emphasizing factors that increase the
overall attractiveness and likeability of the persuader promotes persuasion. “Lik-
ing” is a vague term, but it consists of three factors: 1) physical attractiveness, 2)
similarity and 3) increased familiarity through repeated contact with a person or a
thing. (Cialdini, 1993)

The principle of authority states that people tend to comply with the requests of
the authorities, even to the extent that they may act against their own preferences.
People’s reactions to the authorities can be automatic, and thus, people tend to
comply with the request in response even to the mere symbols of authority, such
as titles, clothing, and autos (Cialdini, 1993).

The principle of scarcity means that people see things as more appealing and
more valuable if they are less available. This “limited number” ploy is widely used
in business, and the “deadline” approach in which customers are pressured to
make an immediate decision to buy is one variation of it, for instance. The power
of scarcity can be explained by two factors. Limited availability can serve as a
shortcut cue to its quality. People may also feel that if they will not get something,
they will lose freedoms. According to the psychological reactance theory, people
respond to the loss of freedoms by wanting to have them more than before.
(Cialdini, 1993)

In his book, Cialdini presents many examples from the animal world of triggers
and behaviour, but he points out that behaviour patterns are not totally similar
between humans and animals. The automatic behaviour patterns of humans tend
to be learned rather than innate. They are also more flexible than those animals
have, and responsive to a larger number of triggers.

Although people’s cognitive shorthands or rules of thumbs are not always cor-
rect, Cialdini (1993) points out that they are beneficial for us. It would be difficult to
recognize and analyse all the aspects in each person, event, and situation we
encounter every day.
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3.2.5 Coactive approach to persuasion

Often persuasion has been discussed either from the perspective of the per-
suadee or the persuader, but in their book Simons et al. (2001) have a dual per-
spective — it is written for both persuader and persuadee. Their coactive approach
to persuasion aims to help persuaders to move psychologically towards per-
suadees and expects that persuadees will thus change their attitudes or behaviour
more easily.

The coactive approach to persuasion is based on six basic characteristics. To
begin with, it is receiver-oriented rather than source-oriented. This means that it
takes place largely on the message recipients’ terms. It assumes that receivers
are a heterogeneous group of people and that they are not alike. (Simons et al., 2001)

In addition, the coactive approach is situation-sensitive and recognizes that all
receivers respond differently in different situations. Sometimes the message recip-
ient has more time to examine the message more thoroughly, whereas at other
times they have to rely on cognitive shorthands. Recipients’ expectations are
important to recognize, and persuaders have to know what is required from them
in certain situations. (Simons et al., 2001)

It is essential that the persuader moves psychologically towards the per-
suadees by giving an impression of communicating with the recipients rather than
communicating at them. This can be done by using similarity, expertise and trust-
worthiness. Similarities in background, experience, and group affiliation should be
emphasized. Sometimes, however, it is beneficial that the persuader appears to
be different in ways that makes them appear more expert. Attractiveness and
credibility do not always go hand in hand, but the major determinants of credibility
are perceived expertise and trustworthiness. (Simons et al., 2001)

Simons et al. (2001) also state that in coactive approach persuaders addresses
controversial matters by appeals to premises the audience can accept. They pre-
fer offering arguments and evidence in support of their arguments and they use
carrots instead of sticks in conflict situations.

The coactive approach moves audiences from premises to desired actions or
conclusions by both appearing reasonable and providing psychological income.
This can be done by following many guidelines. These include linking the proposal
with beliefs and values already held by the audience, convincing the audience that
the proposal has the support of people they most admire, facilitating information
processing by simplifying the message, exploiting the benefits of interactive situa-
tions for positive reinforcement of desired responses, exploiting the tendency of
the persuadees to form not only conscious but also unconscious associations to
people and ideas and encouraging role-playing of the desired behaviour with per-
suadees opposed to the position of the persuader. (Simons et al., 2001)

Finally, Simons et al. (2001) state that the coactive approach aims to make full
use of the resources of human communication. This includes not only what is said
but also how it is said. It is important to remember that communication is not
words alone, but that the surroundings in which the message is delivered makes a
difference, and persuaders are sometimes able to arrange and select them. Also,
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the medium can make a difference. It can be oral or written, verbal or nonverbal,
direct or indirect, and the persuader can select from many options which medium
to use — is it newspapers, magazines, word of mouth, television, telephone,
memo, e-mail, bulletin board, platform speech, conference, loudspeaker, informal
conversation, or a company newspaper. According to Simons et al. (2001) “the
medium is nothing but a message carrier”. Different media have different kind of
technical capabilities and different kinds of ability to invoke feelings.

3.3 Behaviour change support systems

According to Oinas-Kukkonen (2013) BCSS can be defined as follows:

A behaviour change support system (BCSS) is a sociotechnical information
system with psychological and behavioural outcomes designed to form, alter or
reinforce attitudes, behaviours or an act of complying without using coercion or
deception.

The PSD model developed in this doctoral thesis is linked to the BCSS research
model, as it is applied as the state of the art conceptualization for designing and
developing BCSSs. BCSS provides content and functionalities that engage users
with new behaviours, make them easy to perform and support users in their eve-
ryday lives. (Oinas-Kukkonen, 2013)

When behaviour change and technology development was introduced for the
first time together, it was called persuasive technologies. The study of computers
as persuasive technologies was introduced at CHI 97 as a new area of inquiry
(Fogg, 1998). The acronym “captology” was based on the phrase “computers as
persuasive technologies” and it referred to a research area focusing on the “de-
sign, research, and analysis of interactive computing products created for the
purpose of changing people’s attitudes or behaviours” (Fogg, 2003). Soon the
acronym captology gave place to the term persuasive technology. As not all com-
munications are not persuasive, any new technology is not inevitably persuasive.
Persuasive technology does not focus on any attitude or behaviour change that
has emerged as a side effect, but it is interested in the planned effects. As was
mentioned earlier, true persuasion requires an intent to change attitudes or behav-
iours and thus, not all behaviour change is the result of persuasion (Fogg, 1998).
There is always intentionality involved in the development, distribution or adoption
of persuasive technology (Fogg, 1998). Because technology do not have inten-
tions of its own, those who create, distribute, or adopt the technology have the
intent to change someone’s attitudes or behaviours. Fogg suggests that there are
three kinds of intents: by those who design the technology (endogenous), by those
who give access or distribute the technology (exogenous), and by the person who
adopts the technology (autogenous). (Fogg, 1998)

Although the study of computers as persuasive technologies was introduced in
1997, and in the decade following 1998 several emerging devices, applications,
and experimental projects have appeared in the market, persuasive systems are
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not a totally new phenomenon (Chatterjee and Price, 2009). Persuasive technolo-
gies can be divided into four generations:

1. Prescriptive systems started in the late 1960s and 1970s. They supported
the communication between the health care professional and the patient
through the use of telephones for communication and computer-generated
brochures, as an example, as content.

2. Descriptive systems started in 1985. They provided information and educa-
tional content first through text-based systems and later in multimedia for-
mat which became popular after the emergence of the Internet, the web,
and PC’s.

3. Environmental systems started in 1999. They were more advanced com-
pared to their predecessors in the use of body-wearable sensors, context-
aware technologies, and real-time exchange of information.

4. Automated systems have started in 2012. These future systems are char-
acterized by advanced automation techniques in which human intervention
is minimal. (Chatterjee and Price, 2009)

Regarding the user population, it is expected that the fourth generation systems
will have the possibility to reach people more than before, because there are many
prevailing trends that support the emergence of BCSSs. First of all, Internet ac-
cess and use has become more common. In 2013, 79% of European households
had access to the Internet, 76% had a broadband connection and more than 60%
of Europeans used the internet daily. Certain countries in Europe are ahead of this
development with an over 90 % level of access to the Internet and an over 85%
level of broadband connection. (Eurostat, 2013) Because internet access and use
has become more common, the potential user population of web-based services
has increased.

Besides being connected to the internet, people are also mobile. Mobile data
traffic is increasing exponentially, and people are using smartphones and tablets
instead of traditional mobile phones. In Europe, smartphones are expected to
account for more than half of all handset shipments in 2013, and the percentage is
expected to continue to grow. This is because of their reduced prices and also the
mobile applications they offer. (Digital agenda, 2013) People have an easy access
to a wide selection of applications through application stores, which are digital
distribution platforms for software. Basically, each major smartphone vendor has
an application store (e.g. Apple AppStore, Google Play, Windows Store). This new
distribution channel is useful for end-users who can purchase applications at a
relatively low price, but also for individual developers, start-ups and research or-
ganizations that can quickly attract a very large number of users. (Lane et al.,
2010) People perceive they have more and more value from mobile applications
that integrate easily into everyday life. “Mobile devices like smartphones and tab-
lets are increasingly moving away from being purely ‘utility’ devices, with enter-
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tainment occupying more and more of a central role in the usage of internet on the
go.” (Digital agenda, 2013)

Mobility is an important aspect of persuasion, because it enables reaching us-
ers at the opportune time and place. In 1998 Fogg predicted that “most persuasive
technologies of the future will not be associated with desktop computers; they will
be specialized, distributed, or embedded” (Fogg, 1998). He stated that persuasive
situations occur most frequently in the context of normal life activities and not in
front of a desktop computer. Advancements in mobile and sensory technologies
open up new possibilities for persuasion, because they enable behaviour monitoring
and feedback 24/7 in an unobtrusive way. Nowadays smartphones have various
embedded sensors included, such as an accelerometer, digital compass, gyro-
scope, GPS, microphone, and camera that provide real-time data gathered from
the surroundings of the devices. These sensors are enabling new applications
across a wide variety of domains, also including health and wellbeing. (Lane et al.,
2010) As an example, based on the data mobile sensing enables context recogni-
tion where the current context of the device and its user is deduced. Even if the
mobile devices are battery powered and their computational and space resources
are limited, studies have shown that even simple classification algorithms can
achieve a reasonably good accuracy regarding context recognition if the features
calculated from raw data are selected in a suitable way. (Kénénen et al., 2010)

People’s communication habits have changed. Instead of communicating one-
to-one by phone or email, people communicate one-to-many through social media
applications, such as Facebook, Twitter, Instagram and WhatsApp. Content has
changed from verbal discussions and written messages to images, video, and
audio. People can also share context information, such as their location or whose
company they are in. The most common online activities in the EU27 in 2012 have
still been sending and receiving e-mails (89%) as well as finding information about
goods or services (83%), but use of social media is also common: 52% posted
messages to social media. (Eurostat, 2012) Besides changed communication
habits, the creation of user-generated content has also become more common.
According to Oinas-Kukkonen and Oinas-Kukkonen (2013), social activity around
content generation characterizes the current era. The authors use the term social
web to refer to “a pattern of thinking in which end-users jointly create or generate
much of, perhaps even most of, the content for the web, whereas companies try to
harness the end-users with tools with which they can participate and engage
themselves in content production and sharing” (Oinas-Kukkonen and Oinas-
Kukkonen, 2013). Regarding BCSSs, people’s connectedness through social
media is a resource that enables the use of social support principles.

There are many approaches to the development of BCSSs. Some of the key
theories are described as follows.
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3.3.1 The Functional Triad

In 1998 Fogg suggested a “functional view” to computers, the Functional Triad,
which is a conceptual framework that illustrates the different roles of computers
from the perspectives of the users. The framework was later described in detail in
a book (Fogg, 2003). It embeds various perspectives and theories of persuasion.
The Functional Triad states that computers function in three different ways: as
tools, as media, and as social actors (see Figure 6). According to Fogg (2003), the
Functional Triad helps to leverage and analyse the persuasiveness of technology,
because persuasion strategies differ depending on the role that the computer has.

Tool

*|ncreases
capability

The
Functional
Triad

Social
actor

«Creates
relationship

Media

*Provides
experience

Figure 6. The Functional Triad (Fogg, 2003).

Besides the three categories of the Functional triad, Fogg (2003) highlights credi-
bility, mobility and connectivity that are also important for persuasion. Credibility
can be defined as believability and its key dimensions are trustworthiness and
expertise. Referring to Self (1996), Fogg states that people evaluate these two
dimensions and then develop an overall assessment of the overall credibility. In
his book (Fogg, 2003), Fogg defines seven principles for Credibility and Comput-
ers, six principles for Credibility and the World Wide Web and 13 principles for
Increasing Persuasion through Mobility and Connectivity, but they are not listed in
this thesis.
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3.3.1.1 Computers as tools

When computers serve as tools, their goal is to increase capability and make
activities easier to do, lead people through a process or perform calculations or
measurements that motivate. Fogg has identified seven types of persuasive tech-
nology tools: reduction, tunnelling, tailoring, suggestion, self-monitoring, surveil-
lance, and conditioning. (Fogg, 2003)

Different types of persuasive technology tools are briefly described as follows.
Reduction technologies make target behaviours easier by reducing a complex
activity to a few simple steps. Tunnelling technologies lead users through a prede-
fined sequence of actions or events. Tailoring technologies provide information
that is highly relevant to the individuals. Suggestion technologies suggest a behav-
iour at the most opportune moment. Self-monitoring technologies allow people to
monitor themselves so as to modify their attitudes or behaviours and to achieve a
predetermined goal of outcome. Surveillance technology allows one party to moni-
tor the behaviour of another to modify behaviour in a specific way. Conditioning
technology is based on operant conditioning to change behaviours. (Fogg, 2003)

According to Fogg (2003), these seven types of tool are based on several theories.
As an example, reduction technologies are based on psychological and economic
theories that suggest that humans seek to minimize costs and maximize gains.
Making a behaviour easier to perform increases its benefit/cost ratio and this on
one’s part increases a person’s motivation to engage in this behaviour more fre-
quently. Use of these different tools might also increase a person’s self-efficacy or
the person’s belief in their ability to perform a specific behaviour. This can help a
person to develop more positive attitudes about the behaviour and try harder to
adopt it and perform it more frequently. The effectiveness of tunnelling technolo-
gies is based on commitment and consistency. When people once commit to an
idea or a process, most people tend to stick with it. Tailoring technologies are
based on several empirical studies that have shown evidence that tailored infor-
mation is more effective than generic information in attitude and behaviour
change. (Fogg, 2003) Suggestion technologies are based on the Kairos principle,
which was invented by ancient Greek rhetoricians and means finding the oppor-
tune moment to present a message. Fogg (2003) also builds on empirical psycho-
logical studies and describes some ways to recognize opportune moments. Self-
monitoring technologies make it easier for users to know how well they are per-
forming the target behaviour. They are based on various theories suggesting that
people are more likely to do things that are easy to do. In addition, they feed the
natural human drive for self-understanding (Fogg, 2003). Surveillance technolo-
gies are widely used, and their effectiveness has been shown in social psycholog-
ical studies: when people know they are being watched, they behave differently
(Fogg, 2003). Surveillance technologies differ from the other types of persuasive
technologies, because interaction between the user and the technology is not direct,
but indirect. Conditioning technologies are based on Skinner’s behaviourism.
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3.3.1.2 Computers as media

When computers function as media, their goal is to provide experiences by allowing
people to explore cause-and-effect relationships, providing people with vicarious
experiences that motivate, and helping people rehearse a behaviour. Fogg has
identified three types of simulations that are relevant for persuasive technologies:
simulated cause and effect scenarios, simulated environments, and simulated
objects. (Fogg, 2003)

These three types of simulations are briefly described as follows. Cause and ef-
fect scenarios can enable people to observe immediately the link between cause
and effect. Simulated environments in which people can rehearse a behaviour can
help them to change their attitudes and behaviours in the real world. Simulated
objects do not take a person into the virtual world, but bring the virtual objects into
the real world to be available in everyday routines.

According to Fogg (2003), the three different types of simulations are based on
social science, especially on psychology. The power of cause and effect scenarios
comes from the ability to explore cause-and-effect relationships without having to
wait a long time to see the results. They also have the ability to convey the effects
in vivid and credible ways. Computer simulations are widely used in learning. In
simulated environments people can rehearse a behaviour in a safe “place”. Unlike
real environments, virtual environments are controllable, which means that users
can start and stop their experience whenever they want. Simulated environments
have been adopted from education and game design. By bringing the virtual ob-
jects into the real world, simulated objects will be available in everyday routines.
Thus, they can fit into the context of a person’s everyday life, they are less de-
pendent on imagination, and they make clear the likely impact on certain attitudes
and behaviours. (Fogg, 2003)

3.3.1.3 Computers as social actors

Computers as social actors can persuade people by using the same persuasion
principles that people use in everyday communication with each other. This is
possible because studies have shown that people respond to computers as if they
were living creatures (Nass et al., 1995).

When computers serve as social actors, their goal is to create a relationship
and be persuasive by rewarding people with positive feedback, modelling a target
behaviour or attitude, and providing social support. Fogg has identified five primary
types of social cues, namely physical, psychological, language, social dynamics,
and social roles. He has also identified five persuasion principles of persuasive
technology functioning as social actor: attractiveness, similarity, praise, reciprocity,
and authority. (Fogg, 2003)

The five persuasion principles of computers functioning as social actors are
briefly described as follows. The principle of attractiveness states that technology
that is visually attractive is likely to be more persuasive as well. The principle of
similarity states that people are more readily persuaded by computing technology
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that is similar to them in some way. The principle of praise states that technology
that offers praise can lead users to be more open to persuasion. The principle of
reciprocity states that people will feel the need to reciprocate when technology has
done a favour for them. The principle of authority states that technology that as-
sumes roles of authority will have enhanced powers of persuasion. (Fogg, 2003)

According to Fogg (2003), the principles are based on earlier studies showing,
for example, that attractive people are more persuasive than those who are unat-
tractive. Regarding similarity, Stanford similarity studies have shown that similarity
between computers and users influences computers’ persuasiveness (Nass et al.,
1995). Fogg studied praise in his own laboratory and found out that praise from a
computer can generate a similar positive response to praise from another human
(Fogg and Nass, 1997). Reciprocity is based on the rule that is followed in every
human society according to the anthropologists (Gouldner, 1960). In addition,
Fogg has studied reciprocity between humans and computers in his doctoral thesis
(Fogg, 1998). Authority has been showed to be powerful in persuasion studies, but
Fogg (2003) points out that, apart from authority roles, other social roles that do
not leverage authority or status can also be powerful persuaders. (Fogg, 2003)

3.3.2 A Stage-Based Model of Personal Informatics Systems

Li et al. (2010) refer to systems which help people to collect and reflect on person-
ally relevant information as personal informatics. The information is collected for
the purpose of self-reflection and gaining self-knowledge. They have defined a
stage-based model of personal informatics which is composed of five stages: 1)
preparation, 2) collection, 3) integration, 4) reflection, and 5) action. The model is
based on empirical data, surveys and interviews with people who collect and re-
flect personal information. What is interesting is that Li et al. (2010) have also
identified barriers that are related to each stage.

The preparation stage occurs before people start collecting personal infor-
mation. During this first change, they might face barriers which are typically related
to determining what information to collect and what collection tool to use. At the
collection stage, people collect information about themselves. Barriers related to
this stage are often caused by the tool used for data collection or by the users
themselves who might lack time or motivation or who did not remember to collect
information. There may be also data-related barriers, such as relying only on sub-
jective information. At the integration stage, the information collected is prepared,
combined, and transformed for the user to reflect on later phases. Barriers at this
stage include difficulties of collecting data from multiple inputs, exploring multiple
outputs, and understanding the format of data collected. These barriers might
even prevent users from transitioning from the collection stage to reflection of
data. At the reflection stage, the user reflects on their personal information. Barriers
at this stage are related to a lack of time or difficulties in retrieving, exploring and
understanding information. These barriers can prevent users from exploring and
understanding information about themselves. At the last stage, action, people
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choose what they are going to do with their understanding of themselves. They
might evaluate their progress in relation to their goals or change their behaviours to
meet the goals. At this stage, barriers are related to not getting any suggestions on
what to do next, which prevents applying new knowledge and information in practice.

They have also proposed a set of guidelines for how to build personal informatics
systems:

— They should be designed halistically. Since people experience problems in
each of the stages and these barriers cascade to later stages, the design
team should consider the system as a whole.

— They should improve support for iteration between stages. Since users’
needs change, the flexibility within the system is important: users should
be able to change what kind of data they collect and transfer data from one
system to another.

— An appropriate balance of automated technology and user control should
be applied within each stage to facilitate the user experience. Automatic
features make the user experience more enjoyable, but sometimes it is
good to leave control in the hands of the users.

— They should explore support for multiple facets of people’s lives to enrich the
value of systems. Current systems are usually designed only for one aspect
of life, but people would like to mix information from different areas of life.

3.3.3 The Design with Intent Method

The Design with Intent (Dwl) is defined as “design intended to influence or result in
certain user behaviour” (Lockton et al., 2008). Dwl suggests design techniques for
influencing behaviour and provides examples, certain kind of design patterns, of
how similar problems have been solved elsewhere. The examples are not based
on persuasive technology only, but draw on other fields also, such as environmen-
tal and ecological psychology. Examples are grouped under six categories, or
lenses, as Lockton et al. (2010) call them: 1) Architectural, 2) Error-proofing, 3)
Persuasive, 4) Visual, 5) Cognitive, and 6) Security. Examples in each of these
groups share similar considerations, behavioural understanding or assumptions
about how to influence users. As an example, the architectural lens draws on
techniques used to influence user behaviour in architecture, urban planning and
related disciplines such as traffic management and crime prevention through envi-
ronmental design, and the persuasive lens draws on Fogg’'s persuasive technology
(Fogg, 2003). The approach is design-oriented in a sense that it is interested in
changing behaviours which are important to some existing product’s, service’s,
environment’s or system’s operation or the way it is used. The design process
aims to modify users’ behaviour to meet the particular target behaviour. Earlier,
the Dwl method has followed a more structured process (described in detail in
Lockton et al., 2010), but recently it has evolved into a more loose idea generation
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tool, which provokes design ideas by asking questions and giving examples of
particular principles in action (Dwl home page).

3.3.4 A Behaviour Model for Persuasive Design

Fogg (2009) has presented a model for understanding human behaviour; the Fogg
Behaviour Model (FBM). According to this model, people’s behaviour is deter-
mined by three factors: motivation, ability, and triggers and their subcomponents.
The main statement is that, in order to perform a target behaviour, a person must
be sufficiently motivated, have the ability to perform a target behaviour and be
triggered to perform the behaviour — and all this should occur at the same mo-
ment. For design, this implies that, instead of increasing person’s motivation end-
lessly, the system should influence a person’s ability. Fogg states that increasing
motivation is often not the solution, but increasing the ability by making the behav-
iour simpler: “People with low motivation may perform a behaviour if the behaviour
is simple enough (meaning, high on ability)” (Fogg, 2009). Also, if the motivation is
great enough, people might engage in difficult tasks to perform the target behav-
iour. The third necessary element, a trigger, can take many forms. Fogg has iden-
tified that successful triggers have three characteristics: 1) they are noticeable, 2)
they can be associated with the target behaviour, and 3) they occur at the oppor-
tune moment when the person is motivated and able to perform the target behav-
iour. The FBM is not drawn from any specific theory, but on its web site (FBM
home page) the most relevant background theories are mentioned. They include
SCT (Bandura, 1986), Self-efficacy (Bandura, 1977), HSM (Todorov et al., 2002),
ELM (Petty and Cacioppo, 1986), TRA (Fishbein & Ajzen, 1975), TPB (Ajzen, 1991),
TTM (Prochaska et al., 1993) among many others. FBM is targeted on design
teams who can use the model to guide their thinking about human behaviour
change and use the model in the analysis and design of persuasive technologies.
(Fogg, 2009) The model differs from earlier theories stating that it is targeted only
on changing behaviour, not attitudes.

3.3.5 Consolvo’s design strategies

Consolvo et al. (2009) have proposed design strategies for persuasive technolo-
gies that help people who want to change their everyday behaviours. They draw
from Goal-Setting Theory (Locke and Latham, 2002), Transtheoretical Model of
Behaviour Change (Prochaska et al., 1993), Presentation of Self in Everyday Life
(Goffman, 1959) and Cognitive Dissonance Theory (Festinger, 1957).

According to Consolvo et al. (2009), the Goal-Setting Theory suggests that “the
goal should be set by the individual or participatively with the help of an expert
(rather than being assigned to her with no rationale). It should be easy to gauge
her progress and know when she has met her goal, and it should be challenging,
yet something that she believes she can realistically achieve. Feedback and in-
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centives should be provided as progress is made and not limited solely to goal
achievement.” (Consolvo et al., 2009)

The Transtheoretical Model of Behaviour Change describes the stages from
precontemplation to maintenance through which an individual progresses to modify
behaviours. According to Consolvo et al. (2009), the Transtheoretical Model sug-
gests that a persuasive technology that targets precontemplators might focus on
education. For contemplators, the design might focus on techniques for overcom-
ing barriers or rewards for performing the desired behaviour. For preparation stag-
ers, it might focus on rewarding behaviours, even when the behaviour is not con-
sistent and increasing awareness of patterns of the behaviour to encourage con-
sistency. For action stagers, the design might focus on keeping track of progress
to maintain consistency and possibly incorporate elements of social influence. For
maintainers, it might focus on coping strategies for problems encountered previously
and on helping the individual realize how she is becoming “the kind of person one
wanted to be” (Prochaska et al., 1992).

Based on the theory of Presentation of Self, Consolvo et al. (2009) suggested
that technology should support fundamental impression management needs, i.e.
the individual should be in control of information about her that is collected and
how that information is used.

Based on the Cognitive Dissonance Theory, Self Consolvo et al. (2009) suggested
that technology should address whichever factors may prevent the individual from
incorporating the change into her everyday life (i.e., by helping her change her be-
haviour to match her attitudes): “The awareness provided by the technology should
be persistently available and easy to access, yet subtle enough so as to support
occasional needs for information/situation avoidance” (Consolvo et al., 2009).

The design strategies are as follows (Consolvo et al., 2009):

— Abstract & Reflective: Data abstraction should be used instead of raw or
explicit data to display information to the user. Based on the information
the user can reflect on his/her behaviours in relation to his/her goals.

— Unobtrusive: Data should be presented in an unobtrusive manner and it
should be available at the appropriate time.

— Public: Because of the personal nature of the data, others may not inten-
tionally or otherwise become aware of it. The technology should not make
the user uncomfortable in public situations.

— Aesthetic: Especially if the technology is involved in user's everyday life, it
is important that it is comfortable and attractive to support the user’'s per-
sonal style.

— Positive: These should be rewarded when they perform the desired behav-
iour and achieve their goal. However, the user should not be punished for
not performing the desired behaviour.

— Controllable: The user should be allowed to add to, edit, delete, and other-
wise manipulate data as well as control access to it.
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— Trending / Historical: The user should have access to information about
their past behaviour as it related to their goals. Information should accom-
modate changes in lifestyles over time and provide data across devices.

— Comprehensive: Technology should account for the range of behaviours
that contribute to the user’s desired lifestyle and do not artificially limit data
collection and representation to the specific behaviours that the technology
can sense or monitor.

These design strategies have been applied in many studies. Consolvo et al. (2009)
designed and built the UbiFit Garden system which encourages people to pursue
a physically active lifestyle. The basic idea of the system is that it uses the mobile
phone’s screen background to display a garden that blooms as she performs
physical activities throughout the week. Upon meeting her weekly goal, a butterfly
appears. Smaller butterflies represent goals attained over the past three weeks.
The virtual garden is accompanied with an interactive application, which includes
detailed information about the physical activity and a journal. Evaluation showed
that the system supported people to maintain a more physically active lifestyle
(Consolvo et al., 2009).

3.3.6 Taxonomy of Behaviour Change Techniques

Michie et al. (2013) have developed a taxonomy of behaviour change techniques
(BCTs) used in evaluation of behaviour change interventions. The authors define
BCT as “an observable, replicable, and irreducible component of an intervention
designed to alter or redirect causal processes that regulate behaviour; that is, a
technique is proposed to be an ‘active ingredient” (Michie et al., 2013). Thus, the
taxonomy is not based on persuasion or behaviour change support systems, but it is
intervention-oriented and designed from the clinical point of view compared to its
predecessor. Motive for Michie et al. (2013) research has been a need for methods
of characterizing the active content of interventions in order to replicate studies,
implement techniques in practical applications, and to synthesize them in systematic
literature reviews. The extended CONSORT statement to randomized trials of non-
pharmacological treatment (Boutron et al., 2008) includes a recommendation of a
preferred specification of the trial process, but it does not give guidance regarding
the descriptive components of the intervention (Michie et al., 2013). According to
Davidson et al. (2003) the intervention components are as follows:

— Who delivers the intervention?
—  Towhom?

— How often?

— For how long?

— In what format?

— In what context?

—  With what content?
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According to Michie et al. (2013), the latter, the content, is the ingredient that influ-
ences people’s behaviours, and it is often reported poorly by using the same labels
and descriptions of different techniques. This may lead to confusion.

Development of the taxonomy of Michie et al. (2013) has preceded three tasks.
At first, the authors have developed a list of distinct BCT labels and definitions and
asked for feedback from a multidisciplinary International Advisory Board and
members of the study team. Secondly, the inter-rater reliability of coding intervention
descriptions using the list of BCTs was then assessed in two rounds of reliability
testing. Thirdly, a hierarchical structure was then developed. BCT taxonomy v1 by
Michie et al. (2013) consisted of 93 BCTs clustered into 16 groups. The authors
suggest that it can be used as a method for specifying the active content of inter-
ventions, but is still needs to be developed further and evaluated.

3.4 Behaviour change and e-Health domain

Behaviour pattern is the most significant determinant of health. (Schroeder, 2007)
Lifestyle change, i.e. changing behavioural patterns, is essential in the prevention
of diseases, but it also remains as a central part of the treatment of chronic dis-
eases, such as Type 2 diabetes, dyslipidemia, and high blood pressure (Jallinoja
et al., 2007). It has been stated that BCSSs are showing the potential to assist in
improving healthy living, reduce the costs to the health care system, and allow the
elderly to maintain a more independent life (Chatterjee and Price, 2009). Thus,
behaviour change support should be an integral part of e-Health systems. e-
Health can be defined as follows (Eysenbach, 2001):

“e-health is an emerging field in the intersection of medical informatics, public
health and business, referring to health services and information delivered or
enhanced through the Internet and related technologies. In a broader sense,
the term characterizes not only a technical development, but also a state-of-
mind, a way of thinking, an attitude, and a commitment for networked, global
thinking, to improve health care locally, regionally, and worldwide by using in-
formation and communication technology.”

In the e-Health domain, the purpose of the BCSSs is often to deliver an intervention
whose content is based on an evidence-based theory or model. Barak et al. (2009)
define web-based intervention as follows:

“A web-based intervention is a primarily self-guided intervention program that is
executed by means of a prescriptive online program operated through a web-
site and used by consumers seeking health- and mental-health related assis-
tance. The intervention program itself attempts to create positive change and or
improve/enhance knowledge, awareness, and understanding via the provision of
sound health-related material and use of interactive web-based components.”

Products are often designed and evaluated from the viewpoints of the primary
end-users. However, there are many stakeholders involved in the adoption of
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BCSSs in the e-Health domain. According to Payton et al. (2011), health IT stake-
holders include healthcare consumers, healthcare providers, health organization
administrators and personnel, academic stakeholders, professional associations,
private sector vendors, non-profit stakeholders, regulatory stakeholders and gov-
ernment agency stakeholders. Ambient Assisted Living (AAL) Joint Programme
has presented a higher level categorization of end-users for the purpose of en-
hancing the quality of life of older people and strengthening the industrial base in
Europe through ICT (AAL, 2012). It is adapted here for the purpose of understanding
the stakeholders involved in the adoption of BCSSs in the e-Health domain. See
Table 1. According to this categorization, there are three kinds of end-users —
primary, secondary and tertiary — who derive different kind of benefits from adopting
the system.

Table 1. Categorization of end-users based on AAL (2012).

End-user Definition Benefits
group
Primary Person who is actually using a BCSS Direct benefits, e.g. increased
end-user quality of life through health
behaviour change
Secondary People or organizations directly in con- Direct benefits when using
end-user tact with a primary end-user, such as BCSS (through Ul for profes-
formal and informal care persons, family | sional users) and indirect bene-
members, friends, neighbours, care fits when the care needs and
organisations and their representatives other support of primary end-
users are reduced
Tertiary Such institutions and private or public Indirect benefits from increased
end-user organizations that are not directly in efficiency and effectiveness
contact with BCSSs, but who somehow which result in saving expenses
contribute in organising, paying or ena- or by not having to increase
bling them. This group includes the expenses in the mid and long
public sector service organisers, social term
security systems, insurance companies.

Regarding health counselling and lifestyle change, the general trend has been to
gradually replace the authoritarian and instructive care with patient-centred methods
aiming at empowerment (Jallinoja et al., 2007; Kuokkanen and Leino-Kilpi, 2003).
More often patients are responsible for the self-management of their chronic dis-
eases (Orsama et al., 2013). Studies have shown that systems supporting self-
care are effective in changing behaviours. As an example, use of a mobile tele-
phone-based remote patient reporting and feedback system has been found to
significantly reduce HbAlc and weight of diagnosed Type 2 diabetes patients
(Orsama et al., 2013). Similarly, it has been found that the addition of a personal
digital assistant and telephone coaching can enhance short-term weight loss in
combination with an existing system of care (Spring et al., 2013).
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There are many drivers for and barriers to the adoption of e-Health. Studies
have shown that perception of the health benefit is the most important driver for
the adoption of consumer health IT. Other drivers are the perception of conven-
ience and accessibility, rapid responses from clinicians, the benefit of anonymity
for sensitive health topics, the benefit of understanding physicians and the health
care system, delivering information on devices to patients every day, tailoring
patients’ interest, providing more benefits for patients in poor health and introducing
technology gradually, especially regarding older people. (Jimison et al., 2008)
Jimison et al. (2008) also studied the barriers to the use of health information
technology, focusing especially on the elderly, people with chronic diseases or
disabilities and the underserved. They found out that the primary barrier to use
was that people did not perceive that use of the system would bring them enough
benefits. A second type of barrier was that technology intervention did not fit into
the lifestyle of the people. The third major barrier was that people did not trust the
advice given by the system. Other reasons were technological malfunctions, too
cumbersome technology, confusion with the technology and content, specific
barriers related only to reminding technologies (such as annoying messages),
clinical factors (such as a lack of response by physicians), costs, and age and
disabilities.

Regarding the secondary end-users, studies have shown that the main barriers
to technology adoption among nurses are work demands, lack off access to com-
puters and lack of support. While the nurses themselves did not perceive age to
be a barrier, their age was positively correlated with several barriers, including
knowledge and confidence in the use of computers. (Eley et al., 2009)

In recent years, public authorities, including public and administrative services,
have increased their e-government services for the citizens. More than half of all
individuals in Denmark, the Netherlands, Sweden, Finland, France, Luxemburg,
Austria and Slovenia reported in 2013 that they have used the internet to contact
or interact with public authorities and services. The main purposes for interaction
were making income tax declarations, requesting personal documents online and
claiming social security benefits. (Eurostat, 2013) The public sector is suffering
from huge challenges especially regarding health care services. As a solution,
they have started to provide digital health care services targeted on end-user
services access instead of focusing only on technological development in back
office service management (Haiki6 et al., 2010). However, digital health care ser-
vices for citizens have not become general along with the technological infrastruc-
ture that has been established in recent years. Tertiary end-users, such as health
care providers and purchasers of health services, could improve patient care and
potentially save costs through the wise purchase of interactive health communica-
tion applications for patients and employees (Jimison et al., 1999). However, there
are several challenges related to technology adoption from the purchaser’s side.
Products and services should improve the quality of care, be cost-effective and
eventually lead to cost savings. Purchasers find it difficult to acquire comparable
evaluation information about the products, because the emphasis of the develop-
ers in such as competitive environment is often to get products finished as soon as
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possible, often with fewer features than originally anticipated and without adequate
testing. In order to be able to acquire information about the effectiveness of the
products, purchasers should demand evidence and promote the quality and cost
of medical care. (Jimison et al., 1999)

There are several e-Health frameworks that are not discussed in this thesis. In
their work, Van Gemert-Pijnen et al. (2011) have made a review of existing e-
Health frameworks. They identified 60 journal papers, selected 44 of them for a full
review and selected 16 e-Health frameworks that matched their inclusion criteria.
The frameworks are listed in their article (Van Gemert-Pijnen et al., 2011). A set of
recent frameworks useful in the design and evaluation of BCSSs in e-Health do-
main is presented as follows.

3.4.1 CeHRes Roadmap

Van Gemert-Pijnen et al. (2011) have presented a holistic framework for the de-
velopment of e-Health technologies so as to improve their uptake and impact in
the health sector. This has been formulated based on the outcomes of the existing
e-Health frameworks they reviewed, empirical research, and discussions with
other researchers at conferences. Its theoretical base is on participatory development
approach, persuasive design techniques, and business modelling. The framework
describes six principles for a participatory e-Health development process:

1. ltis a participatory process in which stakeholder participation is essential.
Involving stakeholders through the whole development cycle requires project
management efforts.

2. ltinvolves continuous evaluation cycles — the development process is itera-
tive, flexible and dynamic.

3. ltis intertwined with implementation — implementation is not a post design
activity, but implementation issues, such as available resources and end-
user characteristics, need to be taken into account right from the start.

4. It changes the organization of health care. The development of e-Health
technology can be considered to be the creation of new processes and in-
frastructures for health care delivery.

5. It should involve persuasive design techniques aimed at changing the be-
haviours of the people and provide the means for self-management and in-
formation sharing.

6. It needs advanced methods to assess its impact; a broader view is needed
to evaluate the benefits and drawbacks in terms of risks, ethics, perfor-
mance, finance, or adherence. It needs to be understood that the impact
changes over time and it depends on the user, technology, and context.
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CeHRes Roadmap for the development of e-Health technologies has five phases:
1) contextual inquiry, 2) value specification, 3) design, 4) operationalization, and 5)
summative evaluation. The five phases and their tasks are described in Figure 7.

~

Contextual inquiry

* Understanding of prospective users and their context
* Analysis of current provision of care

kv

Value specification

.

Design

Operationalization

Summative
evaluation

effectiveness

* |dentification of user values for all stakeholders
* Definition of user requirements

* Development of a prototype

¢ Involvement of stakeholders

¢ Technology launch and marketing

¢ Changes in organizational working procedures
» Evaluation of eHealth technology’s use and

Figure 7. Main phases of the CeHRes roadmap (Van Gemert-Pijnen et al., 2011).

3.4.2 Framework on persuasive technology and healthcare

Chatterjee and Price (2009) have defined a simple framework for demonstrating
how persuasive technologies can impact on healthcare. It has three circles that
represent: 1) technology that is the driver of persuasive change, 2) persuasion
strategies, and 3) the subdomains in healthcare where persuasive applications
could potentially influence. See Figure 8.
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Figure 8. Framework on persuasive technology and healthcare (Chatterjee and
Price, 2009).

3.4.3 Active assistance

Kennedy et al. (2012) have defined a concept of active assistance. It can be de-
fined as “any technology involving automated processing of health or behaviour
change information that is ongoing as the user interacts with the technology”. In
their definition, they want to emphasize that the technology continues to process
information during use and may adapt its responses. This differs from passive
technology, such as storage devices, videos and web site design, and also from
interactive systems that do not process health information or whose responses are
not related to the semantic content of the health messages but only their format-
ting. Active assistance aims to draw attention to semantic information processing
during an interactive session. Also, it takes place in an environment in which citi-
zens and experts participate actively in behaviour change intervention — the role of
the technology is not to deliver a fully expert-led intervention, but to give users a
sense of being in control and to help them to reflect and learn about the obstacles
to successful behaviour change. (Kennedy et al., 2012) According to the authors,
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many aspects of persuasive technology are relevant for the active assistance, but
there are also differences — persuasive technology is not always active in the
sense that Kennedy et al. (2012) define it.

Kennedy et al. (2012) have defined three key examples of how active assis-
tance can support behaviour change: 1) Automated reasoning using an explicit
knowledge representation, 2) Automated data collection with patterns recognition
(smart sensing) and 3) Automated adaption over time (see Figure 9).

Automated Automated data Automated

reasoning using an collection with adaptation over time

explicit knowledge patterns recognition « Adaptation in response

representation (smart sensing) to emerging patterns and

« Use of knowledge-based « Recognition of patterns contexts. .
reasoning about the in online interactions, + Goes beyond automatic
user's health and physical activities, or reasoning and

automated data

circumstances to physiological states. c

determine how its « Goes beyond automatic collectlon(,j because the

responses should be reasoning by acquiring Sysf"é a a%tsd s

tailored further to the data and recognize met % Is and decisions

particular individual. events automatically aﬁ:co_r r']ng to pattgrnz
without manual data that It has recognized.
input.

Figure 9. Active assistance (Kennedy et al., 2012).

3.5 Ethics

Although persuasion implies voluntary change in people’s attitudes and/or behav-
iours or both, sometimes people respond with criticism to the idea of being per-
suaded. They might say that they do not want to be manipulated or they believe
that nobody can influence their attitudes and behaviour. According to Miller (1973),
“Many people become very upset when they hear that psychologists are trying to
control them”.

However, psychology is a science that not only attempts to describe and predict
attitudes and behaviour, but also to control, and perhaps even to manipulate, them
(Miller, 1973), and thus it always raises ethical concerns. Often persuasion litera-
ture justifies the research by stating that persuasion is present in our everyday
lives whether we want or not, because people are influenced all the time when
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they communicate with each other. The principles of persuasive communication,
such as reciprocity, are built into our communication system. Miller (1973) has
stated:

“Language is by all odds the most subtle and powerful technique we have for
controlling other people. Nothing that psychologists can invent in their laborato-
ries is likely to be nearly as influential in controlling people as it is familiar tool
we call language.”

Advocates state that persuasion is essential for participatory democracy (Barney
and Black, 1994) and the existence of civilization as we know it (Miller, 1973).
When e-Health technologies are used by individuals the persuader is often the
user himself and thus, there are fewer ethical concerns to be considered. Fogg
(2003) states that people often put themselves into tunnel situations voluntarily to
change their attitudes or behaviours. As an example, they may hire personal trainers
who direct them through workouts. However, if a whole organisation adopts an
e-Health technology which leverages social support and even peer pressure, there
might be ethical concerns that should be considered.

Persuasion researchers and technology designers come from different back-
grounds and they make their decisions based on their own ethical viewpoints.
There are many perspectives on ethics that may help us to understand these
viewpoints. The perspectives include pragmatism, utilitarianism, universalism, dialogic
ethics, and situationalism (Solomon, 1984). According to Simons et al. (2001) they
seem relevant to the ethics of persuasion.

In short, pragmatism responds to questions of ethics by transforming them into
pragmatic questions about the consequences — probable costs and benefits of
taking the given action. The basic principle of utilitarianism is to “do more good
than harm” (Simons et al., 2001). It means that ends are weighed against means,
means against ends, and both against circumstances. From many options the
persuader should select the option that will provide the greatest good for the
greatest number of people. The persuader is entitled to use ethically questionable
means only if their goals as a persuader are worthy beyond question. Universal-
ism “...assumes that some practices are intrinsically virtuous or intrinsically objec-
tionable, no matter what the objective or the circumstances.” (Simons et al., 2001)
In universalism, the ethics are derived from law or tradition or religion. According
to dialogic ethics, communication is ideally dialogic and it is facilitated only if the
persons treat each other as a person rather than as an object to manipulate.
Communication is based on interpersonal trust. According to situationalism, ethics
should be role- or situation-specific, and exceptions to rules are allowed. The
persuader should pay attention to the special circumstances of a matter, such as
the role or function of the persuader for the audience, expectations of the receivers,
the degree of the receiver’s persuasion knowledge, the goals and values of the
receivers, the degree of urgency and ethical standards for communication held by
the receivers. (Simons et al., 2001)

Persuasive technology researchers have also considered ethical questions.
Fogg (2003) states that many of the ethical questions related to persuasive tech-
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nology are similar to those for persuasion in general. However, he has identified
six issues that are unique for persuasive technology only:

— The novelty of the technology can mask its persuasive intent, because users
are unaware of the tactics that are being used, and tactics can be subtle.

— Persuasive technology can exploit the positive reputation of computers and
therefore users are very eager to accept information and advice from technology.

— Computers can be proactively persistent, and there is a risk that users will
finally give in to a suggestion even if they objected it at first.

— Computers control the interactive possibilities and therefore users have a
limited set of choices available which differs from human communication.

— Computers can affect the emotions but cannot be affected by them and
therefore there is a risk that the communication will lead to non-ethical out-
comes.

— Computers cannot shoulder responsibility and therefore they cannot be
blamed from errors; the responsible instance varies case by case.

Fogg has presented many approaches to deal with ethical questions in design. In
1988 he suggested that a simple gain/loss analysis for different stakeholders could
be used to show whether the technology is ethically questionable. As an example,
if a company gains profit or information and an individual loses money, privacy, or
freedom, the persuasive technology could be ethically questionable (Fogg, 1998).
In 2003 he suggested that “by examining the intentions of the people or the organ-
ization that created persuasive technology, the methods used to persuade, and
the outcomes of using the technology, it is possible to assess the ethical implica-
tions” (Fogg, 2003). One approach to assessing the ethical implications of persua-
sive technology is stakeholder analysis (Fogg, 2003). Other approaches have
been developed by Berdichevsky and Neuenschwander (1999) and Friedman et
al. (2006). More recently, Karppinen and Oinas-Kukkonen (2013) have reviewed
different approaches to the ethics of BCSSs and have suggested that there are
three main approaches: 1) guideline-based approach, 2) stakeholder analysis, and
3) involving users (Karppinen and Oinas-Kukkonen, 2013).

Ethical concerns are related to certain persuasion techniques or principles
more often than to others. As an example, Fogg (2003) identified that tunnelling
technologies can include unethical elements when they ask people to enter their
personal information to successfully complete a software installation and give little
choice to the user to exit the tunnel without causing any damage. Also tailoring
technologies might be used unethically because studies have shown that only
perception that the information has been tailored is more influential than regular
information. This can be explained by the fact that people pay more attention to
the information, because they think that it has been tailored for them. Provision of
supposed tailored information may lead to situations where users blindly believe
that the provided information is beneficial for them, whereas in fact it benefits the
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web service provider. (Fogg, 2003) Ethical questions vary not only depending on
the persuasion principle, but also depending on the information processing ap-
proach. According to Simons et al. (2001), there are more ethical concerns related
to peripheral information processing and the use of cognitive shorthands, because
then people act mindlessly and are unable or unmotivated to think critically. When
people act mindfully and engage in central processing, they have the ability and
motivation to think critically. Thus, there are less ethical concerns related to de-
signs that support central processing.
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4. The model

This section describes the PSD model and the conceptualization process of its
authors. This section is related to publication 1ll, which suggests a framework for
Persuasive Systems Design (PSD).

4.1.1 Overview of the phases of the PSD model

As more and more systems are designed for persuasive purposes, there is a need
to improve their possibilities to support users in attitude and/or behaviour change.

The key means is to introduce the persuasive design practices into the software
development. By combining persuasive design practices and software devel-
opment, it is possible to describe a new way to develop software.

The main purpose of the BCSS development process is not only to deliver a product
that the customer has required, but to produce a solution that supports users in
their attitude and/or behaviour change.

The authors selected the general lifecycle model to describe the development
process of persuasive systems and the Functional Triad (Fogg, 2003) as one of the
main knowledge bases. These approaches were complemented with the key theories
of persuasion. The main objective was to guide the process of developing persua-
sive system qualities through the lifecycle model. Although the Functional Triad
acknowledges the role of the persuasion principles, it does not adequately support
the software development activities i.e. the analysis, design and implementation.

According to the PSD model, the Persuasive systems development has three
steps: 1) analysis of the persuasion context and selection of persuasive design
principles, 2) requirement definition for system qualities, and 3) software imple-
mentation (see Figure 10). When following the lifecycle model, these steps should
be iterative and incremental (although it is not emphasized in Publication IIl). The
PSD model suggests new design practices for analysing the persuasion context
and requirement definition, and also describes example implementations. These
design practices should appear in the early stages of the development, during the
analysis and design phases, because it makes easier and cheaper to integrate the
persuasiveness into the final system.
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The authors also suggest that the PSD model can be used for evaluation of
persuasiveness. It can be used in two main approaches: as a framework in user-
based methods, such as field trials, or inspection-based methods, such as heuris-
tic evaluation.

Analysis of

ersuasion .
cpontext and Requirement
selection of definition for Software
ersuasive software implementation
P design qualities

principles

Figure 10. Phases in Persuasive Systems Development.

One challenge for the authors was to consider how they could communicate some
of the key issues behind persuasive systems — some starting points for research
that could not be included in these three development steps. Thus, the authors
formulated seven postulates that aim at capturing the understanding gathered
during the conceptualization process. Because postulates are not concrete in-
structions on how to build a persuasive system, but rather a set of statements, it is
expected that they will have more relevance for the researchers than for the practi-
tioners.

4.1.2 Postulates behind persuasive systems

The first postulate, information technology is never neutral, states that technology
always influences users’ attitudes toward the intended behaviour and behaviour
itself in one way or another. The authors sometimes faced criticism of persuasive
technology from other researchers saying that “I don’t want to be persuaded” or “I
can't be persuaded, because | would notice it". The authors wanted to point out
that people are constantly exposed to persuasive communication in one way or
another. This postulate also states that persuasion should not be considered as a
single act, but a process as the background theories by McGuire (1973), Petty and
Cacioppo (1986), and Simons et al. (2001) suggest.

The second postulate, people like their views about the world to be organized
and consistent, states that users’ behaviour strives for consistency. Psychological
inconsistency disturbs people, and they feel obliged to reorganize their thinking
and restore consistency. In addition, making commitments will help users to
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change their behaviour. This postulate originates from Cognitive consistency theory
(Fraser et al., 2001; Festinger, 1957) and Cialdini’'s (1993) principle of commitment
and cognitive consistency. Commitment could also be regarded as a persuasion
principle, but the authors state that concepts of commitment and consistency are
closely related and consistency is rather a higher level concept than a principle.

The third postulate, direct and indirect routes are key persuasion strategies,
states that an individual who carefully evaluates the content of the persuasive
message may be approached by the direct route, whereas an individual who is
less thoughtful and uses simple cues or stereotypes for evaluating the information
may be persuaded through the indirect route. This postulate implies that a user’s
personal background and the use situation have an influence on their information
processing. When the user has a high motivation and a high ability, they are more
likely interested in the content of the persuasive message than when they have a
low motivation and a low ability. In challenging situations such as being in a hurry,
it is highly likely that one will use heuristics for processing the information. This
postulate originates from ELM (Petty and Cacioppo, 1986). By this postulate, the
authors want to point out that, by offering information, users will change their be-
haviour only rarely, and especially when they are using technology in challenging
use contexts, such as health-related contexts, it is important to support the indirect
route.

The fourth postulate, persuasion is often incremental, states that it is easier to
initiate people into carrying out a series of actions through incremental sugges-
tions rather than a one-time consolidated suggestion. This postulate does not
originate directly from any of the existing key theories, but has been stated by, for
example, Mathew (2005). By this postulate the authors want to point out that a
persuasive system should enable making incremental steps toward target behaviour.

The fifth postulate, persuasion through persuasive systems should always be
open, states that it is very important to reveal the designer bias behind the per-
suasive system, and the overall goal should be users’ voluntarily changing atti-
tudes or behaviours. This postulate originates from Fogg (2003), Cassell et al.
(1998) and Miller (2002), who stated that persuasion allows people voluntary par-
ticipation in the persuasion process. By this postulate, the authors want to point
out the ethical issues in technology development, and that openness is one aspect
related to ethicality.

The sixth postulate, persuasive systems should aim at unobtrusiveness, states
that systems should avoid disturbing users while they are performing their primary
tasks. The principle of unobtrusiveness also means that the opportune (or inoppor-
tune) moments for a given situation should be carefully considered. This postulate
originates from the ELM, which states that situation-specific factors influence the
elaboration of the persuasive message (Petty and Cacioppo, 1986). If users get
distracted all the time, they will be more likely to process the information through
peripheral processing, which makes the change less enduring. In addition, Distrac-
tion conflict theory (DCT) suggests that interruptions result in deteriorating perfor-
mance, and they may also result in the loss of working memory contents or confu-
sion between cues in memory, which further inhibits decision performance. (Speier
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et al., 2003) Fogg (2003) has emphasized the meaning of finding the opportune
moment to present the persuasive message, i.e. finding the Kairos moment as the
ancient Greek rhetoricians called it. In Greek mythology, Kairos was the youngest
son of Zeus and the “god of the favourable moment”. Unobtrusiveness is especially
related to principle of reminders — how the system should remind users of their
target behaviour during the use of the system — and the authors want to point out
that persuasive features should not prevent people from using the system for its
purpose.

The seventh postulate, persuasive systems should aim at being both useful and
easy to use, states that the system should serve the needs of the user. This in-
cludes a multitude of components, such as responsiveness, ease of access, lack
of errors, convenience and high information quality, as well as positive user expe-
rience, attractiveness, and user loyalty mentioned in Fogg (2003). As computer
scientists, the authors considered that these general software qualities should be
regarded as a postulate rather than persuasion design principles. This postulate
originates from Oinas-Kukkonen (2000) whose conceptual framework for web-
shopping systems introduces both ease of use and usefulness as determinants of
web flow. They are also acknowledged in the TAM, where perceived ease of use
and perceived usefulness are determinants of attitude toward using a system
(Davis, 1989). Also, Fogg (2003) has emphasized the meaning of ease of use as a
facilitator of web sites’ credibility.

4.1.3 Analysis of the persuasion context and selection of persuasive
design principles

The PSD model suggests that an analysis of the persuasion context should be
included in the Persuasive Systems Development. The analysis requires a thor-
ough understanding of what happens in the information processing event, namely
understanding the roles of persuader, persuadee, message, channel, and the
larger context (Oinas-Kukkonen and Harjumaa, 2009). Thorough analysis of the
persuasion context will help to recognize inconsistencies in a user’s thinking, dis-
cern opportune and/or inopportune moments for delivering messages, and effec-
tively persuade. The context analysis includes recognizing the intent of the per-
suasion, understanding the persuasion event, and defining the strategy, which are
not considered as traditional system design or human-centred design. These three
tasks are described in more detail as follows.

Intentionality is a salient part of persuasive communication and thus it is im-
portant to determine who the persuader is. The authors adopted Fogg's (1998)
definition: as computers do not have intentions of their own, those who create,
distribute, or adopt the technology have the intention to affect someone’s attitudes
or behaviour. Fogg has recognized three different sources of intentions: those who
create or produce the interactive technology (endogenous); those who give access
to or distribute the interactive technology to others (exogenous); and the very user
adopting or using the interactive technology (autogenous).

62



The understanding of intentionality is important, because it is needed in the later
steps of the development. It influences the selection of the principles, and it might
also lead to further considerations about the target groups of the system. As an
example, if a municipality distributes persuasive home care technology for elderly
users, they can have several intentions to change the behaviours of the users.
However, the users might not be motivated to change their behaviour nor to adopt
the system. In this case, the system functionality should not only support the us-
ers’ primary tasks, but also motivate them to change their behaviour — especially
because the initiative for system use did not come from them. This can be done,
for example, by applying the principles from social support category.

The understanding of event consists of three dimensions: recognizing the use
context, user context and technology context. The use context includes problem
domain-dependent features. The user context includes user-dependent features,
such as user's goals, motivation, lifestyle and others, whereas the technology
context includes technology-dependent features. Basically, the understanding of
an event can be seen as a backbone for the overall concept design.

The authors did not adopt this approach directly from any existing theory, but it
was shaped during the conceptualization process. Also, Hassenzahl and
Tractinsky (2006) have used categorization into user, technology and use context,
but in a different sense. They state that the user experience is a consequence of a
user’s internal state (predispositions, expectations, need, motivation, mood, etc.),
the characteristics of the designed system (complexity, purpose, usability, func-
tionality, etc.), and the context (or the environment) in which the interaction occurs.

In both of these approaches, persuasive systems design and user experience,
these dimensions have similar meanings, but the PSD model lays more stress on
behaviour change aspects. As an example, when the use context is analysed, it
means that the designer has to understand the domain-specific features. In the
domain of health and well-being it usually means that health care professionals,
such as physicians, physiotherapists, and psychologists, have to be involved in
the design so as to provide the actual content for the system. The content might,
for example, be a self-care plan of a chronic disease, home exercise program, or
an intervention to reduce stress. Conversely, the designers can have expertise of
the problem area which they have gained through earlier experiences.

Analysis of the user context for its part should have its emphasis on character-
istics that are relevant to the behaviour change, such as user's readiness to
change and personal characteristics than can be used to personalize the system.

Analysis of the technology context should cover the overview of available tech-
nologies including devices with larger displays for longer sessions of use, mobile
devices for shorter sessions of use, devices for home measurements, and weara-
ble devices for continuous monitoring.

The understanding of strategy states basically the same as the third postulate,
direct and indirect routes are key persuasion strategies. An individual who carefully
evaluates the content of the persuasive message may be approached by the di-
rect route, whereas an individual who is less thoughtful and uses simple cues or
stereotypes for evaluating the information may be persuaded through the indirect
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route. Especially if the use context is challenging in a way that the user cannot
carefully evaluate the content of the message, it is important to support the indirect
route.

Strategy selection influences the third phase of persuasive systems design
which is requirement definition. As an example, if it is expected that the users will
change their behaviour through the direct route, it would be feasible to persuade
smokers to quit smoking by providing information about the dangers or financial
costs of smoking. If is expected that the target group will change its behaviour
through the indirect route, it would be feasible to design a subtle suggestion to
stub out a cigarette if nobody else in the room is smoking either.

4.1.4 Requirement definition for system qualities

The PSD model suggests that requirement definition for persuasive system quali-
ties is an important step in the Persuasive Systems Development. The PSD model
lists 28 design principles for persuasive system content and functionality and de-
scribes example software requirements and implementations. These categories
and principles of the PSD model are expected to be especially useful in require-
ments definition. The authors state that a systematically designed persuasive
system has software requirements that apply persuasion principles.

Following the modern methods of requirement elicitation, the categories and
design principles could be useful in co-creation sessions where people work in
collaboration to find inspiration for the core design team (Stickdorn and Schneider
2011).

Most of the principles of the PSD model have been adopted from Fogg (2003),
but some of the design principles are novel. Also, a new categorization of these
principles is proposed, consisting of the primary task, dialogue, system credibility,
and social support categories (see Figure 11). The authors have aimed to de-
scribe the principles and to explain how the suggested design principles can and
should be transformed into software requirements and be further implemented as
actual system features. Basically, the categories were formed by having all the
principles on the table and then grouping them into classes within a conceptual
scheme.
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Figure 11. The PSD model (Oinas-Kukkonen and Harjumaa, 2009).

The design principles in the primary task support category support the carrying out
of the user’s primary task. Task can be defined as the action carried out by the
user in turning input into output (Goodhue and Thompson, 1995). All design prin-
ciples in this category are based on the work of Fogg (2003), more precisely on
the tool category. However, there are also many differences to these. Based on
the understanding of the authors, the principle of suggestion emphasizes the im-
portance of provision of meaningful content for the user rather than providing
support for carrying out a process or making a task simpler to do. For this reason,
it has been moved into another category. Also, principles of surveillance and con-
ditioning have been omitted, because of their discrepancy with the fifth postulate.
The authors also tend to think that users act more or less rationally in the way in
which they form and modify attitudes on the basis of beliefs and values rather than
performing behaviour as a result of conditioning. The design principles in this
category are reduction, tunnelling, tailoring, personalization, self-monitoring, simu-
lation, and rehearsal.

The design principles in the dialogue support category are related to human-
computer interaction, or dialogue, as the authors call it, and more specifically to
the user feedback. The design principles in this category are partly based on Fogg
(2003) and more specifically to the social actor category (attractiveness, similarity,
and praise) and media category (virtual rewards). Reminders and social role are
novel design principles, whereas the principle of reciprocity was excluded from this
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framework because it was seen as a characteristic of a user rather than a system
feature. The design principles in this category include praise, rewards, reminders,
suggestion, similarity, liking, and social role.

The design principles in the system credibility support category describe how to
design a system so that it is more credible and thus more persuasive. The design
principles in this category have been adopted and modified from Fogg (2003), but
there are, however, some differences. The principles of fulfiiment, ease-of-use,
responsiveness, and near perfection have been excluded from this category, be-
cause they are considered to belong to the postulates. Since personalization is
very closely related to tailoring, it can be found from primary task support category.
On the other hand, the key benefit of referring to an authority is to increase system
credibility in a similar manner to other principles in this category, and thus, it is
listed here. Undoubtedly principles of presumed credibility, reputed credibility, and
earned credibility would influence users, but since these cannot really be repre-
sented as system features, they are excluded here. The design principles in this
category include trustworthiness, expertise, surface credibility, real-world feel,
authority, third-party endorsements, and verifiability.

The design principles in the social support category describe how to design the
system so that it motivates users by leveraging social influence. These principles
have been adopted from Fogg's (2003) principles on mobility and connectivity.
Kairos factors and the principles of convenience, mobile simplicity, mobile loyalty,
mobile marriage, and information quality have been covered in the postulates. The
design principles in this category include social facilitation, social comparison,
normative influence, social learning, cooperation, competition, and recognition.
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5. Demonstration of the applicability of the
model

This section demonstrates how to use the PSD model. The PSD model has been
used in publications IV, V and VI where it has been used in an e-Health context.
The fourth publication concentrates on investigating how the PSD model can be
utilized in the design work, whereas the fifth and sixth publications focus on how
the PSD model can be utilized in the evaluation work. This section summarizes
the main contribution of the publications.

5.1 Applicability of the PSD model in the design of e-Health
systems

The fourth publication concentrates on investigating how the PSD model can be
utilized in the design work — to support an identification of persuasive aspects in
the early stages of iterative, user-centred, information systems development. Alt-
hough the PSD model has been described in the publication through a more tradi-
tional software development process, the study showed that especially the design
principles can be a fruitful source for new functionalities in an iterative, user-
centred development process.

In order to integrate the PSD model into the systems development it was nec-
essary to select real life practice-based problems where this kind of design ap-
proach was needed and to use the PSD model in them. This study describes
experiences from two health-related system design cases. The objective of both of
these systems is to deliver an intervention which seeks to make a positive change
in the health behaviour of the users. Case 1 involves a fall risk assessment and
fall prevention system to deliver an intervention designed to reduce fall risk (see
Figure 12). More detailed information about the system is available in Simila et al.
(2013). Case 2 involves an existing smartphone application designed to increase
mental well-being by teaching skills that boost psychological flexibility and mental
wellness (see Figure 13). More detailed information about the application is avail-
able in Ahtinen et al. (2013).
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Figure 12. Concept of a fall risk assessment system studied in Case 1 (the figure
is reproduced with kind permission from Ageing in Balance project, VTT, Finland).
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Figure 13. Prototype of a mobile mental wellness training for stress management
studied in Case 2 (the figure is reproduced with kind permission from SalWe
SHOK, VTT, Finland).
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Because one of the objectives of the PSD model is to show examples of how the
suggested persuasive design principles can be transformed into software require-
ments and further implemented as actual system features (Oinas-Kukkonen and
Harjumaa, 2009), the PSD model was applied during the user requirements analy-
sis and concept design phases. In practice, this meant that a co-creation session
was organized for the people working in the two selected cases. In order to bring
the PSD model closer to practice, the author outlined a design canvas which was
aimed at facilitating the ideation work. The basic building blocks of the resulting
Persuasive Technology Design Canvas are: 1) Analysis of the intention, 2) Design
of the content and 3) Design of the functionalities (see Figure 14). By making a
clear distinction between the content and the functionalities, the author wanted to
emphasize that the Persuasive Technology Design Canvas is not limited to any
particular theoretical model of behaviour change; it can be used across many
kinds of design work. As an example, the content in Case 2 was based on Ac-
ceptance and Commitment Therapy (ACT) (Hayes et al., 2006).

INTENTION —
Who, What, When, Where, Why?

>
z
>
z
<
(2}
»

CONTENT - What? FUNCTIONALITIES — How?
What theories, methods How technology has been implemented?
or assumptions the technology How technology could be implemented?
relies on?
What kind of content
is provided?

What kind of content could
be provided?

Primary task Dialogue
o E.g. principles of E.g. principles of
m reduction, tunnelling, praise, rewards,
g tailoring, personaliza- reminders, sugges-
= tion, self-monitoring, tion, similarity, liking,
simulation, and and social role.
rehearsal.
Credibility Social support
E.g. principles of E.g. principles of
trustworthiness, exper- | social learning, social
tise, surface credibility, comparison, norma-
real world feel, authori- tive influence, social
ty, third-party endorse- facilitation, coopera-
ments, and verifiability. | tion, competition, and
recognition.

Figure 14. The Persuasive Technology Design Canvas.
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The study shows that, where the PSD model was utilized, participants of the co-
creation sessions were able to identify more persuasive functionalities compared
to their existing preliminary user requirements or designs. Initially there were 15
different persuasive functionalities applying principles from three categories in
Case 1 and after the co-creation workshop there were 39 different functionalities
from applying principles from the four PSD model categories (see Table 2). In
Case 2 it was identified that in the current application there were 17 different per-
suasive functionalities applying principles from three categories, and after the co-
creation workshop there were 27 different functionalities applying principles from
the four PSD model categories.

Table 2. Quantity of the persuasive functionalities before and after the co-creation
session.

‘ Before After Increase
Case one 15 39 160%
Case two 17 27 60%

To summarize, the study demonstrated how persuasiveness can be built into
systems. It also specified the purpose of the PSD model; it clearly helps to identify
new requirements for persuasive systems. It seemed, however, that is was the
most useful in increasing the awareness of the features needed to accomplish an
e-Health system that aims to support changes users’ behaviour.

5.2 Applicability of the PSD model in the evaluation of e-
Health systems

The fifth publication demonstrates how the PSD model can be utilized in the eval-
uation — to identify the persuasive functionalities embedded into the functionality of
a heart rate monitoring system. The sixth publication is similar to the fifth publica-
tion; it also demonstrates how the PSD model can be utilized in the evaluation — to
identify the persuasive functionalities embedded into functionality of a medicine
reminder system.

5.2.1 Evaluation of a heart rate monitoring system

The fifth publication describes the findings of a qualitative, longitudinal field trial
with 12 users who adopted a prototype of a heart rate monitor (HRM), the Polar
FT60. The HRM includes a persuasive training program, which aims to promote
proper exercise. The study demonstrates how persuasive techniques can be iden-
tified in system functionality, and how persuasive techniques function i.e. how the
users experience them.
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The PSD model was used in two phases during the study: to analyse the sys-
tem features through an expert analysis and to guide the qualitative analysis and
structure the user experience findings.

5.2.1.1 Expert analysis of the system features

The study shows that the HRM applied three principles related to supporting the
primary task, four principles related to supporting system-user dialogue, and three
principles related to supporting the system credibility. It was not possible to explore
techniques related to the category of social support, because the system did not
support communication between users through designated functionality at the time
of the study. The persuasion principles that were found to have been applied in the
design of the HRM were: reduction, tailoring, self-monitoring, praise, rewards, re-
minders, social role, trustworthiness, expertise, and surface credibility (see Table 3).

Table 3. Identified persuasion principles in Polar FT60 HRM.

‘ Primary task support Dialogue support
+ Reduction + Praise
- Tunnelling + Rewards
+ Tailoring + Reminders
- Personalisation - Suggestion
+ Self-monitoring - Similarity
- Simulation - Liking
- Rehearsal + Social role

tem credibility support

+ Trustworthiness - Social learning
+ Expertise - Social comparison
+ Surface credibility - Normative influence
- Real-world feel - Social facilitation
- Authority - Cooperation
- Third-party endorsements - Competition
- Verifiability - Recognition

Over the course of the study it was found that all users responded positively to
eight out of the ten techniques. These techniques are, in the order of their relative
strength, the following: self-monitoring, reduction, reminders, trustworthiness,
tailoring, social role, expertise, and surface credibility. The impact of applying
these principles was fairly consistent, whereas responses towards praise and
rewards varied by user. The persuasive system features and how they functioned
are described as follows.
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The principle of reduction is applied to lessen the effort that users need to in-
vest in planning and carrying out the right kinds of exercises. The program pro-
vides easily executed weekly goals based on expert knowledge in physiology and
sports medicine. This makes it easier for the user to carry out their exercise regi-
men and improves the cost-benefit ratio of the target behaviour.

The principle of tailoring is applied to tailor the personal training program with
respect to the user’s personal information such as age, gender, weight and heart
rate information as well as the long-term goal that the user has set for the training
program.

The principle of self-monitoring is applied to provide information during exercise
and to change current behaviour according to it. After the exercise, the program
gives feedback which helps the user to change their plans for the following exer-
cises that week. The weekly follow-up helps the user to evaluate their progress
compared to past weeks and to plan future weeks.

The principle of praise is applied in positive verbal feedback that the system
gives after each exercise, such as “Maximal performance improving,” or through
weekly feedback, e.g. “Excellent!” or “Well done!”

The principle of rewards is applied in virtual rewards that the personal training
program gives users if they have reached their goals in an excellent manner. Re-
wards are in the form of one to three stars or a trophy that appear on the user’s
wrist unit display.

The principle of reminders is not used as a reminder to perform exercises as
you would expect, but as a reminder to re-check the results of a past week’s exer-
cises and thus follow progress on a regular basis. The reminder is implemented as
an envelope on the wrist unit’s display.

The principle of social role is not implemented explicitly as an image of a virtual
coach, but a more subtle concept of a personal trainer who gives verbal feedback
and guidance based on users’ actions.

An estimation of the credibility was made based on the expert analysis. The
principle of trustworthiness was communicated through the “Polar” brand in this
case, and because the company has a history of high-quality products, it is posi-
tioned as a market leader, and it bases its products on scientific research. The
research was conducted in Finland, where the Polar brand is generally well-
known. The principle of expertise was communicated through the training pro-
gram, which is based on expert knowledge in physiology and sports medicine. The
principle of surface credibility was communicated through the credible appearance
of the system.

5.2.1.2 User experience findings

The target group of this study can be characterized as “sports enthusiasts”. All
participants were already active in sports and their primary goals for exercising
were to maintain and improve their fitness. Most of the participants (n = 8) had
prior experience of HRM systems. According to the users’ own opinions, they
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knew how they should exercise. However, they admitted that they did not always
exercise according to their best knowledge. The most interesting user experience
finding was that the users felt that it was difficult to exercise less intensively as
they had been used to training more intensively. The biggest challenge in adoption
of the personal training program was that users did not want to include lighter
exercises in their weekly plan.

However, after participants had been using the training program for two weeks,
eight out of 12 carried out the suggested amounts of exercises and followed the
three intensity zones. They changed their actual behaviour during the exercises
and also started to plan their exercises in a new way.

The study suggests that leveraging goal setting, tracking performance, adopting
social roles, along with high overall perceived credibility influences user behaviour.
Short-term verbal system feedback via praise and rewards may provide additional
support in persuading some people. It was also emphasized in the results that,
even if the product is designed for a homogeneous target group, small individual
differences between users may weigh in the persuasion. It was suggested that it is
safer to select a set of persuasion principles and use them together than rely on
one principle only. On the other hand, it was found that the persuasion principles
are inter-linked. The effect of persuasion principles may be “more than the sum of
its parts”. As an example, offering tailored information to a user may have a posi-
tive effect on system credibility, whereas repeating rather trivial praises may have
a negative effect on system credibility.

5.2.2 Evaluation of a medicine management system

The sixth publication presents a study in which the PSD model was used in order
to discuss how the persuasive features or a multimodal medicine management
system addressed patient-centred factors influencing non-adherence. Also, the
expectations of the system and user experience findings from an empirical qualita-
tive field trial are presented.

5.2.2.1 Expert analysis of the system features

The Personal Medicine Assistant (PMA) is a multimodal reminder system which
reminds its primary end-users to take their medicines, supports them in the medi-
cation taking process, and provides medicine information and personalized feed-
back. For home care professionals, the PMA provides an opportunity to monitor
medication taking. The system is based on basic off-the-shelf equipment — a tablet
PC with a touch screen, text to speech synthesizer application, an external Near
Field Communication (NFC) reader/writer device, and regular medicine packages
tagged with NFC labels. The main purpose of the PC is to display the calendar,
alert the user with reminders, and provide a view for care professionals for medi-
cation planning and adherence, whereas the NFC reader/writer device and tagged
medicine packages are used for storing and reading medicine information from

73



NFC tags. The role of the speech synthesizer is to transform the text displayed on
the screen into speech. PMA’s main view of the graphical user interface for elderly
users is presented in Figure 15.

22 de JUNIO del 2010

DESAYUNO -3 e O [ C

COMIDA MERIENDA DORMIR

1 Frenadol

2 Aspirina

Figure 15. PMA’s main view for elderly users (the figure is reproduced with kind
permission from HearMeFeelMe project, Tecnalia, Spain).

The main view of the interface shows a medication plan for a day, and thus the
system aims to reduce the effort required to remember to take the correct medi-
cines at the correct time (principle of reduction). The plan shows the medicine and
dosage information of the medicines that the user has to take during the day.
Information provided can be tailored according to the user’'s needs (tailoring). The
default medication plan is divided into four sections. By default these are breakfast
(desayuno), lunch (comida), dinner (cena), and bedtime (dormir), but they can be
personalized based on the needs of the particular user (e.g. snack/merienda can
be added) (personalization).

The system aims to guide users through the medication process (tunnelling).
When it is time to take medicines, the PMA reminds users visually by showing a
reminder and providing an audio description (reminders), and informs the user
which medicine to take one by one and the respective dosage. Then it asks the
user to find the medicine package and to place it on the NFC reader to verify its
content. Once the medicine is identified and the reminder system confirms that it is
the right one (reduction), the user receives a positive response and a prompt to
take the medicine. Then the user confirms their medicine consumption by touching
the “OK” button on the PC screen, and the system registers that the user has
taken their medicines. When the user gives confirmation, the system notifies the
user by displaying the reminder window in a green colour. The previous verification
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and confirmation steps will be repeated, one by one, until all the medicines are
taken. When the confirmation process is finished, the calendar will be shown again
with information about the next medicine and dosage of the day. The PMA uses
praise via words to give motivating feedback about successful medicine taking.

The designers have also aimed at using terminology which would be familiar to
elderly users (similarity) and selecting attractive colours and figures (liking). Using
an avatar “virtual nurse”, the system adopts a social role. The system provides
information that is perceived as trusted by the users, because it is managed by
home care professionals (trustworthiness). The system is also viewed as incorpo-
rating expertise, because it is provided by home care professionals (expertise).
The system has been designed to have a competent look and feel (surface credi-
bility). In addition to the scheduled medication process, PMA can be used to pro-
vide information about the medicines at any time. The user can read the infor-
mation stored in the NFC tag attached to the medicine package by placing the
NFC-labelled medicine package on top of the NFC reader.

To summarize, the persuasion principles that were found to have been applied
in the persuasive design of the personal medicine assistant were: reduction, tun-
nelling, tailoring, personalisation, praise, reminders, similarity, liking, social role,
trustworthiness, expertise, and surface credibility (Table 4).

Table 4. Identified persuasion principles in PMA.

Primary task support

Dialogue support

+ Reduction + Praise
+ Tunnelling - Rewards
+ Tailoring + Reminders
+ Personalisation - Suggestion
- Self-monitoring + Similarity
- Simulation + Liking
- Rehearsal + Social role
System credibility support Social support

Trustworthiness

Social learning

Expertise

Social comparison

Surface credibility

Normative influence

Real-world feel

Social facilitation

- Authority - Cooperation
- Third-party endorsements - Competition
- Verifiability - Recognition

The user experience findings, which are described in the next chapter in more
detail, showed that elderly users’ perceived need for this kind of system was low,
even if a need for the system was identified earlier in the development process.




Publication VI discusses whether the reason was that users’ reasons for non-
adherence and other possible factors influencing technology adoption were not
understood thoroughly enough. Thus, it is possible that the system partly failed to
provide value for the users. Publication VI points out that it would be important to
understand patient-centred factors that influence non-adherence and how the use
of persuasive functionalities in a Medication Management System (MMS) could
address these reasons. Also, concrete examples are presented. As an example, if
the reason for non-adherence is misunderstanding of prescribing instructions,
following persuasion principles could be helpful:

— Reduction: MMS can reduce users’ efforts to manage medicines by providing
a daily medication plan.

— Tunnelling: MMS can provide the means to guide the user through the
medication process and therefore users are able to avoid mistakes and
learn to take the right medicines at the right time.

— Personalization: MMS can help users to understand prescription instructions
by using personalized medicine names which are familiar for the user.

— Rehearsal: MMS can provide the means to rehearse the medication process.
— Reminders: MMS can remind users to take their medicines.

— Similarity: MMS can help to understand prescription instructions by using
language that is familiar to users.

— Tailoring: MMS can provide tailored information showing only information
that is relevant to the current user

Other patient-centred factors that influence non-adherence (based on Vlasnik et al.,
2005) and examples of how persuasive functionalities could be used in a (MMS) are
described in Publication VI.

5.2.2.2 User experience findings

The study showed that the PMA system was expected to provide concrete assis-
tance with medication management by reminding people to take their medicines
and guiding users through the medication process, providing a monitoring func-
tionality for home care professionals and even helping home care professionals to
identify patients’ cognitive problems at an early stage. In addition, multimodality
was expected to bring benefits through providing information in audio format,
reinforcing reminders using visual feedback and requiring users to pick up the
medication package during the medication process.

The user experience analysis showed that the older participants considered
many of the system qualities to be useful for themselves or somebody else in a
certain situation, such as a person living alone or a person whose medication plan
has been changed. Users experienced that the system offers concrete assistance
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with medication management through reminding them to take their medicines and
guiding them through the medication process. Users’ attitudes towards the multi-
modality with audio feedback and touch-based user interfaces were positive.
However, elderly users’ perceived need for this kind of system was low, even if a
need for the system was identified both in the early stages of the development as
well as later by the home care professionals. The reasons are discussed in more
detail in Publication VI.

5.3 Summary and future directions

According to the design science research approach, it is important to reflect the
empirical findings back to theory. Thus, this section summarizes the results of the
demonstration and pinpoints challenges that should be acknowledged in the future.

In the design science research approach the success of the construction corre-
lates more with the practical relevance of the solution than with the theoretical
analysis which is more common in empirical-analytical research. It is important to
show that the developed construct is better than its predecessors. The demonstration
shows that the categories and principles of the PSD model can be successfully
applied during the user requirements analysis and concept design phases to iden-
tify new potential persuasive functionalities (Publication IV) and analysing the
persuasive functionalities of an existing product (Publication V and VI).

When the PSD model is compared to the Functional Triad (Fogg, 2003), it can
be seen that both models can be used as a resource to foster new ideas, but only
the PSD model introduces persuasive design practices into the IS development.
By combining persuasive design practices and IS development it is possible to
describe a new way to develop software — how to transform the persuasion princi-
ples into software requirements and functionalities.

The motivation for this study was explored in Publication | and some criticism
was also presented of the Functional Triad. After the construction of a new frame-
work, it is useful to show the differences between the PSD model and the Functional
Triad regarding the criticism that was presented in Publication | (see Table 5). The
analysis shows that the PSD model succeeded in meeting some of the objectives,
but not all.
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Table 5. Differences between the Functional Triad and the PSD model.

The Functional Triad

The views on persuasive technology func-
tioning as a tool, a media or a social actor
are problematic. However, they are justified
by stating that persuasion strategies will
differ depending on whether a computing
technology is functioning as a tool, a media
or a social actor.

The PSD model

The new categorization was formed by
having all the principles on the table and
then grouping them into classes within a
conceptual scheme. It was considered
necessary to classify the principles based
on their purpose. Further research supports
the feasibility of the categories of the PSD
model (Lehto et al., 2012a; 2012b).

The suggested principles within the tool, the
media and the social actor categories are
not at an equal level of abstraction.

The new categorization of the principles
aims to be more comprehensive by relocat-
ing the principles and not including overlap-
ping principles. However, researchers
reported on not understanding the differ-
ence between all of the principles and
finding them ambiguous (Publication V).

The media category is quite limited while it
focuses on simulations.

After the new categories were formed,
media category was not seen necessary
any more.

The principles are overlapping. There ap-
pears to be a need for reorganizing and
renaming the principles with respect to
understanding their application in practice.

The PSD model aimed to reorganize and
rename some of the principles. However,
the PSD model still cannot be considered as
a normative framework.

The analyses of the persuasive functionalities of existing products showed that the
system qualities fall quite easily into the four categories of primary task support,
dialogue support, system credibility support and social support. However, it was
observed that some principles were ambiguous, and thus, it would be important for
there to be universal understanding of the meaning of the design principles. It has
been stated that some of the principles are ambiguous (e.g. in Langrial et al.,
2012a) and therefore, there should be more thorough explanations of the princi-
ples. There are also some principles that are difficult to identify based on expert
analysis because of their subjective nature, such as liking and surface credibility,
and thus it would be preferable to identify them based on user experience findings.

The field trial findings indicate that, from the user experience perspective, the
persuasion principles are inter-linked. The effect of persuasion principles may be
“more than the sum of its parts”. As an example, offering tailored information to a
user may have a positive effect on system credibility, whereas repeating rather
trivial praises may have a negative effect on system credibility. Thus, there is a
need for a deeper understanding of distinct design principles. Interestingly, alt-
hough the PSD model suggests following the three steps of a more traditional
software development process i.e. analysis, design and implementation, the study
reported in Publication 1V showed that the model can be a fruitful source for new
functionalities in an iterative, user-centred development process following a proto-
typing software development strategy. Thus, even if the PSD model has been
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described in the publication (Publication Ill) by using a traditional system devel-
opment process stage model, it encompasses the viewpoint of more modern soft-
ware development processes and practices.

The PSD model suggests that it is important to understand the meaning of in-
tentionality in the persuasion process. However, in the information systems field
the intention or motivation behind the technology is often difficult to identify (see
e.g. Langrial et al., 2012a), and there is a need to understand intentionality in a
more thorough way. Fortunately, this issue has been studied further and Oinas-
Kukkonen (2013) has suggested an O/C Matrix for analysis of the intent. Also,
Wiafe et al. (2011, 2012) have suggested a new model that can be used for ana-
lysing the intent, the event, and the strategy. The most fundamental difference of
the 3-Dimensional Relationship between Attitude and Behaviour (3D-RAB) model
(Wiafe et al., 2012) compared to the PSD model is that the technology context of
the PSD model is studied as part of design strategy, because it is not feasible to
select the technology before the strategy is selected.

The PSD model comprises many components that are all relevant for the de-
velopment of behaviour change support systems, and so, it might seem to be a
complicated model when compared to some other approaches. For comparison,
Fogg’'s model of a design process has eight distinct steps (Fogg, 2009). This is
problematic for the PSD model, since the practical usefulness of the results is a
primary criterion for assessing the results in applied studies. Their relevance,
simplicity and easiness of operation are important. (Kasanen et al., 1993) If the
model is perceived to be too complicated or if it does not respond to a real life
need, people will rather live with the problem than accept a solution which they do
not understand (Meredith, 1993). The PSD model has also received some criti-
cism for being too high a level model, because it does not provide a sufficient
guide to the designer in how to perform the activities mentioned in the model
(Wiafe et al., 2012). To summarize, there is a need to simplify the process, but
more guidance should be provided for the designer. Fortunately, recent studies
have succeeded also in providing a deeper view of the technological aspects
involved in the BCSS development. As an example, Alahaivala et al. (2013) have
presented a software architecture design of a BCSS that can be used as a basis
for further designs.

Although the PSD model proposes how persuasive systems should be devel-
oped in a very holistic manner, its disadvantage is that it does not explicitly advise
including customers or users in the development process. One of the new design
practices, analysing the persuasion context, describes that it is important to un-
derstand the user, but the actual user participation is not mentioned. However, the
importance of user participation has been acknowledged in many studies and also
in the context of e-Health technologies (e.g. Van Gemert-Pijnen et al., 2011).
According to 1ISO 9241-210:2010 standard human-centred design is based upon
an explicit understanding of users, their tasks and environments and the design is
expected to lead to good usability and user experience (ISO 9241-210:2010). In
future work, the role of the users in the development of BCSSs should be de-
scribed at a more detailed level. User participation could take place during any of
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the three phases of an iterative user-centred development (see Publication 1V). It
would be necessary for the analysis of the persuasion context (Langrial et al.,
2012a) and for understanding the overall value of the system. Customer involve-
ment in software requirements analysis process has already been acknowledged
in software engineering (Pressman, 2000), but it has mainly focused on identifica-
tion of the functional values of the system. Ervasti (2013) has presented an exten-
sive framework of value dimensions, which can also be used in the design and
evaluation of BCSSs. It presents a rich description of values prioritized by different
customer groups in mobile service contexts, and extends the traditional under-
standing of value and usefulness. Also, Tuunanen et al. (2010) have pointed out
the importance of value creation in the information systems development.

It has been stated that information systems are social systems, because they
are developed by people for people, and their success is determined by social
factors. The role of the technology is secondary — a system should benefit the
customer or it will not be used. (Maciaszek, 2001)
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6. Discussion

This section has three objectives: 1) to discuss the relevance, validity and applicabil-
ity of the work, 2) to identify implications for the research and development of health
behaviour change support systems, and 3) to suggest topics for further research.

6.1 Theoretical implications

This doctoral thesis contributes to the body of scientific knowledge by presenting a
conceptual framework for designing and evaluating behaviour change support
systems and demonstrating its use in an e-Health context. Because behaviour
change support systems were a relatively new area of research at the time of the
conceptual study, and still are, all theoretical efforts made for promoting scientific
research in the area are valuable. Publishing the PSD model in a scientific journal has
not only made the model open for discussion and further improvement, but it has
opened a new theoretical discussion of the BCSS-related methodology in general.

The PSD model can help researchers to understand the key concepts of per-
suasive systems and the phases of persuasive systems development. Thus, the
framework can help researchers to develop new and improved conceptual models,
and to study the meaning of different categories and principles more deeply.

Since its publication in 2009, the PSD model has been used as inspiration for
further theoretical research, and it has several implications (see Table 6). As an
example, the PSD model has been used to study perceived persuasiveness
(Drozd et al., 2012; Lehto et al., 2012a; Lehto et al., 2013) and adherence of web-
based health interventions (Kelders et al., 2011; Kelders et al., 2012). Li and Chat-
terjee (2010) use the PSD model to focus their study: their focus is computer-
human interaction implemented through dialogue support and they use four per-
suasion principles: praise, reward, reminder and suggestion.

The model has also been applied in other research frameworks, such as in a per-
suasive Communication Privacy Management (CPM) framework (Coopamootoo and
Ashenden, 2011). In their framework, the authors have combined the original CPM
framework (Petronio, 2002) with the PSD model. The purpose of the framework is to
help in designing online privacy and thus make it more usable for the end-users.

The PSD model is also applied in the BCSS concept. In his theory-creating article,
Oinas-Kukkonen (2013) provides a foundation for studying BCSSs. The two main
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constructs of the concept are the PSD model and the O/C matrix. In this concept,
the role of the PSD model is to function as the state of the art conceptualization for
designing and developing BCSSs (Oinas-Kukkonen, 2010; 2013).

Wiafe et al. (2012) have developed a model for analysis of the persuasion con-
text (which has been proposed in the PSD model itself; the persuasion context),
and they apply their new approach to the PSD model. Based on their findings, the
authors suggest improvements to the PSD model through a more detailed model
for analysis of the persuasion context. Table 6 describes how the PSD model has
been used in different studies.

Asterisk symbol (*) in Tables 6—8 denotes that at least one of the authors of the
article studies BCSSs at the University of Oulu, and thus, the use of the PSD
model is purposefully selected.

Table 6. Examples of theoretical implications.

Reference ‘Use of the PSD model

Coopamootoo The authors use the PSD model to design a persuasive Communication Privacy

and Ashenden Management (CPM) framework.

(2011)

Drozd et al. The authors apply the PSD model in a quantitative analysis to test perceived per-

(2012)* suasiveness of a web-based intervention designed to influence eating behaviours.
They also study how perceived persuasiveness of the intervention relates to usage.
The study shows that the categories of the model have a significant impact on
perceived persuasiveness and actual system usage.

Kelders et al. The authors apply the model to web-based health interventions in order to systematically

(2012) study how the three categories are used in interventions and investigate their possible

Kelders et al. influence on adherence. The credibility support category was omitted, because these

(2011) principles were not reported in the studies. The review of 83 interventions shows that a
mean of 5.6 out of a possible 21 elements were employed in them, and the primary task
support elements were the most commonly employed. The study also revealed that
persuasive technology can improve adherence to web-based interventions.
The preliminary analysis published in 2011 is focused on weight loss interventions.

Lehto et al. The authors propose and test factors affecting perceived persuasiveness of the system

(2012)* and whether perceived persuasiveness predicts intention to adopt virtual health coach-
ing. The PSD model is used for category-level analysis.

Lehto et al. The authors construct and test a model predicting perceived persuasiveness of the

(2013)* system and actual usage of a BCSS. The PSD model is used for category-level
analysis.

Li and The authors use the PSD model to focus their study: their focus is computer-human

Chatterjee interaction implemented through dialogue support and they use four persuasion princi-

(2010) ples: praise, reward, reminder and suggestion. The study shows that different commu-
nication channels in combination with persuasive system qualities will have different
persuasive effectiveness. It also shows that adding a positive emotion to a message
that leads to a better user experience could increase persuasive effectiveness.

Oinas-Kukkonen | The author suggests the concept of a behaviour change support system (BCSS) in

(2013)* which the PSD model is one of the key constructs.

Wiafe et al. The authors have developed a model for analysis of the persuasion context, and

(2012) they apply it to the PSD model. Based on their findings, the authors suggest modifi-
cations to the analysis of the persuasion context.
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6.2 Practical implications

The conceptual framework presented in this doctoral thesis can help designers to
understand the key issues behind persuasive systems, to analyse the persuasion
context and to design persuasive system qualities. Until now, it seems that the
PSD model has a more established position in academia than in the business
field, but the model has, however, been used to design rather practical applications
(see Table 7) and to evaluate them (see Table 8).

The PSD model has been used in the development of BCSSs to describe the
overall process (Alahaivala et al., 2013), analyse the persuasion context (Young,
2010) and to design system qualities (Derrick et al., 2011; Langrial and Oinas-
Kukkonen, 2012; Langrial et al., 2012b; Pribik and Felfernig, 2012; Stibe and
Oinas-Kukkonen, 2012a; Stibe and Oinas-Kukkonen, 2012b; Young, 2010). Table 7

describes in more detail how the PSD model has been used in different studies.

Table 7. Examples of practical implications to design.

‘ Reference

Alahéaivala et al.
(2013)*

Use of the PSD model

The authors present a software architecture design of a BCSS
supporting weight loss and maintenance. They have used the PSD
model in the systems development to describe the process and to
design persuasive system qualities.

Derrick et al.
(2011)

The authors aim to develop intelligent agents which combine sensor
technology, artificial intelligence, customized interfaces and avatars.
They apply the four categories and design principles to provide
examples of how the intelligent agent could persuade users.

Langrial and
Oinas-Kukkonen
(2012)*

The authors used the PSD model to design a system for supporting
users in reducing their soft drink consumption. The study shows that
the participants reduced their soft drink intake and they perceived
reminders as a successful persuasion principle.

Langrial et al.

The authors use the PSD model to design a system for supporting

(2012b)* users to improve their sleep quality. Principles of reduction, tunnel-
ling, self-monitoring, reminders, rehearsal and social learning are
applied in the system.

Pribik and The authors use the PSD model to design a system for software

Felfernig (2012)

developers to encourage them to improve the software quality. The
applied principles are reduction, tunnelling, self-monitoring and
suggestion. The study shows that the behaviours of the developers
were changed.

Stibe and
Oinas-Kukkonen
(201243, 2012 b)*
Stibe and Oinas-
Kukkonen (2014a,
2014b, 2014c)*

The authors use the PSD model and its social support principles as
one of component of their research framework. Principles were also
built into a social feedback sharing system and the evaluation
indicated several positive effects on user perceptions and user
behaviour.

Young (2010)

The author analyses the persuasion context and designs the system
qualities of a system promoting physical activity among teenagers.
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The PSD model has also applied in the evaluation of existing systems by providing
heuristics for expert evaluations (Chang et al., 2013; Langrial et al., 2012a; Myneni
et al., 2013; Lehto and Oinas-Kukkonen, 2010; Lehto and Oinas-Kukkonen, 2011)
and systematic ways to analyse user experience data (Basic et al., 2013;
Segerstahl et al., 2010). Interestingly, it has also been applied to identify persua-
sion strategies used by the carers of elderly people from empirical interview data
(Vargheese et al., 2013). Table 8 describes how the PSD model has been used in
different studies.

Table 8. Examples of practical implications to evaluation.

‘Reference
Basic et al. (2013)

‘Use of the PSD model

The authors use the categories and design principles of the PSD
model for supporting systematic analysis of the persuasive sys-
tem qualities (from user experience data) of a web service target-
ing weight loss.

Chang et al. (2013)

The authors present a multidisciplinary expert review of 12 mobile
applications for mental well-being. The reviews were carried out
from the point of view of user acceptance, mobile intervention
design and persuasive design. The goal-setting principle was
added in the primary task category of the PSD model, and the
complemented model was used for supporting systematic analy-
sis of the persuasive system qualities.

Langrial et al.
(2012a)*

The authors analyse the persuasion contexts and identify the
persuasive system qualities of 12 mobile applications promoting
personal well-being using the persuasion principles as heuristics
in expert evaluation.

Lehto and Oinas-
Kukkonen (2010)*

The authors explore the utilization of various persuasive features
on six weight loss websites by applying the PSD model.

Lehto and Oinas-
Kukkonen (2011)*

The authors extract and analyse persuasive system features in
web-based interventions for substance use by applying the PSD
model.

Myneni et al. (2013)

The authors used the three categories of the PSD model to
identify the persuasive system qualities of an online social net-
work for smoking cessation. The credibility support category was
omitted (no explanation was given).

Segerstahl et al.
(2010)*

The authors studied situations in which the persuasive techniques
do not function as expected. The authors used the PSD model for
supporting systematic analysis of the persuasive system qualities
(from user experience data) of a web service targeting weight
loss.

Vargheese et al.
(2013)

Based on interviews, the authors have identified persuasion
strategies used by carers of elderly people and grouped them into
direct and indirect strategies as suggested by the PSD model.
They also present a profile assessment model for choosing a
persuasive strategy. The authors aim to develop digital interven-
tions that promote and encourage social interaction for elderly

people.
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6.3 Evaluation of the construction process

Nunamaker and Chen (1990) have stated as follows:

“A research process involves understanding of research domains, finding out
meaningful research questions, and applying valid research methodologies to
address these questions. Results from a good research project can contribute
to the body of knowledge both by expanding knowledge in a given domain and
by enlarging applicable methodologies in the domain.”

The author has applied a design science research approach for showing that there
is a practical need to understand the design and evaluation of behaviour change
support systems and has participated in the development and evaluation of a
construction that aims to solve this challenge.

One of the strengths of this study is that the PSD model has brought to light
many scientific background theories that are relevant for both researchers and
practitioners in this field. In the IS field, it is important to understand the research
domains (Nunamaker and Chen, 1990) and also to acknowledge the previous
scientific research, especially in constructive research (Lukka, 2003). This might
sometimes be challenging for “construction researchers” who represent rather a
practical approach.

However, this study also has some limitations. The research question was ap-
proached with a design science research approach, which satisfies the require-
ments of valid applied research (Kasanen et al., 1993). However, the approach
has also been criticized. There has been a debate on whether the design science
research is a method or methodology or even a research paradigm. Gregory
(2011) suggests that design science research is a research approach, something
in between a research method and a more general philosophy of science, or a
research paradigm. Also, many scholars in IS have come to believe that design
science research conducted by researchers is not science but consulting, because
it is characterized by the notion of building, constructing, or creating something
new that solves a real-world problem. (Gregory, 2011) However, even if an inte-
gral part of the research process is the search for a solution to a relevant problem
(Hevner et al., 2004), design science research emphasizes the study of design
artefacts and the involving processes in order to generate new insights and make
a contribution to knowledge (Winter, 2008). (Gregory, 2011)

This research methodology based on systems development is not that common,
for example, in clinical research of health behaviour change, but it is, however, “an
age-old method and process that human beings use to study nature and to create
new things” (Nunamaker and Chen, 1990). Although the artefacts studied are
artificial and man-made, the approach is actually very natural for humans. Also, it
should be pointed out that much of the research published in the area of BCSSs is
theory-testing by nature; based on quantitative modelling and laboratory experi-
ments. Thus, studies based on theory-building approaches are well suited to com-
plement the body of knowledge.
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At the beginning of the study, when all available research relevant to this re-
search question was evaluated and interpreted, the work could have been more
systematic. Now a set of key background theories was selected and it is possible
that a different kind of selection of theories would have led to a different kind of
solution. Also, the connection of the theories to the PSD model could have been
clearer; now that the connection is not that clear, researchers tend to improve the
model itself by providing theoretical explanations for the persuasion principles (see
Derrick et al., 2011). The process would have benefited from a systematic litera-
ture review procedure (Kitchenham, 2004) or another similar systematic analysis
method.

One of the weaknesses of the demonstration is that the PSD model was ap-
plied in these case studies as a normative framework, although it has not been
iteratively improved between the studies. According to the design science re-
search paradigm, the build-and-evaluate development loop of an artefact is typi-
cally iterated a number of times before the final design artefact is generated
(Markus et al., 2002). In retrospect, new iterations of the model would probably
improve practical relevance of the solution as a whole. However, it is important to
understand that, following the design science research approach, development of
the PSD model differs from the traditional theory building where the three phases
of description, explanation and testing are repeated iteratively until the models are
expanded into frameworks and finally into theories (Meredith, 1993). Whereas a
theory is a coherent group of interrelated concepts and propositions used as prin-
ciples of explanation and understanding (Meredith, 1993), a construct refers to an
entity which produces a solution to an explicit problem (Kasanen et al., 1993).
Thus, constructs are being evaluated with respect to their utility provided in problem
solving (Hevner et al., 2004) rather than their ability to describe “the truth”.

Another weakness of the demonstration is that the actual behaviour change of
the users was not measured. The PSD model was used in the case studies as an
inspection-based analysis method or as a framework to describe user experience
findings. The benefit of the inspection method is that the feasibility and usefulness
of the persuasive system can be estimated through prototypes before it has been
implemented and exposed to empirical testing with real users. However, actual
user studies would have showed more clearly how the different principles function
in practice.

Although Fogg’s Functional Triad (Fogg, 2003) and the PSD model have both
been published some time ago, they are both still answering questions that are
relevant today. The analyses described in Publications 1V-VI demonstrate the
further need for persuasive design, especially for leveraging social support princi-
ples, since they were not used in any of the existing designs. This has also been
acknowledged in other studies. Designers are keen to design systems to support
the primary task of the users, and especially the degree of social support is low
(Langrial et al., 2012a; Kelders et al., 2011). There is still a lack of knowledge
related to the development of BCSSs and especially to the variety of persuasion
principles that are available. It is expected that in the future, when the designers
acknowledge the social support category and its principles, the systems will be
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more persuasive. Also, the new Ul technologies that can be used for dialogue
support will enable more lifelike and natural interactions.

In many behaviour change interventions technology is still used as a passive
medium where its main purpose is to make the process more efficient, enable
communication or contribute to a positive user experience. The health information
provided can be static, or else the tailoring is determined a priori and the pro-
cessing of health information is not automated. (Kennedy et al., 2012) Improve-
ments are also required regarding the reporting of interventional studies of per-
suasive systems. Many studies do not identify which aspects of technology con-
tributed to the observed outcomes (Kennedy et al., 2012), which makes it difficult
to replicate studies, implement techniques in practical applications, or to synthe-
size them in systematic literature reviews. New methods, such as Michie et al.
(2013) taxonomy of behaviour change techniques (BCTs), should be adopted in
order to understand the technological aspects in more detail in the future.

Promotion of physical health has been the most covered health topic of behaviour
change applications (Kennedy et al., 2012), whereas mental wellness applications
are still in their infancy (Harrison et al., 2011). The development of mental well-
ness applications would be important, because mental ill health is becoming a key
issue for the well-functioning of OECD'’s labour markets and social policies. It also
causes an enormous economic burden. (OECD, 2012) Studies have shown that
mental wellness training applications can be acceptable and useful among work-
ing-age participants, and people can engage with their use (Ahtinen et al., 2013).

According to Chatterjee and Price (2009), future persuasive systems will be
characterized by advanced automation techniques in which human intervention is
minimal. They rely on extensive pervasive sensing of the users and their environ-
ment, and they can effectively process and mine data and send suggestions in a
completely automated way. These technologies will leverage the advances in
pervasive computing, sensor technology, and agent technology.

In order to nourish the adoption of BCSSs in healthcare, it is necessary to un-
derstand that products and services cannot be added on top of the existing pro-
cesses without any modifications, but their development should be done in co-
operation with the purchasing organization. According to Vargo and Lusch (2004),
physical goods should be seen as platforms or appliances that assist in providing
benefits. Therefore, they are best viewed as distribution mechanisms for services,
or the provision of satisfaction for higher-order needs. Already some time ago
Jimison et al. (1999) have suggested an evaluation cycle, which includes a needs
assessment before system development, usability testing during development,
and studies of use and outcomes in natural settings. Van Gemert-Pijnen et al.
(2011) has stated that introducing e-Health technologies into the health care sys-
tem requires careful coordination and communication among health care profes-
sionals, patients, informal caregivers, end users, and others.

There is no reason to limit future plans only to research or to the health domain.
The practical implications showed that some of the systems studied are existing
commercial products (e.g. in Segerstahl et al., 2010) or are designed for an existing
customer (e.g. in Alahaivala et al., 2013). As a new research innovation, the PSD
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model and the BCSS concept (Oinas-Kukkonen, 2013) in general has the potential
to open up new business possibilities for companies. As an example, by combin-
ing the BCSS concept with software tools it is possible to persuade software de-
velopers to improve the quality of their work (e.g. in Pribik and Felfernig, 2012). In
these kinds of tools, the persuasiveness could be used as a source to obtain com-
petitive advantage over other companies.

As e-Health becomes a part of people’s everyday life, it is challenging to com-
pete with the attractiveness of other applications. BCSSs have to compete with the
other applications for users’ time. It will be especially difficult to compete with
entertainment applications which have a more and more central role in the usage
of the internet (Digital agenda, 2013). Recent research has shown that less than
10% of the almost 200,000 users of an online and a mobile application for healthy
eating remained active (Helander et al., 2014; Kaipainen et al., 2012). Thus, be-
haviour support systems should have a compelling user experience, and they
should offer clear value to their users in order to be used. Oinas-Kukkonen and
Oinas-Kukkonen (2013) have pointed out that, in the web environment especially,
providing a rich user experience refers not only to the surface, but also to the
provision of positive user experience on a profound psychological level.

In the future, new diagnostics solutions combined with BCSSs will dramatically
change the way that care services are organized. According to Turner (2013),
“Escalating healthcare costs together with consumer demand is likely to generate
a new generation of inexpensive wearable, integrated and less-invasive sensors
amenable to mass production to support the maintenance of wellbeing, care of the
elderly, pharmaceutical development and testing, and distributed diagnostics.”
There will be new easy-to-use, portable devices for use by non-specialists for
decentralized, in situ or home analysis, which can be mass produced at low cost.
The trend towards personalized medicine is emerging. (Turner, 2013)

Besides the development of new technology and preventing life style-related
risk factors, also more far-reaching changes are needed in society in order to
increase people’s wellbeing. Health equity differs depending on where people are
born and raised: “A person who has been born and lives in Japan or Sweden can
expect to live more than 80 years; in Brazil, 72 years; India, 63 years; and in sev-
eral African countries, less than 50 years” (Marmot et al., 2008). Differences are
also excessive within countries. The poorest people have high levels of illness and
premature mortality, but at all levels of income, the ones who are in a lower socio-
economic position have a worse health situation (Marmot et al., 2008). It has been
suggested that, in order to increase health equity, it is important to improve the
daily living conditions of people, tackle the inequitable distribution of power, money,
and resources, as well as measure and understand the problem and assess the
results of actions (Marmot et al., 2008).
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7. Conclusions

As more and more systems are designed for supporting attitude and/or behaviour
change in the users, there is a need to introduce persuasive design practices into
the software development. This study describes a construction and demonstration
of a model for design and evaluation of behaviour change support systems.

The study shows that there is practical need to understand the design and
evaluation of behaviour change support systems. The study describes the history
of the constructed model and how it is connected to earlier theory. The main re-
search question is the practical functioning of the solution.

The findings show that the model can be successfully applied during the user
requirements analysis and concept design phases in order to identify new poten-
tial persuasive functionalities and analyse the persuasive functionalities of an
existing product. The constructed model has already been used in academia as
inspiration for further theoretical research, and it has several implications in prac-
tice. The model has been used for design and also for evaluation. The study
shows that, by combining persuasive design practices and software development,
it is possible to describe a new way to develop software.
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ABSTRACT

The internet provides smoking cessation Web portals that
may reach people who would not otherwise visit a smoking
cessation clinic. The Web portals offer both non-interactive
information and interactive features which aim at helping
users to change their attitudes towards smoking or change
their behaviour i.e. quit smoking. In this study four Finnish
language smoking cessation Web portals were evaluated and
their persuasiveness was studied through Fogg’s functional
triad as the framework. Some Fogg’s persuasion principles
were recognised in them, but they were not applied to a full
extent. The results also suggest that Fogg’s framework need’s
to be extended to be for studying and analyzing persuasive
systems.

1. INTRODUCTION

Smoking is a serious problem for individuals as well as for
the society. Many people want to quit smoking but they find it
difficult because smoking causes physical, emotional and
social addiction that is hard to overcome. The internet
provides smoking cessation Web portals that may reach
people who would not otherwise visit a smoking cessation
clinic [1]. Commonly, The Web portals for smoking cessation
offer both non-interactive information, such as scanned
booklets, fact sheets, pictures, audio and video files, addresses
of smoking cessation clinics, telephone numbers of quitlines,
links, news and untailored email-messages, and interactive
features, such as discussion forums, chats, exchange of
personal stories, interactive tests, FAQs, interactive quizzes,
computer tailored counselling systems, tailored email-
messages and one-to-one counselling by email [1]. The
purpose of these features is to get users to change their
attitudes towards smoking or change their behaviour i.e. to
quit smoking.

Changing attitudes and/or behavior is called persuasion.
Persuasion is one form of influence. It can be defined as an
attempt to change people’s attitudes or behaviors or both
without using coercion or deception [2]. Besides changing
attitudes, persuasion occurs when attitudes are being shaped
or reinforced [5]. A persuasive system is a computerized
information system designed to reinforce, change or shape
attitudes or behaviors or both without using coercion or
deception [9].

Persuasive technology studies interactive computer
systems designed to change people’s attitudes and behaviour
[2]. There are two strategies for persuasion, a direct and an
indirect route [9] [3] [4]. An individual who carefully
evaluates the content of the persuasive message may be
persuaded by the direct route, whereas an individual who is
less thoughtful and uses a simple cue (e.g. the source of the
message) or a rule of thumb (“experts can be trusted”) for
evaluating the information may be persuaded through the
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indirect route [9]. The smoking cessation Web portals try to
appeal both, user’s reason and intelligence by offering
information, and emotions by offering attractive interactive
features. In an optimal situation the Web portal is persuasive
enough so that the user registers and then it supports the
attitude and behaviour change process by guiding the user to
the right direction. Also people who have already quit
smoking may find the Web portals useful because of the
reinforcement they offer.

The study of persuasive technology is interested in human-
computer interaction, in particular how people are being
persuaded when interacting with computer technology. This
may be called human-computer persuasion, while other types
of persuasion are interpersonal and computer-mediated
persuasion [6]. A relatively well-known framework of
persuasive technology is Fogg’s functional triad [2] [7],
which provides one way to explore the persuasiveness of an
information system. It defines three persuasive roles for
computer technology and several persuasion principles.

The object of this study is twofold: 1) to explore how the
smoking cessation Web portals persuade users by using
Fogg’s functional triad as the framework, and 2) to evaluate
how suitable Fogg’s framework is for studying and analyzing
persuasive systems (in this case Web portals).

II. RESEARCH SETTING

A.  The smoking cessation Web portals

We chose four Finnish language smoking cessation Web
portals for a closer look. General health portals were
excluded, because their smoking cessation pages contained
only text-based content without interactive functionalities.
The smoking cessation specific Web portals were chosen
based on their interactivity and offering of a versatile set of
functionalities. The portals were heuristically evaluated.

Stumppi  (www.stumppi.fi, later C1) is a relatively
extensive  information service for smokers, health
professionals, teachers and coaches. It is produced by a Social
Insurance Institution and several health promotion
associations.

Fressis (www.fressis.fi, C2) is quite simple information
service for young people. The portal has a compelling “pink
coffinshop” —theme. The portal is produced by the association
of Finnish cancer leagues.

Lopeta ja voita (http://www.lopetajavoita.fi, C3) is part of
the international Quit&Win -campaign which encourages
smokers to stop smoking for a month or for six months. The
money prizes are quite encouraging; the first prize is 6000€.
In Finland, the competition is organized by Social Insurance
Institution.

Lopeta  (http://www.lopeta.fi/, C4) offers some
information about positive health consequences of smoking
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cessation, treatments, nicotine addiction and smokers’
diseases. It is produced by GlaxoSmithKline, a
pharmaceutical company.

B.  The persuasion principles

Fogg defines three roles for persuasive computer technology.
Computers serve as tools; they make things easier or more
efficient to do or they do things that would be impossible
without technology. Computers can serve as tools by reducing
complex behaviour to simple (reduction), guiding users
through a process or experience (tunneling), providing
tailored information (tailoring), offering suggestions at the
opportune moments (suggestion), offering quick ways to track
performance or status (self~monitoring), observing other’s
behaviour (surveillance), or using positive reinforcement to
shape complex behaviour (conditioning).

Secondly, computers serve as media. Computers can
serve as media by using simulations to demonstrate the link
between cause and effects (cause and effect), providing a
simulated environment in which the user can rehearse a
behaviour (virtual rehearsal), rewarding people in a virtual
world (virtual rewards), or using portable simulation
technologies (simulations in real-world contexts).

Thirdly, computers serve as social actors. People
sometimes respond to information technology as if it were a
living being. Systems persuade people by applying the same
persuasion principles that people have been using in
interpersonal persuasion. Computers can serve as social actor
by making technology visually attractive (attractiveness),
making technology similar to users in some way (similarity),
offering praise (praise), making technology to do “a favour”
to a user (reciprocity), or making technology assuming roles
of authority (authority).

Besides the functional triad, Fogg [2] has also defined a
set of principles that leverage social influence. These
principles base on the fact that people can achieve a greater
degree of attitude and behaviour change when they are
working together than working alone. Systems can leverage
social influence by providing methods to observe others, or
giving an impression that others are performing along with
you (social facilitation), providing information on how user’s
performance compares with the performance of others (social
comparison), providing methods to work as a group and feel
peer pressure (normative influence), or providing ways to
observe others performing a behaviour and being rewarded
for it (social learning).

C. Evaluation method

The framework utilized is rather a body of information about
persuasion than an explicit tool for analyzing the
persuasiveness of the solutions. Because of that, it was
necessary to create a checklist which creates a link between a
persuasion principle and a Web portal’s persuasive
characteristic. The checklist is presented in Table 1.
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Table 1: Checklist for recognizing the principles

Principle

Characteristic

Reduction

Tunneling
Tailoring
Suggestion

Self-Monitoring

Surveillance
Conditioning
Cause and effect
Virtual Rehearsal
Virtual Rewards
Simulations
Attractiveness
Similarity

Praise
Reciprocity

Authority

Social Facilitation

Social Comparison

Normative Influence

Social Learning

Competition,
cooperation and
recognition

Interactive tests

User’s actions have been made
easier by presenting a link to
related information

A possibility to challenge a friend
A competition which encourages
smokers to stop smoking at once
A link or information is presented
immediately after another related
operation

Tailored information

A link or information is presented
at the opportune moment
Technologies that give data about
user’s physical state

Diary

Interactive tests

It is possible to monitor the
behaviour of others

Rewards, such as sounds, visuals,
virtual or physical rewards

Cause and effect simulations
Interactive tests

A simulated environment for
rehearsal

Virtual rewards, such as a trophy
Portable simulations

Physically attractive characters
The system greets the user

The system uses the same kind of
language with the users

The portal offers praises
Receiving favours, such as audio
and video files

The portal adopts a social role of
some authority

Discussion forum

Awarded people are listed on the
Web page

Visitor counter

Discussion forum

Exchange of personal stories
Diary

Discussion forum

The Web portal offers a
possibility to challenge a friend
Reward (if other people are being
rewarded)

People are being awarded and
awarded people are listed on the
Web page

Reward
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III. RESULTS

A.  Persuasive characteristics of smoking cessation portals

Reduction was one of the most used principles in the tool-
category. C1, C2 and C4 offered an interactive test, which
made easier for the user to evaluate how addicted he or she is
on tobacco. In two portals (C2, C4) the user’s actions were
made easier by presenting a link to related information after
an interactive test. In one portal (C3) the quitting process was
made to look easier through a quitting competition in which a
user was encourages to quit smoking at one.

Tunneling was used in two portals in which a link or
information was presented immediately after another
operation (C2, C4).

Tailoring was applied only in one portal (C2) in which
the Web portal’s content was different for different user
groups (who are not going to quit smoking, who are going to
quit, who are already quitting and so forth).

Suggestion was used in two Web portals (C2, C4) by
offering a possibility to read about medication (C4) or ways
to quit (C2) immediately after the “how addicted you are”
test.

The Web portals did not take advantage of technologies
that would give data about user’s physical state, but
interactive tests offered ways for self-monitoring, such as the
test “how addicted you are” (C1, C2, C4).

Conditioning was used in one Web portal (C3) which
offered rewards to reinforce the successful behaviour.

It was not possible to monitor the behavior of others in
any portal so the principle of surveillance was missing.

Media principles were not used in the Web portals. There
were not cause and effect simulations, simulated environment
for rehearsal, virtual rewards or portable simulations.

Only one portal applied social actor principles by offering
an attractive Web portal for young people. In C2 the visual
look was attractive (attractiveness), the portal included music
files and digital photos which the user could download. After
these gifts it is assumed that the users will feel the need to
reciprocate (reciprocation). The language was designed to
appeal young people (similarity) and there was a humoristic
authority, a male called “Fressispentti” who answered
questions about smoking. Praise was not used in the
computer-human persuasion, but users praised each other in
discussion forums (computer-mediated persuasion).

Social facilitation was used in two portals (C1, C2) which
had discussion forums. Through these forums users were able
to discern that others were performing the new behavior along
with them. One portal (C3) published a list of awarded people
on their Web page and one portal had a visitor counter (C1),
which also gave users this feeling of “making things
together”.

The users were able to compare their behavior with others
(social comparison) through discussion forums (C1, C2),
reading personal stories of other quitters (C3), and reading
diary (C1).

The users were able to feel peer pressure (normative
influence) when they used discussion forums (C1, C2) or

when they were able to send a challenge to a friend (C4) or
when other people were rewarded (C3).

The Web portals used social learning when people were
rewarded of the behavior and awarded people were listed on
the Web page (C3).

One Web portal used competition (C3) for motivating
users by leveraging human beings’ natural drive to compete.

B.  Summary of the results

The summary of the results is gathered into Tables 2-4. It
seems that the social actor principles were applied to some
extent and the media principles were lacking, while the tool
principles and the principles of social influence were much
more widely utilized.

Table 2: Tool principles in the Web portals

Principle Cl C2 C3 C4
Reduction + ++ + ++
Tunneling + +
Tailoring +

Suggestion + +
Self-Monitoring  + + +
Surveillance

Conditioning +

Table 3: Social actor principles in the Web portals

Principle Cl C2 C3 C4
Attractiveness +

Similarity +

Praise

Reciprocity +

Authority +

Table 4: Social influence principles in the Web portals

Principle Cl C2 C3 C4
Social ++ + +
Facilitation

Social ++ + +
Comparison

Normative + + + +
Influence

Social Learning +
Competition, +
cooperation and

recognition

The surveillance principle from tool category was not
used in the smoking cessation Web portals. If people would
know that for example their employer is able to follow their
diary notes, they would act differently. They would either
reduce smoking or they would write faulty notes. Many
principles from tool category would be useful. For example,
the system could make suggestions at opportune moments,
e.g. when one wants a cigarette. This requirement leads to
another requirement: the persuasive system for smoking
cessation should operate in a mobile device that people
always carry with them in order for the system to persuade at
an opportune moment.

113



The 2nd International Symposium on Medical Information and Communication Technology (ISMICT’07)

The media principles were lacking from the Web portals.
This may originate from the fact that Web site designers do
not have knowledge of their usefulness and simulations may
sometimes be too heavy to be provided at a regular Web page.
Moreover Fogg has designed his framework for all kinds of
interactive computer systems, not just Web sites. The
principle of cause and effect could have been used during the
quitting process to illustrate the positive health consequences.
The Web portals did not offer virtual rehearsal. The system
could, for example, to apply virtual rehearsal by presenting
pictures of situations which user will encounter in real world
and the user could respond to them by choosing a proper
alternative. Users could be rewarded with virtual rewards for
their good performance. For example pictures, animations,
sounds or songs could be provided for the user as a reward.

Only one portal tried to persuade users through social
cues. This is surprising considering the fact that
attractiveness, similarity, reciprocity, and authority are well
known principles in advertising. Products are wrapped up in
attractive packages, children advertise toys and other children
products, people get free gifts from the manufactures and
people in white coats advertise natural products. The same
principles could be used also in virtual world.

The principles of social influence were applied quite
extensively in the smoking cessation Web portals. They
offered ways for the user to communicate with other users
through public diaries and discussion forums. People were
encouraged to quit smoking through rewards and social
learning, i.e. users were able to observe others performing the
behaviour and being rewarded for it. Interviews of awarded
people and pictures from the award ceremony were published
at the Web page.

We believe that principles of social influence will be the
most effective ways in changing users’ attitudes and behavior.
According to Maslow’s hierarchy of needs [I1], the
belonging needs are the most important for a human being
after the physiological and safety needs. It is motivating if
people can see with the help of the technology that others are
performing a behavior with them, they can compare their
performance with others and feel peer pressure. The Web
portal could offer possibilities to work as a virtual or physical
group. The diaries and discussion forums in the studied Web
portals do not tie the group together as much as they could
have and they do not offer ways to observe the performance
by others. It would be easy for a user to compare his/her
performance with others if the portal provided, for example,
graphs about smoked cigarettes per day or other measurable
or illustrative data. Besides material rewards, users should be
encouraged to tell others about the positive health
consequences.

C. Critique of the functional triad

As it was mentioned earlier, Fogg’s framework is rather a
body of information about persuasion than an explicitly
applicable tool for analyzing the persuasiveness of the Web
portals. To quote Fogg “Beyond the Web, persuasive
technology can take on many forms from mobile phones to
‘smart’ toothbrushes to the computerized trailers that sit by
the roadside and post the speed of passing cars in an attempt

to persuade drivers to abide by the speed limit” [2]. The
strength as well as the weakness of Fogg’s framework lies in
its generality. The principles proposed in the framework are a
resource for designers when it comes to fostering new ideas.
However, it does not describe how the principles can be
implemented; that is, how to transform them into software
requirements and functionalities. Conceptualization of how to
implement persuasive principles in SW applications is a
challenging task, as different environments have distinct
possibilities and limitations when it comes to persuasion. For
example, simulations may function better in desktop
applications than in mobile applications.

The views on persuasive technology functioning as a tool,
a media or a social actor are problematic in many ways. First,
this categorization did not appear to be very useful in the
analysis aiming at evaluating the persuasiveness of the Web
portals.  According to Fogg [2] the categorization is
important, because persuasion strategies will differ depending
on whether a computing technology is functioning as a tool, a
media or a social actor. However, this study showed that
when a principle is transformed into a persuasive
characteristic of an application, this one characteristic may
apply persuasion principles from all of the categories: the
tool, the media and the social actor.

Second, the suggested principles within the tool, the
media and the social actor categories are not at an equal level
of abstraction. In practice, principles falling under the tool
category refer to the structure and features of the system (for
example tunneling; what is the sequence in which the
information is presented), the principles in the media category
refer to the content (for example in the form of a simulation
demonstrating the cause and the effect), and the social actor
principles refer to the social cues that the system imposes (for
example praise: the system praises the user). It is arguable
that some kind of categorization is needed, but in our opinion
it should be based on something other than the different roles
that computers play.

Third, the media category is quite limited while it focuses
on simulations. Either the name of the category should be
changed so that it would better describe its content or the
organization of the principles should be reconsidered and
simulation principles should be moved to another category.
The principles themselves are interesting. For example,
virtual rehearsal has been found useful in driving schools and
suchlike. Also Atkinson [10] criticizes the functional triad on
the naming of the media category because generally ‘media or
medium’ is defined as ‘the means by which something is
communicated’.

Fourth and last, there is some overlap between the
principles. For example rewards are mentioned as a positive
reinforcement mechanism when referring to the conditioning
principle from the tool category and rewarding people in a
virtual world is in line with the principle of virtual rewards
from the media category. Some may also see praise from the
social actor category as a mechanism for rewarding the
targeted behavior. There appears to be a need for reorganizing
and renaming the principles with respect to understanding
their application in practice.

1/4
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The functional triad is based on persuasion theories that
focus on communication between people. For example
Cialdini [8] has mentioned principles such as reciprocation,
social proof, liking, and authority which are comparable with
Fogg’s reciprocity, normative influence, attractiveness, and
authority. There are a number persuasion theories in social
psychology and it is very difficult to take all of them into
account. However, there are some highly potential theories
that could be applied to persuasive technology. Such include
theories of commitment and cognitive consistency (see, €.g.
[8]). Commitment theory implies that when people take a
certain stand or a position they tend to agree on requests that
are in line with their prior commitment. Theory on cognitive
consistency proposes that people like their views about the
world to be organized and consistent. People are disturbed by
psychological inconsistency and they feel obligated to
reorganize their thinking and restore consistency. Persuasive
systems could apply these principles by offering users ways
to commit, such as joining a smoking cessation group, or by
offering ways to recognize the inconsistencies in their
thinking and decision paths or mental models that may lead to
a favorable change in attitude.

The generality of the functional triad, inconsistencies and
overlapping of the tool, the media and the social actor
categories and the existence of unattended persuasion theories
imply that there is a need for further research and
improvements of the functional triad.

IV. CONCLUSION

The evaluation of the persuasiveness of Finnish smoking
cessation Web sites was a qualitative study, based upon the
first presented conceptual framework for persuasive
technology. Deficiencies in the framework may have
influenced on the results. Some of the principles were more
precise than others and they were easier to recognize than
those which blend with the underlying characteristics of the
information system.

The evaluation showed that the Finnish language
smoking cessation Web portals are not very persuasive. At
least they take little advantage of the persuasion principles
mentioned in the functional triad.

The functional triad presents key persuasion principles
well and the principles proposed in the framework are a
resource for designers when it comes to fostering new ideas.
However, deeper understanding is still needed, because the
functional triad is quite general, it has inconsistencies and
overlaps between different categories and there may be need
to expand its theoretical background. Also the evaluation of
the persuasiveness of software and information systems is
problematic without a proper method.

It has to be recognized that ethical questions are always
present when designing persuasive systems. These systems
may have a very high impact on people because of their
interactivity and other engaging characteristics.

One key factor in persuasion is to present the right
information at the right moment. The ongoing research shows
that the future persuasive systems will concentrate on health
issues and they will consist of a mobile application and

wearable technologies for measuring and monitoring. For
example Toscos et al. [12] presented a mobile application and
a pedometer for motivating teenage girls to exercise and Silva
et al. [13] presented a mobile application with a heart rate
monitor to help people with their nutrition and exercise
issues.
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Harri Oinas-Kukkonen and Marja Harjumaa

Abstract—A growing number of information technology
systems and services are being developed for persuasive
purposes, i.e. to change users’ attitudes or behaviour or both.
Despite the fact that attitudinal theories from social psychology
have been quite extensively applied to the study of user intentions
and behaviour, computer scientists and user interface designers
are not very familiar with the theories related to attitude change.
Moreover, these theories are not directly applicable for
developing software and information systems. This paper builds
upon the attitude change theories from social psychology
recognising di and approaches that help move towards a
practical conceptual framework for understanding and designing
persuasion in information systems.

Index Terms—Computer-human interaction, human factors,
persuasive technology, social factors, systems design.

1. INTRODUCTION

T HERE has been great interest recently in studying how
information technology influences people’s attitudes and
motivates behaviour change. Tam and Ho [1], for instance,
studied the effects of Web personalization strategies on the
users’ attitude changes, Marcus and Chen [2] presented a
mobile application which delivers periodic reminders to
mobile phone users to encourage them to keep in touch with
their friends, Tester et al. [3] presented an in-car entertainment
system which motivated the driver to listen to the news by
asking questions and giving rewards for correct answers, and
Cheng and Vassileva [4] discussed the motivation of active
system use by means of higher service quality.

The study of users’ attitudes and behaviour has a long
history in information system (IS) research. Theories from
social psychology have been widely used for predicting user
intentions and behaviour [5], including the Theory of
Reasoned Action (TRA) proposed by Ajzen and Fishbein [29],
the Theory of Planned Behaviour (TPB) put forward by Ajzen
[30], and Social Cognitive Theory and Self-efficacy Theory as
introduced by Bandura [31] [32]. A well-known derivative of
the TRA is the Technology Acceptance Model (TAM)
proposed by Davis [17]. Beside these attitude and behaviour
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change theories there are also other useful theories in social
psychology, like the Elaboration Likelihood Model (ELM) of
Petty and Cacioppo [6]. It is a processing model for attitude
change and it has been used in IS research, e.g., to explain
why users sometimes agree with incorrect advice given by an
expert system [7] and to study the effects of Web
personalization [1]. These attitude change theories are not very
well known in IS research, however.

A key element in attitude change is persuasion which is an
attempt to change attitudes or behaviours or both (without
using coercion or deception) [8]. Persuasion has traditionally
been regarded as a communication process in which a
persuader sends a persuasive message to a persuadee or
audience with the intention of changing the recipient’s
attitudes or behaviour, although always leaving the persuadee
with the power of decision [9]. The most intensively studied
aspects of traditional persuasion have been the source,
message and receiver features that are likely to bring about
such a change in the receiver’s attitudes.

Interactive information technology designed for changing
users’ attitudes or behaviour is called persuasive technology
[8]. Traditionally persuasion has meant human
communication designed to influence the autonomous
judgements and actions of others” [9]. In his seminal book,
Fogg [8] argues that besides human communication, human-
computer interaction can also be persuasive. The Web,
Internet and mobile technologies create opportunities for
persuasive interaction, because users can be reached easily. In
addition, the Web and other Internet-based systems are
optimal for persuasive communication, because they combine
the positive attributes of interpersonal and mass
communication [10]. There are certain areas where persuasive
systems could be especially useful. For example in health care
ubiquitous computing and context-aware algorithms may be
used to develop electronic devices that motivate people
towards healthy behaviour, and thereby delay or even prevent
medical problems and ease the economic situation in public
health care [11]. Moreover, persuasive systems can motivate
users and help them to achieve their goals better. According to
Fogg [8], persuasive systems may also be used in welfare,
commerce, education, safety, environmental preservation,
occupational effectiveness, among other fields.

To put it simply, information technology always influences
people’s attitudes and behaviour in one way or another.
Whereas ~attitudinal persuasion theories from social
psychology have been applied to information systems research
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quite extensively, the theories of attitude change are not that
well known. Section 2 will discuss the attitude change
theories. Section 3 will build upon these theories recognising
dimensions and approaches for developing a practical
conceptual framework for understanding and designing
persuasion in information systems.

II. BACKGROUND

Attitude has been described as the single most important
concept in social psychology [12], and as one of the
fundamental concepts of persuasion. Attitude is a general
opinion that people hold with regard to themselves, other
people, objects and issues [6]. Simons et al. [9] define: “An
attitude is a judgment that a given thing is good or bad,
desirable or undesirable, or something to be embraced or
avoided. The ‘thing’ may be literally anything: a person, an
event, an idea, a proposal for action, or an action itself.
Attitudes predispose us to act in one way rather than another.”

Interest in research into attitudes gained momentum in the
U.S. in the 1930°’s [13], partly because commercial public
opinion poll organizations were interested in describing
attitudes through large-scale surveys, while at the same time
academic researchers felt that it was their responsibility to
analyse and explain attitudes. Prior to the 1970’s studies on
the relationship between attitudes and behaviour produced
controversial results — some suggesting that attitudes predict
behaviour and others that they do not. Finally, by the late
1970’s, Ajzen and Fishbein, among some others, had specified
conditions under which attitudes would or would not predict
behaviour [6]. They introduced the Theory of Reasoned
Action, which aims at explaining volitional behaviour, and
suggests that the strongest predictor of behaviour is one’s
intention towards it [15]. According to Fishbein [16],
intentions are a function of attitudes towards modes of
behaviour and subjective norms. Thus, the theory suggests that
a person’s attitudes towards behaviour and subjective norms
indicate how that person will act in a situation [9]. TRA is
widely used in information systems research for predicting
user intentions and user behaviour, and Davis [17] has
employed it to create a model of individual human acceptance
of technology, known as TAM.

As persuasion tries to alter the way others think, feel, or act,
it is a form of attempted influence. There are also other forms
of attempted influence, however, like material inducements
and coercion, which differ from persuasion. Material
inducements are exchanges of money or other such things for
actions by the person being influenced [9], whereas coercion
implies force and economic sanctions, whereas persuasion
relies on the power of verbal and non-verbal symbols and
allows people voluntary participation in the persuasion process
[8, 10, 12]. For instance, Pop-up windows that always lead to
the same outcome (e.g. downloading a file) whether you
choose “ok” or “cancel” can be considered coercive rather
than persuasive.

Three different types of persuasion exists: interpersonal
persuasion, computer-mediated persuasion and human-
computer persuasion [28]. Interpersonal persuasion occurs
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when two or more people interact with each other, involving
e.g. verbal and non-verbal behaviour, feedback, and coherence
of behaviour. Computer-mediated persuasion means people
persuading others through computer-mediated communication,
e.g. e-mail, instant messages, or blogs. Human-computer
persuasion is the study of how people are persuaded when
interacting with computer technology [8][22]. It differs from
other persuasion types in that it is not always clear who is the
persuader. As computers do not have intentions of their own,
those who create, distribute, or adopt the technology have the
intention to affect someone’s attitudes or behaviour [8][22].
Although computers cannot communicate in the same way as
humans, recent studies suggest that some patterns of
interaction similar to social communication are possible in
human-computer interaction [20], [21]. For example, the
interaction between a personalized Web agent and a user can
be considered persuasive communication [1]. However, as
persuasive technology products are purposely designed in
order to persuade [8][22], the use of e-mail and instant
messages, which may well be involved in computer-mediated
persuasion, is not part of human-computer persuasion.

Like earlier was mentioned, there are several approaches to
attitude and behavior change. Some theories try to explain the
relationship between attitudes and behavior, other theories
explain the persuasion process more generally and some
theories are concentrated on a narrower area of persuasion. All
these theories have their own starting points and restrictions,
and they often rely on earlier theories of human behavior and
attitude change. See Table 1.

TABLE 1.
KEY APPROACHES TO HUMAN-COMPUTER PERSUASION.

References Approach Key idea

McGuire Information | The persuasive impact of messages

[23] processing is multiplicative product of six
theory information processing steps.

Fraseretal. | Cognitive If attitudes and behavior are not

[13] consistency | consistent, people change their
theory attitudes or behavior to achieve

cognitive consistency.

Petty and Elaboration | Person’s motivation and ability

Cacioppo Likelihood decide whether (s)he will be

[6] Model persuaded through central route

(rely on arguments) or through
peripheral route (rely on cues). The
ELM has integrated many
persuasion theories.

Cialdini Influence Individuals respond automatically

[25] techniques to one piece of information instead
approach of reacting controlled and on the

basis of thorough analysis of all
the information.

Simons et Coactive The approach aims at helping

al. [9] approach to | bridge differences by reducing
persuasion psychological distances to secure

preferred outcomes.

Fogg [8] Persuasive The approach aims at showing how
technology | people are persuaded when
framework interacting with computer

technology.
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The key approaches for our human-computer persuasion
research are information processing theory, consistency
theory, the Elaboration Likelihood Model, the influence
techniques suggested by Cialdini, the coactive approach, as
well as Fogg’s Persuasive technology framework.

McGuire’s information processing theory reminds us that
the attitude change process involves a number of components.
Communication process involves five classes of variables:
source, message, channel, receiver, and destination. In
addition, there are six steps that a person must go through
when being persuaded: 1) information presentation, 2)
attention, 3) comprehension of the arguments, 4) yielding to
the position presented, 5) retention for some time, and 6)
action in compliance with the new position. From these steps
we can see that this theory suggests that attitudes must be
changed before the behavior can change. The theory treats the
persuadee as an information processor, and the basic idea is
that to be persuaded, a person has both to receive and
understand the message and to accept or yield to it. [23] Thus,
McGuire’s information processing theory relies more on
convincing receiver with understandable information rather
than appealing his emotions.

The key idea of cognitive consistency is that people like
their views about the world to be organized and consistent,
whereas psychological inconsistency disturbs people and they
feel obliged to reorganize their thinking and restore
consistency [9], [13]. This theory suggest that it is plausible
that people first do something (behave in some way) before
they change their attitude changes. [13] People can achieve
consistency for example through denial or ignoring,
rationalization and  excuses, separation of items,
transcendence, changing item or persuasion.

Elaboration Likelihood Model [6] is a general theory of
attitude change, in which the fundamental idea is that there are
two routes to persuasion, a central and a peripheral route. An
individual who carefully evaluates the content of the
persuasive message may be persuaded by the central route,
whereas an individual who is less thoughtful and uses a simple
cue (e.g. the source or length of the message) or a rule of
thumb (e.g. “more is better”, “experts can be trusted”,
“consensus implies correctness”) for evaluating the
information may be persuaded through the peripheral route.

Cialdini [25] studied influence as a process of compliance,
maintaining a narrow view to humans in which people need a
trigger for their behaviour. They may respond in either an
automatic or a controlled way to these triggers (either
mechanically or based on a thorough analysis of all the
information). Cialdini [25] has identified six explicit influence
techniques that explain people’s tendencies to comply with a
request: reciprocation, commitment and consistency, social
proof, liking, authority and scarcity.

Simons et al. [9] state that “persuasion is a process of
bridging differences — reducing psychological distances — to
secure preferred outcomes”. One way to do this is coactive
persuasion, which is an umbrella term for the ways that
persuaders might move toward persuadees psychologically.
Simon’s conception of it is adapted from Aristotle’s and others
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rhetoricians’ thinking. Postulates of coactive persuasion are as
follows [9]:

--It is receiver-oriented, taking place largely, although not
entirely, on the message recipient’s terms

--It iis situation sensitive, recognizing that receivers (e.g.
audiences, persuadees) respond differently to persuasive
messages in different situations

--It combines images of similarity between persuader and
persuadee whereas promoting images of the persuader’s
unique expertise and trustworthiness

--It addresses controversial matters by appeals to premises
the audience can accept

--It moves audiences from premises to desired actions or
conclusions by both appearing reasonable and providing
psychological income

--It makes full
communication.

Like the first postulate says, coactive approach is receiver-
oriented approach to persuasion rather than source-oriented.
Understanding the coactive approach and the difference
between source- and receiver-oriented approaches to
persuasion is useful, because they bring the persuader
psychologically closer to the persuadee.

use of the resources of human

III. KEY DIMENSIONS

This section aims at recognising dimensions and approaches
for developing a practical conceptual framework for
understanding and designing persuasion in information
systems. It will define what a persuasive system is, discuss
succesful outcomes of persuasion, describe the ideas of human
information processing and cognitive consistency, discuss
persuasive strategies and techniques, as well as the bridging of
differences to secure preferred outcomes.

We define a persuasive system as a computerized sofiware
or information system designed to reinforce, change or shape
attitudes or behaviours or both without using coercion or
deception.

Three potential, succesful outcomes for a persuasive system
are reinforcement, change or the shaping of attitudes and/or
behaviours [12] (see Figure 1):

1. A reinforcing outcome means the reinforcement of
current attitudes, making them more resistant to
change.

2. A changing outcome means changes in a person’s
response to an issue, e.g. to social questions.

3. A shaping outcome means the formulation of a
pattern for a situation when such one does not exist
on beforehand.

Persuasion means ideally that individuals are induced to
abandon one set of behaviors and to adopt another [12].
However, in many cases a shaping outcome may have a higher
likelihood of success than communication that aims at
behaviour change. It may happen with people who have
limited prior learning histories or in situations where radically
new and novel stimuli have been introduced into the
environment. In any case, reinforced beliefs and forms of
behaviour become the most resistant ones as time goes by.
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2. Response-Reinforcing
= making existing attitudes
more resistant to change

3. Response-Changing
=replacing attitudes
with others

#

Fig. 1. Three potential, succesful outcomes for a persuasive system.

2

< —

1. Response-Shaping
= attitude formation

Different goals may imply the use of differing persuasion
strategies and techniques.

A. Information processing

Understanding a persuasive system requires a thorough
analysis of the persuadee, message, channel, and context [6].
See Figure 2 (based on McGuire [23]).

Basically, a persuadee is a human information processor
[23]. This information processing view emphasizes the role of
attention and comprehension in the persuasion process. In
order for a person to be persuaded information must be
presented. Then the persuadee must to pay attention to the
argument(s) presented, and comprehend it. After this the
persuadee often yields to the position presented, and retents (at
least for some time), but a succesful persuasion the persuadee
takes action to comply with the new position [23]. Persuasion
in full occurs only when attitude change takes place.

Information

processing

[Dependent variables

that can be expected

to change] -

- =

1. Presentation Receiver Source
Message

2. Attention Independent

variables that can
be manipulated

SN

3. Comprehension

4. Yielding

5. Retention

6. Behavior

Fig. 2. Basic elements of persuasion.

In a persuasion situation the persuadee is ideally supposed
to make optimal compromises among conflicting forces [23].
This principle has been criticized by Cialdini et al. [24],
because it emphasises the rational processing of arguments.
Nevertheless, this is a relatively large part of the whole
picture. Since persuasion is defined as changing the attitudes
and/or behaviour of others, the persuader is often trying to
convince the persuadee of something. Drawing the line
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between convincing and persuasion is difficult. “Persuasion
relies primarily on symbolic strategies that trigger the
emotions of intended persuadees, whereas conviction is
accomplished primarily by using strategies rooted in logical
proof and that appeal to persuadees’ reason and intelligence”
[12].

B. Cognitive consistency

Cognitive consistency means that people like their views
about the world to be organized and consistent." For example,
if you have two friends that you like, you expect them to like
each other [13]. Cognitive consistency is important, because
inconsistency creates motivation for attitude change [9].
Psychological inconsistency disturbs people and they feel
obliged to reorganize their thinking and restore consistency.
Inconsistency may exist between attitudes and behaviour,
attitudes towards other people, attitudes towards objects and
other people’s attitudes towards the same objects. Some kind
of inconsistency must be represented and brought to the
attention of the receiver. If a person finds the inconsistency
unpleasant, he/she will accept personal responsibility for it,
and then cognitive dissonance will occur. The dissonance has
to be powerful enough, however, to motivate the person to
engage in an attitude or behaviour change in order to restoring
cognitive consistency. [13]

The idea of cognitive consistency is not free from criticism.
Philosophically, people are not fully consistent in their actions
but have to deal with minor inconsistencies every day. People
also have to feel commitment before inconsistency creates
dissonance. For example, if one feels that (s)he could reverse a
decision at any time, (s)he is unlikely to experience
dissonance. Also, if one believes that (s)he had no other
choice but to behave inconsistently, (s)he can live with it.

The cognitive consistency approach differs from
information processing approach by emphasizing that if
people first change their behaviour, e.g. through legal
constraints, their attitudes will change later, whereas the latter
states that people first change their attitudes in order to
produce a change in behaviour.

C. Persuasion strategies

There are two strategies for persuasion, a direct and an
indirect route [6, 14]. An individual who carefully evaluates
the content of the persuasive message may be persuaded by
the direct route, whereas an individual who is less thoughtful
and uses a simple cue (e.g. the source or length of the
message) or a rule of thumb (e.g. “more is better”, “experts
can be trusted’, “consensus implies correctness”) for
evaluating the information may be persuaded through the
indirect route. Direct and indirect processes may act
simultaneously.

Persuasion through the direct route has turned out to be the
more enduring of the two [6, 14]. However, as the information
availability has increased through information digitalization in
the Web era, people often have difficulties in sense-making

1 The idea of consistency is recognized in many theories/models, e.g.
congruity, balance, consonance, or dissonance theories [13].
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and decision-making. They are not able to easily process
information through the diret route all the time, so they often
use indirect heuristics to enable easier decision-making [9].
Indirect persuasion techniques are derived from experience
and have some empirical validity [14]. These may also be
called cognitive shorthands, rules of thumb, or, to put it
simply, shortcuts. They are often socially shared, but they are
still only available if there is a stored heuristic representation
in the person’s memory [14].

In the 1980°s Petty and Cacioppo presented their
Elaboration Likelihood Model (ELM) which integrated the
literature on source, message, receiver, and context effects in
persuasion. ELM is a general theory of attitude change and it
“...provides a fairly comprehensive framework for organizing,
categorizing, and understanding the basic processes
underlying the effectiveness of persuasive communications”
[6]. The model is developed for persuasive communications,
but Petty and Cacioppo emphasize that the basic principles of
the ELM may be applied to other attitude change situations.
The term “elaboration” means the extent how well a person
scrutinizes the persuasive message and its arguments and “the
likelihood of elaboration will be determined by a person’s
motivation and ability to evaluate the communication
presented.” [6] “In the ELM, arguments are viewed as bits of
information contained in a communication that are relevant to
a person’s subjective determination of the true merits of an
advocated position”. [6]

The direct and indirect routes of persuasion relate to this.
Petty and Cacioppo’s studies on attitude persistence suggest
that if a person is motivated to carefully and thoughtfully
consider the true merits of the information presented in
support of an advocacy and (s)he has the ability to process, the
elaboration likelihood is high [6]. Attitude change will be
relatively enduring and resistant, and it will predict behavior.
Attitude change may be either positive or negative. If
favorable thoughts predominate during information
processing, attitude change will be positive and unfavorable
thoughts lead to negative attitude change. If thoughts are
neutral during information processing, person relies on
peripheral cues. That is the case also if the person does not
have the motivation or ability to process the information.

Indirect persuasion is more likely to occur as a result of a
simple cue in the persuasion context (e.g. attractive source)
that induces change without necessitating scrutiny of the direct
merits of the issue-relevant information presented [6]. If there
are indirect cues present, attitudes may change, but the change
will probably be temporary and not necessarily predictive of
behavior. Indirect is here not synonymous with “automatic”.
‘When the elaboration likelihood is low, individuals will not
utilize as much cognitive resources than when elaboration
likelihood is high. This means that people often evaluate the
message by relating incoming information to their prior
knowledge through positive or negative cues. [6] Cognitive
shorthands, triggers, are needed when people do not have
time, ability or motivation to evaluate the arguments.

In the era of information overflow people are often forced
to use indirect cues more often than before, because of the
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abundance of information to be handled. When an individual
sees relevant cues, heuristics are triggered. They may also be
called cognitive shorthands, rules of thumb, or shortcuts.
Heuristics are normally derived from experience and may
have some empirical validity. Often heuristics are socially
shared, but still a heuristic is available only if there is a stored
heuristic representation in one’s memory [14].

Another model that separates direct and indirect persuasion
is known as the Heuristic Systematic Model (HSM) [14]. As a
process-oriented model this is conceptually similar to ELM. In
HSM the direct route is called a systematic route and the
indirect route a heuristic route. The difference between our
approach and ELM concerns the simultaneity of the direct and
indirect processes, in that the direct process in the ELM
excludes the indirect process, whereas in our approach direct
and indirect processes can act simultaneously, in a similar
manner to HSM [14].

D. Persuasion techniques

Direct persuasion puts emphasis on argumentation,
consistency, and credibility, whereas indirect persuasion
means using simple cues (or stereotypes), like
“expensive=good” or “rare=valuable”, to classify things based
upon a few key features, after which they respond without or
with little thinking. These techniques are said to be among
society’s unavoidable and most powerful cognitive shorthands
[9]. Both indirect and direct persuasion may be supported
through numerous persuasion techniques. Cialdini [25] lists
reciprocation, commitment and consistency, liking, authority,
social proof, and scarcity among key techniques.

Reciprocation means that people feel obliged to repay what
others have given, such as gifts or invitations (or basically
anything). The rule is so widespread that sociologists have
reported that all human societies subscribe to it. Commitment
and consistency means that people have a desire to be
consistent with all the things they have done before. After
making a choice people feel pressure to behave consistency
with that commitment. [25] Quite interestingly, Guégen tested
the “foot-in-the-door” commitment and consistency-based
ploy by making a smaller request first, concerning how to save
a document in rich text file format, and following it with a
bigger request, to fill in a 40-item survey. 76% of the
participants who complied with the first request also complied
with the second, as compared with 44% in the control group
[27]. Liking means that people feel pressured to say yes to
someone they like, e.g. good-looking people succeed better in
social relationships. This is because if a person has some good
quality, such as good looks, other good qualities are
automatically attached to him/her. Authority means that people
feel obliged to do what is suggested by an authorized person.
These tactics are often used in advertising, using a celebrity to
promote make-up or a doctor to promote drugs [25]. For
instance, people are more likely to answer an online survey if
the request is presented by a professor than by a college
student [26]. Social proof means that people often decide what
is correct by finding out what other people think about it.
Correctness is often determined by how other people perform
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in a situation. Scarcity means that things seem more appealing
if they are less available. This “limited number” ploy is widely
used in business, and the “deadline” approach in which
customers are pressured to make an immediate decision to buy
is one variation of it, for instance [25].

Cialdini [25] acknowledges that even the best indirect
persuasion techniques do not work every time, and in that case
we probably accept the situation because we do not have any
choice. Fogg [8] categorizes these kinds of techniques into
three categories, which he calls tool, media, and social actor.

E. Getting closer to the persuadee

Metaphorically persuasion is as a process of bridging
differences or reducing psychological distances to secure
preferred outcomes [9]. According to Simons et al. [9]
receiver-oriented, rather than source-oriented, postulates
regarding this kind of (coactive) persuasion are: (a) It is
receiver-oriented, taking place largely, although not entirely,
on the message recipient’s terms. (b) It is situation-sensitive,
recognizing that receivers (e.g. audiences, persuadees) respond
differently to persuasive messages in different situations. (c).
It evokes images of similarity between the persuader and
persuadee, while promoting images of the persuader’s unique
expertise and trustworthiness. (d) It addresses controversial
matters by appealing to premises that the audience can accept.
(e) It moves audiences from premises to desired actions or
conclusions by both appearing reasonable and providing
psychological income. (f) It makes full use of the resources of
human communication.

IV. CONCLUSION

This paper has discussed key issues for information system
persuasiveness. The analysis and enhancement of existing
systems and designing of new systems seems very promising
from this basis. In the future work, a more rigorous conceptual
framework as well as experimentations will be needed.
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Abstract:

A growing number of information technology systems and services are being developed to change users’ attitudes
or behavior or both. Despite the fact that attitudinal theories from social psychology have been quite extensively
applied to the study of user intentions and behavior, these theories have been developed for predicting user
acceptance of the information technology rather than for providing systematic analysis and design methods for
developing persuasive software solutions. This article is conceptual and theory-creating by its nature, suggesting a
framework for Persuasive Systems Design (PSD). It discusses the process of designing and evaluating persuasive
systems and describes what kind of content and software functionality may be found in the final product. It also
highlights seven underlying postulates behind persuasive systems and ways to analyze the persuasion context (the
intent, the event, and the strategy). The article further lists 28 design principles for persuasive system content and
functionality, describing example software requirements and implementations. Some of the design principles are
novel. Moreover, a new categorization of these principles is proposed, consisting of the primary task, dialogue,
system credibility, and social support categories.

Keywords: socio-technical system, behavioral outcomes, system features, development approach, conceptual
research, persuasive technology

Volume 24 Article 28. po. 485-500. March 2009

This manuscript was submitted on 9/22/2008 and has been with the authors for 2 months for 1 revision.

Volume 24 n ] Article 28

2



Communications of the Association for Information Systems

486

Persuasive Systems Design: Key Issues, Process Model, and System Features

I. INTRODUCTION

Interactive information technology designed for changing users’ attitudes or behavior is known as persuasive
technology [Fogg 2003]. Traditionally, persuasion has meant “human communication designed to influence the
autonomous judgments and actions of others” [Simons et al. 2001]. The Web, Internet, mobile, and other ambient
technologies create opportunities for persuasive interaction, because users can be reached easily. In addition, the
Web and other Internet-based systems are optimal for persuasive communication, because they are able to
combine the positive attributes of interpersonal and mass communication [Cassell et al. 1998]. There are certain
areas where persuasive technology could be especially useful. For example, healthcare software applications may
be developed to motivate people toward healthy behavior, and thereby possibly delay or even prevent medical
problems as well as ease the economic situation in public healthcare [Intille 2003; Kraft et al. 2009].

Persuasive systems may be defined as “computerized software or information systems designed to reinforce,
change or shape attitudes or behaviors or both without using coercion or deception” [Oinas-Kukkonen and Harjumaa
2008]. In this definition, there are three potential successful outcomes for a persuasive system: the voluntary
reinforcement, change or shaping of attitudes and/or behaviors. A reinforcing outcome means the reinforcement of
current attitudes or behaviors, making them more resistant to change. A changing outcome means changes in a
person’s response to an issue, e.g. to social questions. A shaping outcome means the formulation of a pattern for a
situation when one does not exist beforehand. In many cases, communication that results in a shaping outcome may
have a higher likelihood of success than communication that aims at a changing outcome [Lerbinger 1972].
Moreover, different goals may imply the use of differing persuasion strategies and techniques.

Persuasive systems may utilize either computer-human persuasion or computer-mediated persuasion [Oinas-
Kukkonen and Harjumaa 2008]. Admittedly, the concept of a persuader is relatively complex with computer-human
persuasion. As computers do not have intentions of their own, those who create, distribute, or adopt the technology
are the ones who have the intention to affect one’s attitudes or behavior [Fogg 1998]. Although computers cannot
communicate in the same way as humans, there are studies that suggest that computer-human persuasion may
utilize some patterns of interaction similar to social communication [Nass et al. 1994; Fogg and Nass 1997], whereas
computer-mediated persuasion means that people are persuading others through computers, e.g. discussion
forums, e-mail, instant messages, blogs, or social network systems.

Despite the fact that attitudinal theories from social psychology have been quite extensively applied to the study of
user intentions and behavior, these theories have been developed for predicting user acceptance of the information
technology rather than for providing systematic analysis and design methods to develop persuasive software
solutions. The widely utilized framework developed by Fogg [2003] provides a useful means for understanding
persuasive technology. However, it seems to be too limited to be applied directly to persuasive system development
and/or evaluation [Harjumaa and Oinas-Kukkonen 2007]. This article, in spite of being conceptual and theory-
creating by its nature, aims at discussing the process of developing and evaluating persuasive systems as well as
describing what kind of content and software functionality may be found at the final product. The framework
suggested in this article, the Persuasive Systems Design (PSD) model, is based upon our empirical work and
conceptual analysis as well as other research.

The development of persuasive systems consists of three steps. See Figure 1 for an illustration of the development
process. First, it is crucial to understand the fundamental issues behind persuasive systems before implementing the
system. Only after obtaining a reasonable level of this understanding can the system be analyzed and designed. At
the second phase, the context for persuasive systems needs to be analyzed, recognizing the intent, event, and
strategies for the use of a persuasive system. Finally, actual system qualities for a new information system may be
designed or the features of an existing system may be evaluated.

These steps provide the structure for this article. Section Il will define the underlying assumptions behind persuasive
systems. Section Il will discuss how the persuasion context may be analyzed. Section IV will define and describe
various techniques for designing the content and functionality of a persuasive system. Section V will provide an
example of how to use the framework. Section VI will provide the conclusions of the article.
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Figure 1. Phases in Persuasive Systems Development

Il. KEY ISSUES BEHIND PERSUASIVE SYSTEMS

Based upon our empirical work and conceptual analysis, as well as other research, we define seven postulates that
need to be addressed when designing or evaluating persuasive systems. Two of these postulates relate to how we
see the users in general, two of the postulates relate to persuasion strategies, and three of the postulates address
actual system features. See Table 1 for a summary of the postulates.

Table 1. Postulates behind Persuasive Systems

Information technology is never neutral.

People like their views about the world to be organized and consistent.
Direct and indirect routes are key persuasion strategies.

Persuasion is often incremental.

Persuasion through persuasive systems should always be open.
Persuasive systems should aim at unobtrusiveness.

Persuasive systems should aim at being both useful and easy to use.

N ORI~

Our first postulate is that information technology is never neutral. Rather it is “always on,* influencing people’s
attitudes and behavior in one way or another. Moreover, people are constantly being persuaded in a manner similar
to how teachers persuade students in schools, and there is nothing bad in it in itself. This also means that
persuasion may be considered as a process rather than as a single act. Persuading a user is a multi-phased and
complex task, and different factors, such as the user’'s goal, may change during the process. For instance, in the
beginning of using a pedometer, a user might simply be interested in the number of steps taken but after using the
device for a while (s)he may become more interested in burning calories. Persuasive systems should be able to
adapt to these kinds of changes.

The second postulate is that people like their views about the world to be organized and consistent. This is based on
the idea of commitment and cognitive consistency [Cialdini et al. 1981]. If systems support the making of
commitments, users will more likely be persuaded. For example, a user may express greater confidence in his or her
decision to exercise regularly after having bought a gym membership card. The idea of commitment also implies that
persuasive systems could provide means to make private or public commitments to performing the target behavior.
This can be implemented, for example, by offering an easy way to send a text message or email to one’s relatives,
friends, or colleagues.

Cognitive consistency becomes important, because inconsistency may motivate attitude change [Simons et al.
2001]. Psychological inconsistency disturbs people, and they easily want to reorganize their thinking and restore
consistency, perhaps even feel obliged to do so. Inconsistency may exist between attitudes and behavior, attitudes
toward other people, attitudes toward objects and other people’s attitudes toward the same objects [Simons et al.
2001]. The inconsistency must be represented and brought to the attention of the receiver. If a person finds the
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inconsistency unpleasant, (s)he will accept personal responsibility for it, and then cognitive dissonance will occur.
The dissonance has to be powerful enough, however, to motivate the person to engage in an attitude or behavior
change in order to restore cognitive consistency [Fraser et al. 2001]. The idea of cognitive consistency, admittedly, is
subject to criticism. Philosophically, people are not fully consistent in their actions and have to deal with minor
inconsistencies every day. People also have to feel commitment before inconsistency creates dissonance. For
example, if one feels that (s)he could reverse a decision at any time, (s)he is unlikely to experience dissonance.
Furthermore, in many cases, if one believes that (s)he has no other choice but to behave inconsistently, (s)he may
live with the dissonance. Still, the idea of cognitive consistency can be used in persuasive designs in many ways, for
example by offering information to a user that is inconsistent with his or her thinking. Should the behavior change, it
will cause an inconsistency between one’s attitudes and one’s behavior and after a while (s)he may change his or
her attitudes to better correspond with the behavior.

The third postulate states that direct and indirect routes are key persuasion strategies [Oinas-Kukkonen and
Harjumaa 2008]. An individual who carefully evaluates the content of the persuasive message may be approached
by the direct route, whereas an individual who is less thoughtful and uses simple cues or stereotypes for evaluating
the information may be persuaded through the indirect route. Direct and indirect processes may act simultaneously,
and both strategies may be supported through numerous software system features. Direct persuasion has turned
out to be the more enduring of the two [McGuire 1973; Petty and Cacioppo 1986]. However, in the era of information
overflow, people are often forced to use indirect cues more often than before, because of the abundance of
information to be handled. When an individual sees relevant cues, heuristics are triggered. These may also be called
cognitive shorthands, shortcuts, or rules of thumb. Heuristics are normally derived from experience and may have
some empirical validity. Heuristics are often socially shared, but in practice a heuristic is available only if there is a
stored representation of it in one’s memory [Todorov et al. 2002]. This postulate implies that a user’s personal
background and the use situation have an influence on his or her information processing. When the user has a high
motivation and a high ability, (s)he is more likely interested in the content of the persuasive message than when
(s)he has a low motivation and a low ability. In challenging situations such as being in a hurry, it is highly likely that
one will use heuristics for processing the information.

The fourth postulate states that persuasion is often incremental. In other words, it is easier to initiate people into
doing a series of actions through incremental suggestions rather than a one-time consolidated suggestion [Mathew
2005]. This implies that a persuasive system should enable making incremental steps toward target behavior. For
example, an application for healthier eating habits could first encourage users to eat at least some vegetables at
their meals whereas the system could later suggest filling half of the plate with vegetables. Oftentimes, a system
should also encourage users to make an immediate decision rather than postponing it for a later occasion. For
example, Web sites for alcoholics could first provide stories from people who have suffered bad consequences, such
as memory problems or brain damages, because of alcohol abuse and then encourage the user to make or keep a
firm decision to abstain from alcohol use. From the ethical point of view, it is necessary that the overall goal is made
clear at all steps of incremental persuasion.

The fifth postulate is that persuasion through persuasive systems should always be open. It is very important to
reveal the designer bias behind of the persuasive system. For instance, simulations may bear great persuasive
power, but if the designer bias remains unclear for the users the simulations may either lose some of their
persuasiveness or they may end up misleading their users. Moreover, content that is based on untruthful or false
information does not fit with the overall goal of users’ voluntarily changing attitudes or behaviors.

The sixth postulate states that persuasive systems should aim at unobtrusiveness, i.e. they should avoid disturbing
users while they are performing their primary tasks with the aid of the system. In this manner, the system is capable
of fulfilling users’ positive expectations. The principle of unobtrusiveness also means that the opportune (or
inopportune) moments for a given situation should be carefully considered. The use of persuasive features at
improper moments, e.g. a heart rate monitor suggesting one to exercise when being sick or getting a reminder to
take medication for high blood pressure while giving a presentation at a meeting, may result in undesirable
outcomes.

According to the seventh postulate, persuasive systems should aim at being both useful and easy to use, i.e. at
really serving the needs of the user. This includes a multitude of components, such as responsiveness, ease of
access, lack of errors, convenience, and high information quality, as well as positive user experience, attractiveness,
and user loyalty. Quite understandably, if a system is useless or difficult to use, it is unlikely that it could be very
persuasive. It should be noted, however, that the abovementioned aspects are general software qualities and not
specific to persuasive systems only.
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lll. PERSUASION CONTEXT

Analyzing the persuasion context requires a thorough understanding of what happens in the information processing
event, namely understanding the roles of persuader, persuadee, message, channel, and the larger context [Oinas-
Kukkonen and Harjumaa 2008]. Persuasive communication produces a complicated psychological event in a
person’s mind. Basically, the one being persuaded (persuadee), that is the user, is a human information processor
[McGuire 1973]. This information processing view emphasizes the role of attention and comprehension in the
persuasion process. In order for a person to be persuaded, information must be presented, and the persuadee must
pay attention to the argument(s) presented and comprehend it. After this, the persuadee often yields to the position
presented and retains it (at least for some time), but in a successful persuasion the persuadee takes action to
comply with the new position [McGuire 1973].

In some cases, it is more fruitful to explain the persuasion context through the idea of cognitive consistency. This
view differs from the one proposed by McGuire [1973], since he regards the cognitive consistency theory and the
information processing approach as mutually exclusive. The idea of cognitive consistency implies that sometimes
behavior change may be possible without systematically going through all information processing phases.
Nevertheless, persuasion-in-full occurs only when attitude change takes place. Changing a previous attitude is
harder than originating or reinforcing an attitude. Furthermore, if a user's existing attitudes are based on his/her
personal experience (sometimes learned through a long socialization process), they are harder to change. In
proportion, if a user’s existing attitudes are recently learned from other people, they are easier to change [Lerbinger
1972].

Without carefully analyzing the persuasion context, it will be hard or even impossible to recognize inconsistencies in
a user’s thinking, discern opportune and/or inopportune moments for delivering messages, and effectively persuade.
This context analysis includes recognizing the intent of the persuasion, understanding the persuasion event, and
defining and/or recognizing the strategies in use. See Figure 2.

The Persuader
Intent Change type

The Use Use Problem domain dependent features
Event User ..+ context

Technology
,,,,,,, User User dependent features
--------------------------- i context E.g. goals, motivation, lifestyles, and others
The Message i Technology Technology dependent features
Strategy Route i context

Figure 2. Analyzing the Persuasion Context

The Intent

A serious consideration is needed to determine who is the persuader. As computers do not have intentions of their
own, those who create, distribute, or adopt the technology have the intention to affect someone’s attitudes or
behavior. Fogg [1998] has recognized three different sources of intentions: Those who create or produce the
interactive technology (endogenous); those who give access to or distribute the interactive technology to others
(exogenous); and the very person adopting or using the interactive technology (autogenous). Autogenous
technologies that people use to change their own attitudes or behaviors should emphasize that the user experience
is rewarding enough for users to keep using the technology regularly over an extended period of time [Nawyn et al.,
2006]. Exogenous technologies should provide means to personalize the assigned goals, because their effects are
mediated by self-set goals that people choose in response to the assignment, even in organizational settings [Locke
and Latham;, 2002]. Endogenous technologies should always be designed with respect to users’ voluntariness
toward attitude or behavior change. They should reveal the designer bias behind the system (cf. the fifth postulate in
Section ii2 of this article).

A central feature of analyzing the intent is to consider the change type, in particular whether the persuasion aims at
attitude and/or behavior change. One-time behavior change may be achieved more easily, whereas permanent
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behavior change is much more difficult. An attitude change that directs behavior may be the most difficult to achieve.
Attitudes can vary in many ways. They may be based on emotions, beliefs, or past experiences and behaviors, and
they may be internally consistent or ambivalent [Petty and Wegener 1998]. Attitude change means that a person’s
evaluation is modified from one value to another. In our view, attitudes do not always predict or determine behavior.
It is also possible to affect users’ behavior with a persuasive system even if their attitudes toward the behavior are
not favorable. This is supported by the theory of cognitive consistency. This theory suggests that one can often
proceed more efficiently from behavior to attitudes [McGuire 1973]. If the behavior changes first, for example by
legal constraints, it may be expected that the attitude change will follow.

There are also other theories which suggest that certain rules or conditions can be defined under which attitudes
predict behavior. For instance, the theory of reasoned action, which aims at explaining volitional behavior, suggests
that the strongest predictor of behavior is one’s intention towards it [Fishbein and Ajzen 1975]. Intentions are a
function of attitudes toward modes of behavior and subjective norms. Thus, this theory suggests that a person’s
attitudes toward behavior and subjective norms indicate how that person will behave in a situation. The attitude
toward the behavior and subjective norms are the key elements in attitude change, because in order to change the
behavior, the intention to perform that behavior should be influenced. These elements can be changed most
effectively by influencing primary beliefs [Fishbein and Ajzen 1975]. The theory of reasoned action is widely used in
information systems research for predicting user intentions and user behavior. Davis [1989] has employed it to
create the widely used individual human technology acceptance model.

The Event

A central facet analyzing the persuasion event is to consider the use context, in particular, the features arising from
the problem domain. For instance, many persuasive systems have been developed for promoting health and well-
being. It is characteristic of these applications that users often have the necessary information to act and, in many
cases, they even have the proper attitudes, but they have problems in behaving in line with them. Bad habits or
inappropriate behaviors have often been learned over a long period of time. For instance, addiction, whether
physical, emotional, or social, may be a result of lengthy or heavy use of alcohol, nicotine, or other substances. In
these cases, persuasive systems should aim at reinforcing proper attitudes and making them easier to stick with
even in challenging, spontaneous situations.

In parallel with understanding the use context, the user context also needs to be analyzed. People have individual
differences which influence their information processing. For example, some people have a high need for cognition
whereas some have a low need for cognition. This is based on an individual's tendency to engage in and enjoy
effortful cognitive endeavors [Cacioppo and Petty 1984]. A user's need for cognition has an influence on the
persuasion strategy that will be successful. People who have a high need for cognition tend to follow the direct route
to persuasion [Petty and Wegener 1998]. In addition to relatively straightforward information processing situations,
such as learning, users may be approached through larger contexts in their lives, such as a middle-age crisis or the
loss of a loved one. Whereas use analysis basically only focuses on the question of what information is relevant for
a user in a given situation, the user may be approached in a more holistic manner as well. This context analysis in-
the-large means analyzing a user’s interests, needs, goals, motivations, abilities, pre-existing attitudes, commitment,
consistency, compromises, life styles, persistence of change, cultural factors, deep-seated attitudes, social anchors,
and perhaps even the whole personality.

One of the most essential facets of analyzing the user context is understanding the user’s goals, including current
progress toward achieving them, and potentially past performances. Users’ goals and intentions can be studied from
various perspectives. In their theory of reasoned action, Fishbein and Ajzen [1975] have discussed discrete
intentions to take specific actions. In their theory of goal setting, Locke and Latham [2002] have focused on the
relationship between conscious performance goals and the level of task performance. The goal-setting theory
acknowledges the importance of conscious goals and self-efficacy, focusing on the core properties of an effective
goal and on the motivation for work settings.

The goal setting theory [Locke and Latham 2002] explains that goals affect performance through directing attention
and effort (toward goal-relevant activities and away from goal-irrelevant activities), energizing (high goals lead to
greater effort than low goals), persistence (hard goals prolong effort, and tight deadlines lead to more rapid work
pace than loose deadlines), and by leading to arousal and/or use of task-relevant knowledge and strategies. This
theory states that (a) the highest and most difficult goals produce the highest levels of effort and performance; (b)
specific, difficult goals consistently lead to higher performance than urging people to do their best; (c) when goals
are self-set, people with high self-efficacy set higher goals than do people with lower self-efficacy; and (d) people
with high self-efficacy are also more committed to the assigned goals and to finding and using better task strategies
to attain the goals as well as to responding more positively to negative feedback. Thus, when users have the
opportunity to set a goal, they will use their preexisting knowledge and earlier experience more effectively to achieve
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their goals. Overall, persuasive systems should encourage users to set goals and to discover ways for achieving
them in a systematic and effective way. It should be noted, however, that goal specificity in itself does not
necessarily lead to high performance.

In computer-human and computer-mediated persuasion, the fechnology context also plays an important role.
Information technologies are being developed with a great speed and new technologies become available rapidly.
The strengths and weaknesses, as well as the risks and opportunities, of specific technological platforms,
applications and features need to be thoroughly understood.

The Strategy

A central feature for defining persuasion strategies is analyzing the message. A persuasion situation may be defined
as an event in which the persuadee makes optimal compromises among conflicting forces [McGuire 1973]. This
view has been criticized by Cialdini et al. [1981], because it emphasizes the rational processing of arguments.
Nevertheless, this is a relatively large part of the whole picture of persuasion. Since persuasion may also be
described as changing the attitudes and/or behavior of others, the persuader is often trying to convince the
persuadee of something. Drawing the line between convincing and persuasion is difficult. Persuasion relies primarily
on symbolic strategies that trigger the emotions, whereas conviction relies on strategies rooted in logical proof and
appeals to persuadees’ reason and intelligence [Miller 2002].

The second central question in defining persuasion strategies is considering the proper route to be used in reaching
the user, in particular whether to choose a direct or indirect route for persuasion. Direct and indirect processes may
act simultaneously, and both strategies may be supported through numerous software system features. The route
selection depends on the user’s potential to carefully evaluate the content of the persuasive message. If (s)he is
able to do that, a direct route could be used. In many cases, this is advisable since direct persuasion has turned out
to be the more enduring of the two [McGuire 1973; Petty and Cacioppo 1986]. In these cases, persuasion basically
aims at convincing the user by appealing to reason and intelligence. However, in the era of information overflow
people are often forced to use indirect cues more often than before, because of the abundance of information to be
handled. An individual who is less thoughtful and uses simple cues or stereotypes for evaluating the information may
be persuaded through the indirect route. When an individual sees relevant cues, heuristics are triggered.

IV. DESIGN OF SYSTEM FEATURES

Fogg’s [2003] functional triad and the design principles presented in it constitute the first and so far most utilized
conceptualization of persuasive technology. A weakness of this model is that it does not explain how the suggested
design principles can and should be transformed into software requirements and further implemented as actual
system features. Yet, to be able to design and evaluate the persuasiveness of a software system, it becomes
essential to understand both the information content and the software functionalities. Nevertheless, many of the
design principles described below have been adopted and modified from Fogg [2003].

Requirements specification is one of the most important phases in software development. It covers the activities
involved in discovering, documenting, and maintaining a set of requirements for the computer-based information
system that will be designed and developed [Sommerville and Sawyer 1997]. Requirements are descriptions of how
the system should behave (functional requirements), qualities it must have (nonfunctional requirements), and
constraints on the design and development processes [Sommerville and Sawyer 1997; Robertson and
Robertson2006]. A system’s persuasiveness is mostly about system qualities.

The presented postulates already implicitly cover a multitude of aspects that need to be recognized when designing
persuasive systems, including responsiveness, error-freeness, ease of access, ease of use, convenience,
information quality, positive user experience, attractiveness, user loyalty, and simplicity, to name a few; however,
more precise requirements for software qualities will have to be defined to be able to communicate the ideas from
idea generators and/or management to software engineers. Similarly, in evaluating persuasive systems, software
quality checklists will needed. The three steps necessary to make an idea become reality are summarized in Figure
3.

Analysis of Behavior
persuasion context Requirement Software and/or
and selection of definition for implementation attitude
persuasive design software qualities change
principles

Figure 3. Generic Steps in Persuasive System Development
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The categories for persuasive system principles suggested in this article are primary task, dialogue, system
credibility, and social support.

The design principles in the primary task category support the carrying out of the user’s primary task. The design
principles in this category are reduction, tunneling, tailoring, personalization, self-monitoring, simulation, and
rehearsal. See Table 2.

Table 2. Primary Task Support

Principle

Example requirement

Example implementation

Reduction

A system that reduces
complex behavior into simple
tasks helps users perform the
target behavior, and it may
increase the benefit/cost ratio
of a behavior.

System should reduce effort
that users expend with regard
to performing their target
behavior.

Mobile application for
healthier eating habits lists
proper food choices at fast
food restaurants [Lee et al.
2006].

Smoking cessation Web site
provides an interactive test
that measures how much
money a user will save with
quitting.

Tunneling

Using the system to guide
users through a process or
experience provides
opportunities to persuade
along the way.

System should guide users in
the attitude change process
by providing means for action
that brings them closer to the
target behavior.

Smoking cessation Web site
offers  information  about
treatment opportunities after
a wuser has taken an
interactive test about how
addicted (s)he is on tobacco.

Tailoring
Information provided by the
system  wil be  more

persuasive if it is tailored to
the potential needs, interests,
personality, usage context, or
other factors relevant to a
user group.

System should provide
tailored information for its
user groups.

Personal trainer Web site
provides different information
content for different user
groups, e.g. beginners and
professionals.

Web site for recovering
alcoholics presents  stories
that are close to the user’s
own story.

Personalization

A system that offers
personalized  content or
services has a greater
capability for persuasion.

System should offer
personalized content and
services for its users.

Arguments most likely to be
relevant for the  user
presented first on a
professional Web site rather
than in random order.

Self-monitoring
A system that keeps track of
one’'s own performance or
status supports the user in
achieving goals.

System should provide
means for users to track their
performance or status.

Heart rate monitor presents a
user's heart rate and the
duration of the exercise.

Mobile phone application
presents daily step count
[Consolvo et al. 2006].

Simulation

Systems that provide
simulations can persuade by
enabling users to observe
immediately the link between
cause and effect.

System should provide
means for observing the link
between the cause and effect
with  regard to  users’
behavior.

Before-and-after pictures of
people who have lost weight
are presented on a Web site.

Rehearsal

A system providing means
with which to rehearse a
behavior can enable people
to change their attitudes or
behavior in the real world.

System should provide
means for rehearsing a target
behavior.

A flying simulator to help flight
pilots practice for severe
weather conditions.
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Any interactive system provides some degree of system feedback to its users, potentially via verbal information or
other kinds of summaries. There are several design principles related to implementing computer-human dialogue
support in a manner that helps users keep moving towards their goal or target behavior. They include praise,
rewards, reminders, suggestion, similarity, liking, and social role. See Table 3.

Table 3. Dialogue Support

Principle

Example requirement

Example implementation

Praise

By offering praise, a system
can make users more open to
persuasion.

System should use praise via
words, images, symbols, or
sounds as a way to provide
user feedback information
based on his/her behaviors.

Mobile application that aims
at motivating teenagers to
exercise praises user by
sending automated text-
messages for reaching
individual goals. [Toscos et
al. 2006]

Rewards

Systems that reward target
behaviors may have great
persuasive powers.

System should provide virtual
rewards for users in order to
give credit for performing the
target behavior.

Heart rate monitor gives
users a virtual trophy if they
follow their fithess program.

Game rewards users by
altering media items, such as
sounds, background skin, or
a user’s avatar according to
user's performance. [Sohn
and Lee 2007]

Reminders
If a system reminds users of
their target behavior, the
users will more likely achieve
their goals.

System should remind users
of their target behavior during
the use of the system.

Caloric balance monitoring
application sends text-
messages to its users as
daily reminders. [Lee et al.
2006]

Suggestion

Systems  offering  fitting
suggestions will have greater
persuasive powers.

System should suggest that
users carry out behaviors
during the system use
process.

Application  for  healthier
eating habits suggests that
children eat fruits instead of
candy at snack time.

Similarity

People are more readily
persuaded through systems
that remind them of
themselves in some
meaningful way.

System should imitate its
users in some specific way.

Slang names are used in an
application which aims at
motivating  teenagers  to
exercise. [Toscos et al. 2006]

Liking

A system that is visually
attractive for its users is likely
to be more persuasive.

System should have a look
and feel that appeals to its
users.

Web site that aims at
encouraging children to take
care of their pets properly has
pictures of cute animals.

Social role

If a system adopts a social
role, users will more likely use
it for persuasive purposes.

System should adopt a social
role.

E-health application has a
virtual specialist to support
communication between
users and health specialists.
[Silva et al. 2006]

The design principles in the system credibility category describe how to design a system so that it is more credible
and thus more persuasive. The category of system credibility consists of trustworthiness, expertise, surface
credibility, real-world feel, authority, third-party endorsements, and verifiability. See Table 4.

The design principles in the social support category describe how to design the system so that it motivates users by
leveraging social influence. The design principles that belong into this category are social facilitation, social
comparison, normative influence, social learning, cooperation, competition, and recognition. See Table 5.
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Table 4. System Credibility Support

Principle

Example requirement

Example implementation

Trustworthiness
A system that is viewed as

System should provide
information that is truthful, fair

Company Web site provides
information related to its

A system that is viewed as
incorporating expertise  will
have increased powers of
persuasion.

information showing
knowledge, experience, and
competence.

trustworthy will have | and unbiased. products rather than simply
increased powers of providing biased advertising
persuasion. or marketing information.

Expertise System should provide | Company Web site provides

information about their core
knowledge base.

Mobile application is updated
regularly and there are no
dangling links or out-of-date
information.

Surface credibility
People make initial
assessments of the system
credibility based on a
firsthand inspection.

System should have
competent look and feel.

There are only a limited
number of, and a logical
reason for, ads on a Web site
or mobile application.

Real-world feel

A system that highlights
people or organization behind
its content or services will
have more credibility.

System should provide
information of the
organization and/or actual
people behind its content and
services.

Company Web site provides
possibilities to contact
specific ~ people  through
sending feedback or asking
questions.

System should refer to people
in the role of authority.

Web site quotes an authority,
such as a statement by
government health office.

Authority

A system that leverages roles
of authority will have
enhanced powers of
persuasion.

Third-party endorsements
Third-party endorsements,

especially from well-known
and respected sources, boost
perceptions on system
credibility.

System should provide
endorsements from respected
sources.

E-shop shows a logo of a
certificate that assures that
they use secure connections.

Web site refers to its reward
for high usability.

Verifiability

Credibility perceptions will be
enhanced if a system makes
it easy to verify the accuracy
of site content via outside
sources.

System should provide
means to verify the accuracy
of site content via outside
sources.

Claims on a Web site are
supported by offering links to
other web sites.

Communications of the Association for Information Systems

Even if the design principles in the primary task support category are based on the works of Fogg [2003], there are
also many differences from them. The key benefit of suggestion is meaningful content for the user rather than
providing support for carrying out a process or making a task simpler to do. For this reason, it is tackled in the
dialogue support category. In our view, surveillance and conditioning are not acceptable means for persuasive
systems. Oftentimes people cannot choose whether they may be observed or not, which easily leads to covert
approaches. In a similar manner, operant conditioning oftentimes is not open. Moreover, we also think that users act
more or less rationally in how they form and modify attitudes, on the basis of beliefs and values rather than
performing behavior as a result of conditioning.

The design principles related to dialogue support are partly adopted from Fogg’s ideas on social actors
(attractiveness, similarity, and praise) and media (virtual rewards). Reminders and social role suggest new design
principles, whereas the idea of reciprocity was excluded from this framework because it is a characteristic of a user
rather than a system feature.

The differences between the design principles in the system credibility category and the functional triad are that this
category excludes the system fulfilling users’ positive expectations as well as the ideas of responsiveness, ease-of-
use, and error-freeness, because they belong to the postulates. Since personalization is very closely related to
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tailoring, it can be found at the primary task category. On the other hand, the key benefit of referring to an authority
is to increase system credibility in a manner similar to other principles in this category. Presumed credibility, reputed
credibility, and earned credibility influence users, doubtless even more than many of the abovementioned principles
much of the time, but since these can not really be represented as system features, they are excluded.

Table 5: Social support

Principle

Example requirement

Example implementation

Social learning

A person will be more
motivated to perform a target
behavior if (s)he can use a

System should provide
means to observe other users
who are performing their
target behaviors and to see

A shared fitness journal in a
mobile application for
encouraging physical activity
[Consolvo et al. 2006].

the target behavior if they can
compare their performance
with the performance of
others.

performance of other users.

system to observe others |the outcomes of their

performing the behavior. behavior.

Social comparison System should provide | Users can share and
System users will have a | means for comparing | compare information related
greater motivation to perform | performance with the | to their physical health and

smoking behavior via instant
messaging application [Sohn
and Lee 2007].

Normative influence
A system can leverage
normative influence or peer

System should provide
means for gathering together
people who have the same

A smoking cessation
application shows pictures of
newborn babies with serious

System users are more likely
to perform target behavior if
they discern via the system
that others are performing the
behavior along with them.

means for discerning other
users who are performing the
behavior.

pressure to increase the | goal and make them feel | health problems due to the
likelihood that a person will | norms. mother’s smoking habit.
adopt a target behavior.

Social facilitation System should provide | Users of a computer-based

learning environment can
recognize how many co-
students are doing their
assigned homework at the
same time as them.

Cooperation
A system can motivate users
to adopt a target attitude or
behavior by leveraging
human beings’ natural drive
to co-operate.

System should provide
means for co-operation.

The behavioral patterns of
overweight patients are
studied through a mobile
application, which collects
data and sends it to a central
server where it can be
analyzed at the group level in
more detail [Lee et al. 2006].

Competition

A system can motivate users
to adopt a target attitude or
behavior by leveraging
human beings’ natural drive
to compete.

System
means for
other users.

should provide
competing with

Online competition, such as
Quit and Win (stop smoking
for a month and win a prize).

Recognition

By offering public recognition
for an individual or group, a
system can increase the
likelihood that a person/group
will adopt a target behavior.

System should provide public
recognition for users who
perform their target behavior.

Names of awarded people,
such as “stopper of the
month,” are published on a
Web site.

Personal stories of the people
who have succeeded in their
goal behavior are published
on a smoking cessation Web
site.
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The design principles in the social support category have been adopted from Fogg'’s principles on mobility and
connectivity. The opportune and inopportune moment and the ideas behind information quality, convenience, and
simplicity have been covered in the postulates in other categories.

V. EXAMPLE

In this section, we will demonstrate the feasibility of the suggested conceptual framework through discussing a
contemporary, commercial system that incorporates several distinct persuasive techniques in its functionality. The
four described functionalities belong to the four different categories.

The Nike+ running system comprises a pair of running shoes with a built-in pocket for a running sensor, an mp3
player or a sport band, and a web service [Nike+ 2008]. See Figure 4. The sensor tracks running information and
sends the data to the mp3 player or a special sport band on the runner’s wrist. While running, the user can hear
summary feedback such as his or her pace, time, distance, and calories burned. After running, the user can
download his or her training information to the web service [Nike+ 2008] and see the full run data.

ave completed O werkouts for a total of Ohkm. iy average pace is 0’0" per km.

LEARN HOW »

b My Nike+ Mini
Craaty

Gear amusic B¥ .~ support ‘a
==

Figure 4. The Nike+ Web Service

The Nike+ system supports users’ primary task by reducing the complexity of planning the exercises via suggesting
training programs. These have been categorized according to the runner’s goals, e.g. “walk to run,” “5k,” “10k,” “half
marathon,” “marathon,” or “build your own.” When the build your own feature is selected, the application works like
an electronic calendar where the user can add his or her own runs and distances per day. See Figure 5. The system
also leverages the principle of personalization by enabling the adding of one’s own name and picture to the screen.
Naturally, self-monitoring is utilized by providing a means to track the running information.

| (2

Figure 5. Leveraging the Reduction Principle: The Creation of a Training Program
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The computer-human dialogue is supported by praise and rewards. The user is able to set challenges at individual
or team levels. After achieving the goals that have been set, the user receives a reward and the system praises him
or her, for instance, by saying “Congratulations! You achieved your goal.” See Figure 6.

0O A Distance hMabagEcOLs | T

Figure 6. Leveraging Praise and Rewards: The Positive Feedback after Goal Attainment

The system credibility emphasizes expertise behind the system. For instance, when a user tries to create his or her
own training program, the system brings its expertise to the fore, suggesting one of its offerings by saying: “Nike+
training programs were exclusively developed by Nike elite trainers for a range of goals and experience levels.” It
also uses the expression “coach” with its training program offerings. See Figure 7.

team, with existing training '

were exclusively developed
goals and experience
s your experience

Figure 7. Showing Expertise by Providing Background Information

The system also motivates users by leveraging social support. Besides individual challenges, it provides
opportunities to define team challenges. A team goal can be a distance race (e.g. “the first team to run 100 miles”),
the most miles (e.g. “the team that runs the most miles in 30 days”), or a distance goal (e.g. “every team has to run
500 miles this season”). See Figure 8. Challenges or goals that are shared by team members are supposed to
leverage human beings’ natural drive to cooperate via achieving the goal together. Users may also be influenced by
normative influence (i.e. peer pressure) as a consequence of the pressure of achieving one’s own part of the shared
goal. Furthermore, the system utilizes other principles from the social support category. An individual user’s profile
can be “public” so that all of one’s running data (as well as home towns, “power songs,” usernames, and pictures)
will be shared with other users as well. In doing this, the system leverages the principles of social learning by
providing means for observing others performing the same behavior and social comparison by offering means for
comparing their performance with the performance of others. The system also provides means for public recognition.
For instance, there is the fastest run challenge (e.g. “the person with the fastest 5k run by September 30 wins”), in
which the winner gets public recognition in front of other runners.

The aforementioned functionalities by no means cover all of the persuasive qualities of the referred system, but they
help demonstrate the practicality of the theoretical framework put forth in this article.
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o€l (eams Stakes

Create a Challenge

Pick what each team will be racing for in your challenge.
A set distance, date, or goal? You decide.

(% A

Figure 8. Leveraging the Principle of Co-Operation: Creation of a Group Challenge

VI. CONCLUSION

This article has presented a framework for designing and evaluating persuasive systems, known as the Persuasive
Systems Design (PSD) model. The underlying postulates behind persuasive systems were defined and the
importance for a thorough analysis of the intent, event, and strategy was brought to attention. Although this article is
conceptual and theory-creating by its nature, it has practical implications. It was proposed that persuasion principles
should be considered mainly as requirements for software qualities. Twenty-eight design guidelines, mostly based
on Fogg’s functional triad, were defined with software requirement and implementation examples. A new
categorization of the principles was based on their key benefits, which makes them more practical for actual systems
development. In future research, experimental work will be needed to demonstrate the framework’s applicability in
various real-life design and usage situations. The suggested postulates, means for analyzing the persuasion
context, new categorization, and design principles may become especially useful in motivating and persuading users
to reach their own personal goals.
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Abstract: Often the purpose of personal health and well-being systems is to change users’ behaviour. Many theoretical
frameworks have been developed to support the design and evaluation of these persuasive systems for behaviour change,
but their design remains challenging. No systematic way yet exists by which to put the information into practice and build
in persuasiveness effectively. The aim of this study is to investigate how the Persuasive Systems Design (PSD) model can be
utilised so as to support the development of personal health and well-being systems. To do this, the study discusses and
analyses related research and also integrates the PSD model into the development of two health-related behaviour change
support systems. In Case 1, the purpose of using the PSD model was to identify new persuasive functionality within a fall
risk assessment and fall prevention system. In Case 2, the purpose of using the PSD model was to identify new persuasive
functionality and new service concepts within an existing smartphone application for mental wellbeing. The study shows
that the PSD model has been used in the development of BCSSs to describe the overall process, analyse the persuasion
context and design system qualities. It has also been applied in the evaluation of the existing systems by providing
heuristics for expert evaluations and systematic ways to analyse user experience data. The study also reveals that the PSD
model can be successfully applied during the user requirements analysis and concept design phases to identify new
potential persuasive functionalities. In both Case 1 and 2, this resulted in having more variety in persuasive functionalities
compared to those in the initial user requirements or existing application. The PSD model provides support for designing
and evaluating BCSSs, but some future directions of development of the model can be recognised.

Keywords: behaviour change support systems, persuasive systems design, design process, evaluation, framework, health,
well-being

1. Introduction

Huge challenges exist in treating a large population using traditional reactive healthcare. Therefore a need
exists to develop more proactive patient-centred models. Personal health technology can be delivered at low-
cost to large groups of people and it can be a competitive alternative to traditional care (Murray, 2012). Often
the purpose of personal health and wellbeing systems is to change users’ behaviour. Behaviour change
support system (BCSS) provides content and functionalities that engage users with new behaviours, make
them easy to perform and support users in their everyday lives. A BCSS can be defined as “a sociotechnical
information system with psychological and behavioral outcomes designed to form, alter or reinforce attitudes,
behaviors or an act of complying without using coercion or deception” (Oinas-Kukkonen, 2012). There already
exist a number of theoretical and practical approaches to the design and evaluation of persuasive systems for
behaviour change. Regardless of the abundance of various approaches, however, designers and researchers
struggle with limited understanding of how BCSSs should be designed. There is therefore room for a study that
addresses how to integrate persuasive design approaches into the development of personal health and
wellbeing systems.

The concept of BCSS suggests that information systems (IS) can be treated as the core of research into
persuasion, influence, nudge and coercion, whether they are web-based, mobile, ubiquitous applications, or
more traditional information systems (Oinas-Kukkonen, 2012). One of the key constructs of the BCSS concept
is the Persuasive Systems Design (PSD) model (Oinas-Kukkonen and Harjumaa, 2009) which can be used to
analyse the persuasive potential of the system. It is a framework which discusses the process of designing and
evaluating persuasive systems, i.e. systems designed for changing users’ attitudes, behaviour or both.

This study discusses and analyses related research considering the use of the PSD model and describes
experiences from two health-related system design cases. The objective of both of these systems is to deliver
an intervention which seeks to make positive change in the health behaviour of the users. Case 1 involves a fall
risk assessment and fall prevention system to deliver an intervention designed to reduce fall risk. Case 2
involves an existing smartphone application designed to increase mental well-being by teaching skills that
boost psychological flexibility and mental wellness. Web-based and mobile technologies provide opportunities
for persuasive interaction and open a whole new world for delivering an intervention. Barak et al (2009) define
such web-based intervention as: “...a primarily self-guided intervention program that is executed by means of
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a prescriptive online program operated through a website and used by consumers seeking health- and mental
health—-related assistance. The intervention program itself attempts to create positive change and or
improve/enhance knowledge, awareness, and understanding via the provision of sound health-related
material and use of interactive web-based components.” It is important to plan interventions carefully in order
to ensure the information system becomes a successful intervention.

The aim of this study is to investigate how the Persuasive Systems Design (PSD) model can be utilised to
support the development of personal health and well-being systems and, more specifically, the identification of
persuasive aspects in the early stages of iterative, user-centred IS development.

The PSD model and a Persuasive Technology Design Canvas, which was created especially for this study based
on the PSD model, were used as theoretical frameworks in both cases. The PSD model provides 28 design
principles for persuasiveness under four categories: primary task, dialogue, system credibility and social
support. The model was selected since it is a holistic model, but it also provides concrete instructions on how
to develop a system that is more persuasive.

2. Background

2.1 Approaches to the design of persuasive systems

Development of personal health and wellbeing systems is often characterised by a multidisciplinary design
team, customer orientation, and iterative development. In the past when traditional, sequential waterfall-
oriented process was used, it led to a long development cycle. Customers and users were very often involved
only in the beginning to write the requirements and then at the end to accept the software, which did not
work very well (Cohn, 2004). In agile software development methods, such as Extreme Programming and
Scrum, the process is iterative and customers and users remain involved throughout the duration of the
project. The benefits of this kind of approach are that it helps to prioritize the functionalities and to describe
the intended behaviour of the product. (Cohn, 2004) However, when the product is designed for health
behaviour change, also its persuasive aspects should be considered.

There are many approaches to the design of persuasive systems. These approaches can be roughly grouped
based on their focus on 1) users, 2) technology or 3) the whole design and evaluation process (i.e. holistic
approaches). In a design process, it is possible and even favourable to use a combination of guidelines and
principles from each approach to form a successful persuasive system.

When the focus is on the users and their behaviour change processes, there are plenty of theories addressing
this aspect of human behaviour. These include the Theory of Reasoned Action (Fishbein and Ajzen, 1975),
Theory of Planned Behavior (Ajzen, 1991), Self-efficacy Theory (Bandura, 1977) and Elaboration Likelihood
Model (Petty and Cacioppo, 1986).

More recent approaches include the Fogg Behaviour Model (FBM) which states that the behaviour is a product
of three factors: motivation, ability and triggers (Fogg, 2009). There are also models for understanding general
health behaviour. Ryan et al. (2008) have also adapted self-determination theory into the health context and
have formulated health behaviour to be determined by the autonomous motivation, perceived competence to
make the change and practitioner-patient relationship (relatedness), which is similar to Fogg’s model.
According to the Health Belief Model (also known as the Health Action Model), a person takes action to alter
their health-related behaviour for specific reasons: if they regard themselves as being susceptible to a
particular condition; if they believe it to have serious consequences; if they believe that the anticipated
barriers to (or costs of) taking the action are outweighted by its benefits (Strecher and Rosenstock, 1997).

There are also approaches that distinguish different stages of behaviour change. They can be used for adapting
the system to react in the most beneficial way in relation to the present behaviour change stage the person is
in. Examples include the Transtheoretical Model which describes six stages of health behaviour change
(Prochaska and Velicer, 1997). Recently, Li et al (2010) have presented a five stage process of behaviour
change when people turn from passive into active behaviours.
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When the focus is on the technology, designing the product and its features are at the core. Most design
principles and heuristics fall into this category. Fogg (2003) defines three roles for persuasive computer
technology; they serve as tools, media or social actors. The Design With Intent Method provides 101 ideation
cards with questions to induce ideas for the design, keeping the intent in mind (Lockton et al., 2010). Many
others have also presented design principles, guidelines or strategies to design technology for behaviour
change. Nawyn et al. (2006) list three types of strategies for behaviour modification: user experience
strategies, activity transition strategies and proactive interface strategies.

When the focus is on the whole process, the objective is to analyse the big picture and guide the entire process
from idea creation to the final product. The approach described by Oinas-Kukkonen and Harjumaa (2009)
provides an overview of the stages in persuasive systems development (described in the next chapter in more
detail). Van Gemert-Pijnen et al. (2011) describe six principles for a participatory eHealth development
process. According to these principles eHealth technology development is one that: 1) is a participatory
process, 2) involves continuous evaluation cycles, 3) is intertwined with implementation, 4) changes the
organization of health care, 5) should involve persuasive design techniques and 6) needs advanced methods to
assess impact.

2.2 The PSD model

The PSD model (Oinas-Kukkonen and Harjumaa, 2009) provides an overview of the stages in persuasive
systems development. The steps include: 1) analysis of the persuasion context and selection of persuasive
design principles, 2) requirement definition for system qualities, and 3) software implementation. The PSD
model does not specify how these steps should be implemented; the process can be sequential or iterative.
The analysis of the persuasion context requires a thorough understanding of what happens in the information
processing event, namely understanding the roles of persuader, persuadee, message, channel, and the larger
context (Oinas-Kukkonen and Harjumaa, 2008). Thorough analysis will help to recognize inconsistencies in a
user’s thinking, discern opportune and/or inopportune moments for delivering messages, and effectively
persuade. In order to support the requirement definition for persuasive system qualities and software
implementation, the PSD model lists 28 design principles for persuasive system content and functionality, and
describes example software requirements and implementations. The principles are categorised in four
categories depending on whether they support the user’s primary task, human-computer interaction, the
system’s credibility or whether they leverage social influence. The model also presents some of the key issues
behind persuasive systems, which are formulated as seven postulates.

The PSD model has been used in the development of BCSSs in order to describe the overall process (Alahdivala
et al., 2013), to analyse the persuasion context (Purpura et al., 2011; Young, 2010) and to design system
qualities (Derrick et al., 2011; Langrial et al., 2012; Pribik and Felfernig, 2012; Stibe and Oinas-Kukkonen, 2012).

Related research shows that the PSD model has been applied in the evaluation of existing systems by providing
heuristics for expert evaluations (Chang et al., 2013; Myneni et al., 2013; Lehto and QOinas-Kukkonen, 2011)
and systematic ways to analyse user experience data (Basic et al., 2013; Segerstahl et al., 2010).

2.3 Impact of PSD principles

Overview of the studies exploring the relation between certain principles or the entire PSD categories (groups
of related principles inspected as a whole) in the PSD model and actual health behaviour shows that applying
the principles actually has an effect on users’ behaviour. Some examples are mentioned below.

Primary task support category includes principles related to reduction, tunnelling, tailoring, personalization,
self-monitoring, simulation and rehearsal. The effects of primary task support have been extensively studied
from the personalization and tailoring perspectives. Oinas-Kukkonen and Harjumaa (2009) define
personalization as the adjustment of content to individual users, and tailoring as the adjustment to different
user groups (e.g. certain nationalities). However, there are other definitions. As an example, Kreuter’s
definition of tailoring being an individual adjustment of the context and targeting the higher level adjustment
(Kreuter, 2003). The literature implies that personalization is indeed significant for behaviour change. In a
meta-analysis by Noar et al. (2007), smoking cessation, diet and mammography screening were the most
studied domains where personalised print messages were used. In addition to providing evidence for the
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effectiveness of the personalisation, the meta-analysis also revealed that the contents should be modified
based on the behaviour, demographics and 4-5 different theoretical behaviour concepts, for example. Self-
monitoring has been proven to be an effective method for controlling blood pressure (Glynn et al., 2012) and
blood glucose (St John et al., 2010)). This is no surprise, since the treatment of those conditions is greatly
dependent on these measurements. Self-monitoring has also been shown to be effective in increasing physical
activity (Conn et al., 2011; Ferrier et al., 2012).

Dialogue support includes principles of praise, rewards, reminders, suggestion, similarity, liking and social role.
A more extensive use of dialogue support seemed to predict better adherence which is frequently one major
reason why some interventions are not effective (Kelders et al., 2012). The behaviours present in this study
were behaviours related to chronic conditions (diabetes, arthritis, etc.), lifestyle (weight management,
nutrition, smoking cessation, physical activity) and mental health (anxiety, alcohol, depression, panic disorder,
social phobia, etc.).

Credibility support includes principles for trustworthiness, expertise, surface credibility, real-world feel,
authority, third-party endorsements and verifiability. The effects of credibility support are studied in a
dissertation by Nind (2012). The dissertation includes two studies, one of web-pages related to increasing
physical activity and the other of registration as an organ donor through a website. In the studies presented no
difference was detected in the self-reported physical activity or the registration rates. But, as Lehto and Oinas-
Kukkonen (2013) conclude in their study, credibility is perhaps more related to use continuance than to the
behaviour itself. Therefore, it is indirectly crucial for effectiveness.

Social support category includes principles for social learning, social comparison, normative influence, social
facilitation, cooperation, competition and recognition. There is evidence that the changing social norms affect
behaviour change, e.g. in smoking-related behaviours (Dohnke et al., 2011; Zhang et al., 2012). Dohnke et al.
(2011) found that intention was dependent on significant others’ quitting, significant others’ attitudes towards
quitting and partners’ smoking. In addition, they discovered that the behaviour was slightly different in men
and women. Social media has had a strong impact on current applications. This offers also health and wellness
applications new possibilities for social support, even though it should be noted that social support is not
created simply by adding the Facebook possibility into the system. At least, this kind of solution did not seem
to have any effect on increasing physical activity (Cavallo et al., 2012). Reviews of the studies of the health
behaviour effects in this field do not exist yet.

There is recent research testing a model for predicting the perceived effectiveness and use continuance
including all the PSD categories (Lehto and Oinas-Kukkonen, 2013). According to their study in the weight loss
domain, primary task support, computer-human dialogue and social support affect perceived effectiveness.
Computer-human dialogue has significant impact on the other three PSD categories. As mentioned earlier,
perceived credibility rather affects continuance intention, which in turn is important for possible behaviour
change.

3. Research setting

3.1 Research method

In order to integrate the PSD model into the systems development it was necessary to select real life practice-
based problems where this kind of design approach was needed and to use the PSD model in them. Thus, the
case research strategy was selected as the research method. The selected cases represent typical, information-
rich cases from which it is possible to learn from the persuasive system’s development.

According to Yin (2009) case study is an empirical enquiry that investigates a contemporary phenomenon in
depth and within its real-life context, especially when the boundaries between phenomenon and context are
not clearly evident. In case study there can be many variables of interest, it relies on multiple sources of
evidence, and it benefits from the prior development of technological propositions to guide data collection
and analysis. If the same study contains more than a single case, it is defined as a multiple-case study. It can be
considered that single- and multiple-case designs are variants within the same methodological framework and
no broad distinction is made between them. The advantage of multiple-case designs is that they are often
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considered more compelling than single-case designs. It should be noted however, that single-case designs
have their place in solving research problems related to unusual or rare cases, as an example. (Yin, 2009)

The goal of the multiple-case study was to find out how the PSD model can be utilised to support the
identification of persuasive functionalities that would increase the persuasiveness of the system. Because one
of the objectives of the PSD model is to show examples of how the suggested persuasive design principles can
be transformed into software requirements and further implemented as actual system features (Oinas-
Kukkonen and Harjumaa, 2009), the PSD model was applied during the user requirements analysis and concept
design phases. In practise this meant that a co-creation session was organised for the people working in the
two selected cases. In a co-creation session people work in collaboration and aim to explore potential
directions and gather a wide range of perspectives in the process to be used as inspiration of the core design
team (Stickdorn and Schneider 2011).

The first co-creation session was organised in November 2012 (Case 2) and the second in February 2013 (Case
1). In total nine people participated in the co-creation sessions and they all were working as researchers in
their respective projects. Their expertise ranged from psychology to engineering. The material from the co-
creation sessions was subsequently analysed. It included the notes of the two researchers who facilitated the
designs of each project, and adhesive notes which contained new functionalities envisioned by the participants
during the co-creation sessions. Individual case reports were written after the analysis and cross-case
conclusions were drawn and reported.

3.2 Case 1: Fall risk assessment and fall prevention system

Case 1 is a fall risk assessment and fall prevention system for elderly care. It is called Aging in Balance system
and it is aimed at preventing falls amongst older people by assessing the fall risk probability and providing a
personalised care plan to reduce the likelihood of a fall. The target user group of the system includes older
people, their possible carers and health care professionals (Immonen et al., 2012).

The system has several components, partly grounded on existing components used by the various
stakeholders developing the system together. The requirements analysis and concept design of the whole
system included the creation of five scenarios for the use of the prospective system and their evaluation via
focus group interviews with older people in Finland and Spain. In this study, the design work analysed is
limited to a home exercise programme which will form part of the overall system (see Figure 1). Before the co-
creation session one of the designers defined a preliminary list of the user requirements which was intended
to describe the most important functionalities of the system.

) _
Fallrisk Personal fall risk
assessment > and critical risk
factors
< J
Doctor,
physiotherapist,
relatives, .
person him/herself, ‘ ReCOmmendatlpns
optician for fall prevention
home care
personnel,
sensors
Balance, muscle Interventions,
tone myemory exercises,
envi}onment Y = memory games,
icati Y environmental
medication, health,
psyche changes,
| S —— medication

Figure 1: The aging in balance system

www.ejise.com 282 ©Academic Publishing International Ltd
IV/5



Marja Harjumaa and Salla Muuraiskangas

3.3 Case 2: Smartphone application for mental wellbeing

Case 2 is a smartphone application for learning skills related to psychological flexibility and wellbeing (Ahtinen
et al,, 2012). It is called Oiva and is targeted at working age people who suffer from stress and declined mental
and physical well-being. The application has been created with the cooperation of experts in psychology, user-
centred design and technology, and it delivers an intervention program in bite-sized daily sessions. The
intervention program is based on Acceptance and Commitment Therapy (ACT), which aims to increase
psychological flexibility: “the ability to contact the present moment more fully as a conscious human being,
and to change or persist in behaviour when doing so serves valued ends” (Hayes et al., 2006). The application
contains four intervention modules called “paths”. Three of the paths are aimed at teaching the user the six
core processes of ACT (see Figure 2).

Diary

J Favorites

4. Healthy
Body

_-un

3. Values

Figure 2: The main menu of Oiva

The design process had already included many iterative cycles. The initial idea of the application had been
created based on a needs assessment with a multidisciplinary team, and a model of the therapy process had
been created and used to define the structure of the application. ACT-based content and exercises were
adapted for the mobile phone by creating audio and video versions of exercises and abbreviating textual
content in order to support short daily usage sessions. Users were involved in several phases of the design to
ensure that the application would be easy to operate and engage them in its use across several weeks (Ahtinen
etal., 2012)

4. Results

4.1 Integrating the PSD model into the development process

In both Cases, the human-centred design process was implemented according to a prototyping paradigm
where ‘quick design’ occurs after a requirements analysis. It aims to represent those functionalities that will be
visible to the user and leads to the construction of a prototype. The prototype is evaluated by the user and is
used to refine requirements. This iterative cycle is repeated until the prototype satisfies the requirements.
During the iterative process the designers are able to develop a better understanding what needs to be done
(Pressman, 2000).

The PSD model was integrated into the process by using it in the requirements analysis and concept design
phases. In Case 1, there were no existing prototypes of the software. In Case 2, the design process was already
much further advanced. There was an existing prototype, a smartphone application, which already had the
basic functionality implemented and it was under validation in randomized controlled trials to prove the
effectiveness of the intervention when delivered via the mobile channel. Figure 3 describes the development
processes of the two Cases (darker colours represent the completed phases).
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Figure 3: Development processes of cases 1 and 2

In this study the PSD model was integrated into the development work by organising a co-creation session for
the people working in both of the projects. The PSD model was brought closer to practice by outlining a design
canvas which aimed at facilitating the ideation work. The basic building blocks of the resulting Persuasive
Technology Design Canvas are: 1) Analysis of the intention, 2) Design of the content and 3) Design of the
functionalities (see Figure 4). To analyse the intention, it is useful to ask: “who, what, when, where and why”.
To design the content it is useful to ask “what”, i.e. what theories, methods or assumptions the technology
relies on, what kind of content is provided and what kind of content could be provided. To design the
functionalities it is useful to ask: “how”, i.e. how the technology has been implemented and how the
technology could be implemented. The four categories under the functionalities contain the design principles
of the PSD model. The Persuasive Technology Design Canvas is not limited to any particular theoretical model
of behaviour change; it can be used across many kinds of design work.

Overview of the design process is illustrated in Figure 5. At the start of both co-creation sessions, the PSD
model was introduced to the participants and the original article including detailed descriptions of the design
principles was distributed to them. The Persuasive Technology Design Canvas was drawn on a large board. The
researchers discussed and created a shared understanding of the intention and content of the behaviour
change support system and wrote it down on the board. As an example, in Case 2 the intention was to increase
the psychological flexibility of people who suffer from stress and depression, to be used in everyday life and
the content was a coaching program based on ACT. Then they worked independently to envision new
functionalities based on the design principles and wrote their ideas on adhesive notes. In Case 2, the
participants identified first the existing persuasive functionalities using the Persuasive Technology Design
Canvas, and then potential future functionalities. After the participants had gone through all categories, the
adhesive notes were grouped and analysed. The result was an affinity diagram comprised of all of the new
potential functionalities that could be included in the design of the system.

1. Intention

o 2. Content 3. Functionalities
©
% Primary task Dialogue
E]
Credibility Social support
Figure 4: The persuasive technology design canvas
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Create a shared understanding of the
intention

'
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content that will be provided for the users
and theories or approaches it is based

Identify the existing
persuasive functionalities

Envision new functionalities based on the
design principles individually

v

Group and analyse envisioned
functionalities

!

Identify new functionalities and service
concepts

o

Because there was empirical material collected from a previous small-scale field study in Case 2, this was also
used to identify new functionalities and create new concept ideas for further discussion and development. This
material was already analysed and reported but not published. After participants had identified existing and
future persuasive functionalities with the Persuasive Technology Design Canvas, they used this empirical
material to identify new functionalities and create new service concepts.

Figure 5: Overview of the design process

4.2 The outcome of the integrated process

Material from the co-creation sessions was analysed afterwards. The adhesive notes from Case 1 were written
up and the quantity of new persuasive functionalities envisioned by the participants was compared with the
quantity of persuasive functionalities in the initial user requirements document. Initially there were 15
different persuasive functionalities applying principles from three categories: 1) primary support, 2) dialogue
support and 3) social support. After the co-creation workshop there were 39 different functionalities from
applying principles from the four PSD model categories (see Table 1).

Adhesive notes from Case 2 were also written up and the quantity of new persuasive functionalities envisioned
by the participants was compared with the quantity of the existing persuasive functionalities. Participants in
the co-creation session identified that in the current application there were 17 different persuasive
functionalities applying principles from three categories: 1) primary support, 2) dialogue support and 3)
credibility support. After the co-creation workshop there were 27 different functionalities applying principles
from the four PSD model categories (see Table 1). In addition, dozens of new ideas were identified based on
the empirical data. These included not only new requirements but also improvement ideas and service
concepts. Overlapping items were removed in both Cases.
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Table 1: Quantity of the persuasive functionalities before and after the co-creation session

Before After Increase
Case one 15 39 160 %
Case two 17 27 60 %

4.2.1 Case 1: Fall risk assessment and fall prevention system: persuasive functionalities

In Case 1 the basic functionality of the personalised training program had many similarities with the initial user
requirements, which had been defined earlier. It was expected that a personalised training programme with
goal-setting, self-monitoring and feedback features would motivate older users to exercise and thus, the
likelihood of fall would be reduced. A concrete plan and schedule of performing the intended balance
exercises should be provided for the users and they should be reminded at opportune moments to perform
the exercises. The system should offer instructions for how to perform the intended behaviour in practice,
provide motivational information related to the exercises and give positive feedback when users reached their
goals.

As a consequence of using the PSD model new functionalities were identified. It was discovered that
simulations of the consequences of exercising (or not exercising) should be used to increase exercise
motivation. The system should provide links to external websites providing useful and trustworthy
information. It was also found that the exercise instructions should adapt over time as users would require
more challenging exercises.

Regarding the four categories within the PSD model, the credibility and social support categories were the
least taken into account in the initial user requirements. It was found that the system should provide
information about the validity of the training program, show third party endorsements and logos in order to
increase the credibility. The end-users should be provided an opportunity to send feedback to the developers
of the solution. The potential for including group functionalities was recognised to be important, although in
the first phase the system was targeted for individuals. End-users could have a club, as they might in real life,
and they should have shared goals. The system should monitor the group’s progress and give feedback
accordingly. Club members should have an opportunity to send suggestions about useful exercises to other
club members, discuss with the others, share their exercises with the others, have public recognition of their
achievements, know when the others are performing their exercises, and to volunteer to help others to
achieve their goals.

New, non-functional requirements were also identified in addition to the persuasive functionalities mentioned
above. To list a few, the system should be error free, easy to use, and the user interface should be “pleasant
and credible looking” from an older person’s viewpoint. Although one of the postulates of the PSD model
states that the system should aim at being both useful and easy to use (Oinas-Kukkonen and Harjumaa 2009),
these aspects are general software qualities and not specific to persuasive systems only.

4.2.2 Case 2: Smartphone application for mental wellbeing: persuasive functionalities

In Case 2, the existing application already followed many persuasion principles. It provided thorough
opportunities to rehearsal, which can enable people to change their attitudes or behaviour. Exercises were in
both textual and audio format and users had self-monitoring potential through keeping a diary and activity log
showing how many exercises were carried out. It suggested a program, “a path”, to follow, had reminders of
exercises, and reduced barriers to the user performing the exercises when compared for example to a book
with written instructions. It provided expertise by showing video presentations by a real therapist and stated
the evidence-based theory behind the application. It motivated users by giving a virtual reward for performing
an exercise.

As a consequence of using the PSD model, new functionalities were identified. The system should provide
feedback on the user’s progress with regards to their goals, skills and committed actions. It should also give
recognition via praise for performing the target behaviour. The system should adopt the role of a therapist, or
virtual coach, who is always available to help. The content should be tailored to the interests and needs of the
user, and the users should be provided with testimonials from other users who have been helped by using the
application.
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Many of the functionalities related to creating a more engaging user experience, such as providing a more
attractive look and feel. The system should also provide opportunities to rehearse difficult situations in role
play and provide animations, pictures or mini movies to emphasize of the benefits of the exercises. Similarly to
Case 1, the credibility and social support categories of the PSD model were the least taken into account in the
existing design. To increase credibility, the system should provide information on who provides the
application, evidence of the effectiveness of the therapy method, third party endorsements and logos as well
as the means to verify the accuracy of the content. Regarding “social functionalities” it was discovered early in
the design session that although it is possible to identify them, they might not be applicable in the context of
mental wellbeing. As an example, “competing with others in performing exercises” is not useful, but on the
other hand, it could be useful to provide opportunities to follow other users’ progress at some level, because
this might encourage people to perform their own exercises.

In Case 2, new improvement ideas and functionalities were identified also based on the empirical material
collected from a previous study. Many of them concerned ways to better integrate the solution into the
everyday lives of the users, where a typical barrier amongst the field trial users was being too busy to carry out
the exercises. Similarly to the requirements gathered using the PSD model, the need for a virtual coach and a
more engaging user experience were suggested. While the principles of the social support category were not
earlier considered especially applicable, it was identified that supporting communication or sharing exercises
with friends and family could be useful.

4.3 Observations from the process

When participants began the co-creation session looking at the definition of intention, it was found that the
intention part of the Persuasive Technology Design Canvas was not self-explanatory. One participant
commented that there can be different kinds of intentions, such as theory-driven or more practical ones, and it
was not clear what was meant in the Canvas. In persuasive design, ‘intention’ refers less to the ‘design
objectives’ in general, than to a focus on the intent to change attitudes or behaviours. Fogg (1998) has stated
that persuasion requires intentionality, i.e. intent to change attitudes or behaviours.

It was observed that the PSD model was more useful in Case 1 than Case 2, which may be due to the fact that
in Case 1 the participants had less understanding and experience of the users and use context and thus, the
participants were more open to new ideas. In Case 2, the designers had already had frequent contacts with the
potential end-users and were armed with findings from a prior field trial, and thus, their experience was more
evident when making comparisons using the PSD model.

In both Cases it was observed that some principles were overlapping, and participants found these somewhat
confusing. They also commented that there were many principles in credibility and social support categories
that overlapped. In both Cases participants doubted the efficacy of virtual rewards. They stated that
improvements in health are the best motivation for continuing the suggested behaviours and the system
should make these improvements more obvious, e.g. by providing more personalised feedback rather than
virtual rewards or praise.

In Case 2 it was identified that the application could provide more guidance, but it was difficult to include this
in any of the four categories of the PSD model. The ability to adapt was also considered to be important for the
persuasiveness of the system, but it was difficult to find a corresponding principle from the PSD model.

5. Discussion and conclusions

The aim of this study was to investigate how the Persuasive Systems Design (PSD) model can be utilised to
support the development of personal health and well-being systems. The related research showed that the
PSD model has been used in the development of BCSSs to describe the overall process, analyse the persuasion
context and design system qualities. It has also been applied in the evaluation of existing systems by providing
heuristics for expert evaluations and systematic ways to analyse user experience data. The more specific
objective of this study was to discover how the PSD model can be utilised to support the identification of
persuasive aspects in the early stages of iterative, user-centred IS development. The PSD model was integrated
into the development process by using it in the requirements analysis and concept design phases through
organising a co-creation session where a Persuasive Technology Design Canvas was used.
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It was found that where the PSD model was utilized, participants of the co-creation sessions were able to
identify more persuasive functionalities compared to their existing preliminary user requirements or designs.
This is a positive result, since the PSD model suggests that a systematically designed persuasive system has
software requirements that apply persuasion principles. It should be pointed out, however, that the large
number of persuasive functionalities does not necessarily guarantee an effective system nor the users’
adherence to the intervention delivered through the system, but the way in which they are implemented also
matters. Overall, recent studies show evidence of the effectiveness of the principles.

The most important result of the co-creation sessions was, however, the increased awareness of the features
needed to accomplish a personal health and wellbeing system that changes users’ behaviour. The earlier the
different requirements are identified and communicated to the development team the easier and cheaper it is
to integrate them into the final system.

The PSD model provides support for designing and evaluating BCSSs, but some future directions of
development of the model can be recognised. The PSD model suggests that it is important to understand the
meaning of intentionality in the persuasion process. However, the researchers’ observations showed that the
intention part of the Persuasive Technology Design Canvas was not self-explanatory for the workshop
participants. In the information systems field, the intention or motivation behind the technology is often
difficult to identify and thus there is a need to understand intentionality in a more thorough way. This issue
has been tackled in further studies of e.g. Oinas-Kukkonen (2012) and Wiafe et al. (2012). In both cases, some
principles were considered to overlap by the participants of the co-creation session, and it made them
somewhat confused. Thus, clarifications to the principle descriptions and examples would be needed. In
general, it can be mentioned that the PSD model comprises many components and it might seem to be a
complicated model when compared to some other approaches. The PSD model has also received some
criticism for being too high a level model, because it does not provide a sufficient guide to the designer on how
to perform the activities mentioned in the model (Wiafe et al. 2012). To summarize, there is a need to simplify
the process, but more guidance should be provided for the designer.

Although the PSD model proposes how persuasive systems should be developed in a very holistic manner, its
disadvantage is that it does not explicitly give advice on how to include 1) a framework or theory into the
development of the content delivered via the system, or 2) customers or users in the development process. In
practice, especially when BCSSs are developed in a health context, it is recommended that the content is based
on a theory (e.g. in case 2 ACT was used). Regarding user involvement, one of the new design practices
analysing the persuasion context states that it is important to understand the user. However, actual user
participation is not explicitly suggested although its importance has been acknowledged (e.g. ISO, 2010). In
future work, the content creation and users’ role in the design should be described at a more detailed level.

This study has some limitations. Although the research approach was a multiple-case study and thus, the study
was once replicated, it is not guaranteed that the use of the PSD model would lead to a larger set of persuasive
functionalities in every case. The scope of the project and the characteristics of the workshop participants
might influence on the results as well as the starting point where the process outcome is compared.

This study contributes to the IS field by demonstrating how persuasiveness can be built into systems. It also
specified the purpose of the PSD model; it clearly helps to identify new requirements for persuasive systems.
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ABSTRACT

Many software applications today aim at changing the behaviors
and/or attitudes of their users. Some of these persuasive systems
are targeted to support healthier lifestyles through motivating
exercise. Incorporating persuasive strategies into software
functionality may help achieve desired changes. However, as
needs for behavior change become more specialized, in-depth
knowledge of how the various strategies function is needed. This
article describes findings from a three-month-long qualitative
field trial, exploring how a training program in a new prototype
heart rate monitor promotes proper exercising. A framework for
evaluating and designing persuasive systems was used to identify
distinct strategies and techniques that were embedded into the
system. Users’ responses to these strategies were explored. The
study contributes to the body of knowledge on persuasive design
by: 1) demonstrating how persuasive techniques can be identified
in and embedded into system functionality, and 2) adding to the
understanding of how persuasive techniques function.

Categories and Subject Descriptors
H.1.2 [Models and Principles]: User/Machine Systems — Human
factors, Sofiware psychology.

General Terms
Measurement, Performance, Design, Experimentation, Human
Factors.

Keywords
Persuasive design, persuasion techniques, case study, qualitative
research, sports technology

1. INTRODUCTION

The need for technologies that influence people’s attitudes and
behaviors has been widely recognized [5,9]. One important
application domain for persuasive systems is health and wellness.
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Regular exercise has been recognized as essential to maintaining
good health [8]. The problems today lie not only in motivating
people to exercise, but in motivating them to exercise in a proper
way. The practical challenge is that even if people, in theory,
know how to exercise properly, they all too often do it in a wrong
way, i.e., by training too hard or by failing to include lower-
intensity exercises in their regimen. These kinds of behaviors may
increase the risk of injury, set back the improvement of physical
fitness and motivation due to exhaustion, boredom or lack of
progress. It should be noted that this study does not address the
definition of ‘proper’ exercise but rather presents it as an
important example of how the needs for persuasive interventions
are becoming more and more specialized. [8,10]

A range of persuasive applications supporting healthier lifestyles
have been developed over the past years. Examples include
pedometers, web-based training diaries, and mobile applications
as well as web-applications leveraging social influence (see, e.g.,
[12,14,15,19]). Despite the recognition of a variety of persuasive
techniques in human-computer interaction, relatively little is
known about how they function in real-world settings and the
distinct ways in which they influence users. Thus, we have chosen
to approach this issue in an exploratory manner as to gain in-
depth knowledge for addressing some of the open questions
regarding persuasive applications — questions such as: How do
users react to different persuasive techniques? Why distinct
techniques work in some cases better than in others? Which
techniques are generally more powerful than others and why?
This study focuses on how different persuasive strategies function
with different people and in relation to each other in the context
of exercising.

The next section discusses the motivation and background for the
study. After this, we will describe the theoretical background,
research approach and methods. Then, we will describe the
functionality of the application under examination. The final
sections will present the findings and discuss the research
implications of the study.

2. MOTIVATION AND BACKGROUND

The scope of this study is in the domain of persuasive design.
Persuasion is a social influence mechanism or a form of
interaction that aims at changing the way people think or behave
[23]. Persuasive systems may be defined as ‘“computerized
software or information systems designed to reinforce, change or
shape attitudes or behaviors or both without using coercion or



deception” [17]. Studies on behavior change through human-
computer interaction generally employ quantitative or
experimental research designs, producing knowledge about the
effects of different persuasive techniques (see, e.g., [5]).
However, according to a recent meta-analysis of randomized
controlled trials of computer-delivered interventions for health
promotion [22], physical activity was not substantially improved
by such interventions. One reason for this may be that despite the
recognition of a variety of persuasive techniques in HCI,
relatively little is known about the mechanisms by which they
function in real-world settings. That is, what are the conditions
that effect the efficiency of persuasive techniques and how do
they actually function in practice.

There are a few qualitative studies that have discussed persuasive
functionalities in practice. For example, Consolvo et al. [3]
conducted a three-week field trial of a mobile prototype, the
UbiFit Garden. They studied how users reacted to on-body
sensing, activity inference, and a mobile display that were used in
persuasive interventions. Maitland et al. [14] reported a one-week
field trial of the Shakra prototype that supported sharing activity
information and its influence on three groups of users. Both of the
examples above focused on the outcome of persuasive
interventions, whereas it is also important to understand how well
the outcomes are achieved through different techniques used.

In spring 2008, we were given the opportunity to explore a
prototype of a heart rate monitor, the Polar FT60, that includes a
persuasive training program. This particular application proposed
an interesting case as it employed a number of distinct persuasive
techniques in promoting a proper way of exercise. What
distinguishes our contribution from previous research is the use of
a systematic framework, the Persuasive Systems Design (PSD)
model [17,18] for identifying the distinct persuasive techniques
and analyzing how they function together. The three-month-long
trial conducted in this study also exceeds many others in its
length.

3. THE POLAR FT60 PROTOTYPE

This study focuses on the persuasive training program
incorporated into the prototype of the new Polar FT60 heart rate
monitor prototype. In this section we will describe the
functionality of the training program.

For the weekly training program the user can select whether s/he
wants to improve fitness, maximize fitness or lose weight. After
the user has set his/her long-term goal, the wrist unit sets him/her
weekly goals that are tailored with respect to the user’s personal
information such as age, gender, height, weight, and activity
level. The weekly goal includes time target, calorie target, and
time targets for each of several different exercising intensities (see
Figure 1, display 1). Exercise intensities defined by heart rate
zones fall into three levels: low, moderate and high intensity. By
mapping heart rate information to intensity zones, the system
aims to help the user understand the quality of his/her workouts.

Each of the intensity zones has their benefits. As an example,
training in the light intensity zone helps in weight management
and improves endurance, whereas training in the hard intensity
zone increases maximum performance capacity. The program is
structured so as to promote an appropriate relative amount of
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exercise on each of the target zones on a weekly basis. This is
believed to promote a proper way of exercise [8].

Figure 1: Intensity targets and exercise summary

During the exercise, the user can monitor a variety of data such as
heart rate, calories, intensity zone, week target, speed, distance,
and time of the day. After training, the program gives him/her
summary feedback which includes, e.g., the time spent in
different intensity zones in relation to the weekly target (see
Figure 1, display 2), calories, average/maximum heart rate,
average/ maximum speed, distance, and verbal feedback on the
effect of the exercise such as “fat burn and fitness improving” or
“maximal perform improving” (see Figure 1, display 3).

The weekly follow-up functionality presents displays comparing
achievements with weekly targets in terms of training duration,
expended calories, number of training sessions, and time spent in
different intensity zones. It also provides training guidance for the
next starting week, such as “train much less in zone 3” or
“recovery week”.

Figure 2: Weekly system feedback and reward

Every week an envelope appears on the wrist unit display,
indicating the availability of weekly results and system feedback
(see Figure 2, display 1). The training program tells how well the
user has achieved his/her weekly targets. It also helps in
interpretation of the results by giving verbal feedback such as
“excellent!”, and “well done!” (see Figure 2, display 2). If the
match between user’s behavior and the weekly targets is high
enough, the training program rewards the user with stars or a
trophy. These awards appear as an icon on the display (see Figure
2, display 3).

4. ANALYZING SYSTEM FEATURES
WITH THE PSD FRAMEWORK

A relatively well-known conceptualization for the persuasiveness
of information technology is Fogg’s [5] functional triad. It
suggests three persuasive roles for computer technology (tool,
media and social actor), as well as several persuasion principles.
However, it has been built to understand the different ways to



persuade through technology rather than as a theory for designing
and/or evaluating persuasive systems [4].

Oinas-Kukkonen and Harjumaa [17,18] have presented a
conceptual framework for designing and evaluating persuasive
systems, known as the Persuasive Systems Design (PSD) model.
It presents seven underlying postulates behind persuasive
systems, and lists and categorizes persuasion techniques. The
framework will be applied in this study in identifying the
persuasive techniques that were incorporated into the training
program. It will also be used to guide the analysis’ of use and user
contexts.

The PSD model encourages to analyze the use and user contexts
of the application. Analyzing the use context focuses on what
information is relevant for a user in a given situation, whereas the
analysis of the user context stresses that also the larger contexts in
a user’s life may be considered (e.g. pre-existing attitudes,
persistence of change, cultural factors, or social anchors).
Moreover, the framework helps to identify those persuasive
techniques that have been incorporated into the system under
investigation. The Persuasive Systems Design framework [17,18]
presents 28 persuasion techniques or principles which are grouped
under four categories. Principles in the primary task support
category focus on carrying out the primary task. The principles in
the dialogue support category support the interaction between the
user and the system in such a manner that it helps users keep
moving towards their goal or target behavior. The principles in
the category of system credibility support describe how to design
a system that is more credible and thus more persuasive, and the
principles in the social support category describe how to design
the system so that it motivates users by leveraging social
influence.

By using the PSD framework [17,18], we were able to identify the
behavior modification strategies that were embedded into the
functionality of the training program. The framework was used to
guide our analysis and structure the findings. Three principles
related to supporting the primary task, four principles related to
supporting system-user dialogue, and three principles related to
supporting the system credibility were recognized. We were not
able to study techniques related to the category of social support
because the system did not support communication between users
through designated functionality at the time of the study.

4.1 Primary Task Support

The primary task is the user’s real-world task or activity (target of
behavior change) that the system under investigation is initially
designed to support. In this case, the training program supports
the user’s primary task of proper exercising in several ways.

First, it applies the principle of reduction to lessen the effort that
users need to invest in planning and carrying out the right kinds of
exercises. The program provides easily executed weekly goals
based on expert knowledge in physiology and sports medicine.
This makes it easier for the user to carry out his/her exercising
regimen and improves the cost-benefit ratio of the target behavior.
Second, the personal training program is failored with respect to
the user’s personal information such as age, gender, weight and
heart rate information as well as the long-term goal that the user
has set for the training program. Tailoring makes the program
more appropriate and personalized for an individual user and thus
more persuading. Finally, the system supports self-monitoring in
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that during the exercise the user can monitor his/her own exercise
information and change current behavior according to it. After the
exercise the program gives feedback which helps the user to
change his/her plans for the following exercises that week. The
weekly follow-up helps the user to evaluate his/her progress
compared to past weeks and to plan future weeks.

4.2 Dialogue support

The training program also incorporates features which support the
dialogue between the user and the system. The program praises in
several ways, for example by giving positive verbal feedback
after each exercise such as “Maximal performance improving,” or
through weekly feedback, e.g. “Excellent!”, “Well done!” The
program also rewards the users if they have reached their goals in
an excellent manner. Rewards are in the form of one to three stars
or a trophy that appear on the user’s wrist unit display. An
envelope on the wrist unit’s display reminds to re-check the
results of a past week’s exercises, which helps the user follow
his/her progress on a regular basis. The training program adopts
the social role of a “personal trainer” by giving verbal,
personalized feedback and guidance based on users’ actions. By
doing so, it attempts to imitate human communication. Thus, the
user may regard the monitor as a social entity and therefore
regard its advice as more persuasive.

4.3 Credibility Support

In addition to functional reliability, factors that contribute to the
credibility of the training program are either emergent in the
manufacturer’s brand or embedded into the industrial design of
the product. The “Polar” brand in this case is assumed to
communicate trustworthiness and expertise through a history of
high-quality products, and a position as a market leader as well as
through grounding its product solutions in scientific research. The
research is conducted in Finland, where the Polar brand is
generally well-known. It is further assumed that users know that
the information offered by the training program is based on expert
knowledge in physiology and sports medicine. Therefore we
suppose that the user will regard the information as showing
expertise. The industrial design of the product may leverage
surface credibility by establishing a distinct style. Surface
credibility, as opposed to earned credibility, is related to the way
the system appears or looks. Its impact is believed to be helpful in
the early interactions with the system, when earned credibility has
not yet been established. For example, if people simply like the
way the product looks, they may associate its appearance with
quality and credibility even if they have not used it yet.

The propositions above relate to the key functionalities of the
training program. In theory, incorporating such functionalities
into the design of an artifact should increase its persuasiveness. In
this study we identified several factors that played a role in
determining the effectiveness of these persuasive functionalities.

5. METHODOLOGY AND PARTICIPANTS
This research is exploratory and interpretative in nature as our
aim is to understand how different persuasive techniques function
together in real world settings. We employed a qualitative,
longitudinal multiple-case study approach where the unit of
analysis was an individual user. We studied a total of 12 users,
and by taking all the cases together, we were able to establish a
deeper understanding of the phenomenon of interest. We studied



the users over a period of three months. The methods used for
data collection and analysis included group interviews, participant
diaries and observation, as well as qualitative data analysis
techniques, such as interpretative content analysis. [1,11]

In order to focus our data collection and the interpretive process,
we used the PSD model [17,18]. The main purpose of the
framework was to help in identifying the key issues for
investigation and set the focus of the data collection. A formal
recruitment procedure was carried out to select the participants.
Volunteers could apply by submitting an application form that
was used for screening participants. We received a total of 30
applications, based on which we selected 12 applicants to
participate in the study. In the selection process, we applied the
strategy of purposeful intensity sampling [20]. Using criteria
provided in prior market studies as guidance, we formed a sample
exemplifying the product’s target users. The sample expressed
diversity in terms of age, gender, professional background and
training preferences. For example, if there were three applicants
of the same age and gender, we selected the one that contributed
additional diversity to the whole sample in terms of his/her
professional background, motivation or training preferences.
Applicants that expressed a risk regarding either the interpretation
process (e.g. applicant being familiar to the researcher) or the
ability to commit to the study (e.g. inability to fill out the
application with care) were excluded in order to manage the risk
of drop-outs or biased interpretations.

Data were drawn from four sets of questionnaires (total 48
questionnaires), four semi-structured group-interviews, 12
contextual inquiries and three sets of diaries (total 36). Group
sessions were carried out monthly, i.e., one at the beginning, two
during the study and one at the end. At the beginning of each
group session the participants filled out questionnaires that were
used for collecting phase-related data as well as data that would
illustrate changes in user perceptions regarding their exercising
and the system at various points of the study. Each group session
was followed by a three-week-long self-documentation period
when the participants used the technology in their daily lives and
filled in diaries on a daily basis. The diary booklets contained
both structured and open-ended questions. A set of questions on
the left-hand pages were asked each day in order to capture data
on how the participants carried out their exercise regimen and
related daily experiences. The right-hand pages were reserved for
open-ended questions that tackled users’ attitudes and
experiences. Some questions would be presented on specific days
and some would be repeated periodically. For example on
Mondays, when the heart rate monitor displayed the weekly
summary report to the user, a question about the feelings and
thoughts it evoked would be asked in the diaries. During the study
each participant was also individually observed and interviewed
using the technology in real-world settings. These sessions were
approximately 1,5 hours each and they were conducted applying
the principles of contextual inquiry [2]. The inquiries were carried
out either at a gym when the participant was performing a
workout or by participating his/her light run or jog

All interviews were recorded and professionally transcribed.
Through the diaries we would also become aware of injuries,
flues and special events that in some cases influenced users’
regimen and their reactions to the product. The iterative
interpretative analysis process was carried out by two researchers
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and supported by observations and notes from the contextual
inquiries. Group interviews and contextual inquiries functioned as
valuable data sources for understanding users’ broader life
contexts.

All participants were already active in sports. Participants’
primary goals for exercising were to maintain and improve their
fitness. For example weight loss was not reported or observed to
be a significant issue among more than two of the participants.
The main reasons for using a heart rate monitor were to sustain a
regular exercising regimen, train more efficiently, curiosity,
having a tool for self-monitoring and to find extra motivation. All
participants were thus exemplary of the pre-defined target group
of the product. This was further confirmed during the first group
interview when the majority of them stated that they were about
to purchase a similar product at the time when they found out
about the study. Only four of the participants had no prior
experience of heart rate monitoring technologies. Seven of the
participants were female and five were male. The participants
were between ages 23 and 40. All participants reported training
approximately three to five times a week with a history of regular
exercising. The users’ most common exercising activities
included jogging, cycling, and indoor exercise such as gym
workouts or group exercise classes. Other activities included
inline skating, dancing, and floor ball. Basic skills regarding
everyday IT (e.g. PC/laptop, mobile phone, digital camera) were
well established.

6. FINDINGS

We will now present our findings by following the structure of the
framework. First, we will provide an account of the use and user
contexts after which we will describe users’ reactions to the
different persuasion techniques.

6.1 Analysis of the Use Context

In this study, the user is both the persuader and the persuadee,
because heart rate monitors would be considered as autogenous
technology that people use in order to change their own attitudes
or behaviors [5]. The wrist unit’s, i.e. the channel’s, training
program presents a persuasive message — the user should change
the way s/he performs exercises. The use context is challenging
for persuasion, because during the exercise there may be external
distractions, rapid display of information and messages, limited
time for information processing, physiological arousal from
exercising, persuadees’ physical posture (for example during
body workouts), among others, which all decrease substantive
message processing [21]. This may have a negative effect on the
endurance of the behavior change, because careless message
processing would more likely create an indirect route to
persuasion, which is less enduring than the direct route [17]. A
direct route to persuasion usually requires that the user has time to
carefully read and understand the message, which is unlikely in
exercising situations. However, it was found that the exercise
information was presented simply enough so that users could
easily see their intensity zones, for instance, and they could slow
down or speed up respectively. It was also discovered that the
training program actually provided users with most of its
feedback when they had time to read and reflect on it. The use
context analysis suggests that the prevailing conditions during
system use are favorable for behavior change.



6.2 Analysis of the User Context

The users were motivated to exercise and their reasons for
exercising were often intrinsic. The group meetings revealed that
three primary reasons for exercising were on average: 1) feeling
of enjoyment, 2) staying healthy or improving health, and 3)
staying fit or improving fitness. The aim for using the system was
not to keep the weight under control, to lose weight, or to improve
one’s look. Neither have there been any significant changes in
these during the course of the study. According to the users” own
opinions, they knew how they should exercise. However, they
admitted that they didn’t always exercise according to their best
knowledge. When users’ lifestyles and their impact on exercise
behavior was studied, it was found that although they may have
known how they should exercise, they had to make compromises
and conduct cost-benefit analysis due to their current life
situations. For example, work, family, and hobbies quite
understandably limit the time they have for exercising. This is one
of the conditions that drove towards unhealthy choices in
exercising. People are also tempted to carry out high-intensity
exercises over lighter ones. A reason for this may be that as a
result of a high-intensity exercise (even a short one) users may
experience an instant gratifying sensation, for instance, shortness
of breath, or sweating that they interpret as signs of effectiveness.
The problem with lighter exercises, such as flexibility exercises,
is that their benefits will show only after a longer period of time.
These findings were derived mainly from user observations but
they were also reinforced through the diaries and the surveys.

6.3 Reactions to Persuasion Techniques
In the beginning of the study, the users went through a short
“running-in” phase when the following of a new kind of guidance
obtained from the training program was regarded as challenging.
As one of the users stated at the early phase of the study:

Ul12: “It [the heart rate monitor] tries to give you advice,
but when you’re a tough nut to crack you just don’t
get it. It is really good though that at least someone

tries to give advice.”

Some users also felt that it was difficult to train on lighter
intensities as they had been used to training more intensely.
However, after participants had been using the training program
for two weeks, eight out of 12 carried out the suggested amounts
of exercises and followed the three intensity zones. They changed
their actual behavior during the exercises and also started to plan
their exercises in a new way. The behavior changes are described
in detail in following paragraphs and they are categorized by the
ten identified persuasion techniques. Over the course of the study
it was found that all users responded positively to eight out of the
ten techniques. These techniques are, in the order of their relative
strength, the following: self-monitoring, reduction, reminders,
trustworthiness, tailoring, social role, expertise, and surface
credibility. The impact from applying these principles was fairly
consistent, whereas responses towards praise and rewards varied
by user. In some cases praise and rewards outperformed some
other techniques but their impact was not consistent across all of
the cases. We will first describe users’ reactions to the first eight
techniques and then we will tackle the different ways in which
users responded to praise and rewards.
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Self-monitoring: The training program helped users to track their
performance during and after exercising as well as tracking it on a
weekly basis. It was motivating for the users to monitor their
exercise information, because based on that information they were
able to change their behavior during the exercise and thus
improve the quality of their exercise.

U10: “T follow it more closely than before, like also
during the exercise, to see that my heart rate
doesn’t always raise all the way up to the third

level and even above...”

They also found the exercise information intrinsically rewarding.
The functionalities that applied the principle of self-monitoring
appeared to be the most meaningful for people — in fact, the
principle of self monitoring was also underlying the praise,
reward and reminder functionalities. All of these were in a way
means of presenting information that users monitored about
themselves. This is one example of the overlapping nature of
persuasive techniques. It also emphasizes the interdependence of
the principles.

Reduction: The training program reduced the cost-benefit ratio of
the behavior by giving exact amounts how much users should
exercise. Exercise amounts were seen as weekly challenges set by
the system and users felt obligated to achieve them. Many of them
said that they have to do the missing exercises on the last day of
the week only because of the pressure they felt due to the
program’s suggestion. Users commented:

Ul:  “On Sunday I still had to go jogging to get that last
half an hour! [to meet the weekly targets]”
U2:  "Now I watch the heart rates and the amounts [of

time in intensity zones] and try to plan my
exercising so that the targets of the training
program will be met.”

Reminders: The system provided users with a weekly summary
feedback that became available each Sunday at Midnight. This
was indicated with an envelope symbol on the top right corner of
the heart rate monitor display. All users checked their weekly
feedback and suggestions regularly. As they learned that they
would get the summary feedback at the same time every week,
they begun to get excited and expect for it. Thus, over time the
reminder in a way transformed into a reward. The weekly
summary feedback was perceived more useful than the system
feedback after each exercise. This is probably because there was
more variation in users’ weekly performance as opposed to
among their individual exercises in short term. Users’ would also
be able to see the direction of their overall development from
these weekly system feedbacks.

US:  “The feedback influences my planning, I'm
planning on exercising more this week than the last
and in a higher intensity. It’s easier to plan my
training with the feedback and maybe that’ll show
later in my fitness level too!”

Trustworthiness: All participants regarded Polar as a quality
company and a trustworthy source of information. When
participants were asked whether the information that the product
presents is truthful, fair and objective, ten out of the 12



participants agreed, agreed strongly or somewhat
Trustworthiness was also apparent in user comments:

Uo9:

agreed.

“I have this sense of trust that Polar represents
professionalism to me and I think that it’s high-
class and high-quality. I could utilize a running
program given by [Polar].”

The main influencing factor for this result may be that the study
was conducted in Finland, where Polar is generally well-known
and considered as a high-quality brand. Many of the participants
in the study had also used Polar products before, and none of the
participants were unaware of the company behind the product.
However, this may not be the case in all cultural contexts and
thus, the influence of system features and characteristics that
support the perception of trustworthiness or a trustworthy brand
should be investigated.

Tailoring: Users did not respond to tailoring directly, but it was
found that tailoring and credibility are closely related. Users were
more motivated to follow the training program, because they
knew that it had been tailored with respect to their personal data.
Because of this, they perceived the system as more credible.
Tailoring makes the instructions more relevant for the user and is
at the same time a contributing factor to the functionality of
techniques in the credibility support category.

Social role: Users were asked about the potential social role of the
training program. It was perceived in three different ways: 1) as a
personal trainer (instructor, coach) that guides and instructs, 2) as
a friend (exercise buddy) that spurs to exercise, cheers, and
records, or 3) as a caddie (sparring partner). Many users had a
conception of the heart rate monitor as a social entity, which
became quite clear from the way they spoke about it.

U3:  “It’s kind of both: in a way it’s a teacher that
guides and gives advice and in a way it’s a

companion that encourages me to exercise.”

U8:  “It’s a training buddy that cheeres and encourages
me to exercise and at the same time keeps track of

my training.”

Their positive beliefs about the system, their positive expectations
towards the study, and the attractive appearance of the wrist unit
for their part may have influenced their thinking. Based on the
users’ comments, it seemed that women were generally more
prone to personification of the device compared to men.
Personification was reinforced through the dialogue: the training
program sets a challenge, the user exercises, and the program
again gives feedback. For example:

U3:  “So, it just said ‘train less on zone three’ and I'm

like, okay, I’ll try.”

Expertise: When users were asked whether the product shows
expertise, two of 12 agreed somewhat, and eight of 12 agreed, or
agreed strongly. Users followed the training program although in
the beginning they sometimes questioned the advice given by it.
Some of them felt that it gave too little time for higher-intensity
exercises and too much time for lighter exercises. However, they
also mentioned that the system knows better how they should
exercise than they do. It is difficult to determine, whether
expertise was promoted by means of actual product functionality
or if it was rather leveraged through Polar’s marketing efforts.
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U8:  “I would trust the program [in the heart rate
monitor] more, because I know that it’s put into the
system [by experts]. Experts know and I can make

mistakes.”

Surface credibility: Two versions of the product were utilized in
the study, one designed for males and one for females. The female
model was perceived as “stylish”, and “futuristic” by most, but
the male model also raised some negative opinions, e.g., by
looking even “cheap” and “old-fashioned”. It was found,
however, that this did not significantly affect the perceived
overall credibility of the product. It merely decreased the
product’s likeability in some cases. Supporting perceptions of
expertise and tailoring content compensated this. It was found
that users’ familiarity with the brand and experience using the
system (earned credibility) would dominate over appearance in
leveraging credibility. Thus, surface credibility in this case was
not as critical a factor even at the beginning due to the users’ pre-
existing conceptions about the brand associated with the system.
This, however may not be the case when appearance as an explicit
characteristic of the system is the only way of communicating
credibility through the early interactions.

Praise: Some users found praises and other verbal feedback
insignificant for their motivation, while others really liked them.
Especially in the beginning of the study several users found the
verbal feedback interesting and thought that it was fun to see a
heart rate monitor “speak” to them. However, in most cases the
effect wore out over time. Some of the users felt that they were
mainly intrinsically motivated and they would not consider the
verbal system feedback and praise as additionally motivating.

U9:  “It doesn’ really give me any extra motivation. |
already have enough motivation in me, but it’s
more like a tool for observation and self-

monitoring.”

Ul2: “T haven’t had any problems in terms of being
motivated. I’m pretty much motivated intrinsically,
so the feedback doesn’t really add anything to it.
That’s why I’'m more interested in the intensity
zones, knowing how much I've trained in zone one,
two and three, and how much time I’ve spent on
each and when.”

After some time, several users found that the comments repeated
themselves and were too trivial. In some cases this aroused
negative feelings and may even have decreased the perceived
credibility of the system. We observed that many users would
have liked to receive more constructive feedback over time rather
than praise only.

U5:  “It could be more critical, whereas now its like,
what ever you do it always tells you that something

is improving.”

Many users were fairly critical about their own performance.
When their own opinion was not in line with system feedback it
made them wonder whether it was credible. That is, they
questioned the system’s ability to critically assess their
performance even though they would at the same time still trust
its measurement and reliability.



Rewards: There was variation in users’ attitudes towards
virtual rewards. In general, the wusers’ intention in
exercising was not to gain rewards, and, for this reason,
most users did not perceive rewards as essential.

Ul:  “I don’t necessarily train to get a trophy, but as
long as the time target is met and how much I train

on each target zone.”

Although rewards were not essential to persuasion in general
terms, they in some cases appeared to be powerful as an addition
to other persuasive techniques in the process of directing users
towards the desired behaviour.

U4:  “Yes I have [tried lower intensity zones].. because
it only gave me stars when I was not [training
lightly enough]. T don’t want the stars, I want the

trophy...”

Two users thought getting the rewards was a fun game-like thing.
They would also compare their achievements through the rewards
at the group meetings. This shows that virtual rewards may act as
communication tools for social interactions around training and
for comparing otherwise subjective or relative goals and
achievements.

Rewards were also a way to give feedback to users. They seemed
to be quicker and easier to understand than numerical
performance data. The type of reward was an indicator of the
quality of the improvement. It included a message, such as:
“You’ll get only one star, because you shouldn’t exceed your
personal exercise limits on intensity zone three”. In a way,
rewards helped to analyze one’s own exercising behavior. If
rewards were treated as a way of presenting information, they
could also be regarded as a form of reduction by making the data
interpretation process easier for the users.

7. DISCUSSION

Exercise behavior change is a challenging goal for any persuasive
system, because the persuasion situation is rather unstable during
the exercise and interaction with the product is scattered over the
course of the activity and occur at irregular intervals. However,
our use context analysis demonstrated that the interaction
techniques and information presentation that were used in this
heart rate monitor were simple enough to influence user’s
behavior even during the exercises. The user context analysis
showed that exercising in the right way is a common challenge for
people who are otherwise active in sports. Two main reasons for
exercising in the wrong way were found to be linked with one’s
life situation, which is more or less natural, and the instant
positive sensation that one may get after even a short high-
intensity exercise. Planning and carrying out new multitudinous
exercises takes more time than repeating the old monotonic
exercises, and people have to make compromises.

Some functionalities of the training program were effective in
general terms and eventually influenced the behavior of almost all
users (10 out of 12). These include: 1) the weekly goals set by the
training program, 2) tracking performance during and after
exercising as well as tracking it on a weekly basis, 3) the adoption
of a social role, such as a caddy, and 4) overall perceived
credibility, which was influenced mainly through the
manufacturer brand and in some cases the industrial design of the
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product. However, for some people having the combination of
different functionalities was important. As an example, short term
verbal system feedback via praise and rewards influenced
behavior change for some people but not for all. We also found
that rewarding a user for performing the target behavior does not
always require a virtual reward, such as a trophy, but instead
tracking performance is rewarding in itself and virtual reward
merely represents an image of the improvement.

It has been found previously that specific, difficult goals
consistently lead to higher performance than simply urging people
to do their best [13]. It is much easier for users to catch specific
instructions, such as “exercise three hours”, instead of non-
specific instructions, such as “you should exercise more than
before”. People also need feedback from the system that reveals
progress in relation to their goals in order to adjust their effort to
match what the goal requires [13]. The importance of system
credibility and trust has been well recognized in earlier studies.
For example in online commerce, consumer trust has been found
as important for success as perceived usefulness and perceived
ease of use [6]. In our study, users perceived the system to be
more knowledgeable than they themselves, which had a
significant influence on their use behavior. At least to some
extent, the mixed results concerning trophies and stars may be
explained by the fact that some people find it hard to read
technical or overly quantitative messages. For them it may be
quicker and easier to see the reward as a sign of their
improvement instead of spending time to interpret quantitative
data [21]. Also while exercising there may not always be
sufficient time for interpreting quantitative or “unprocessed” data.
We also found a distinction between credibility and reliability in
this study regarding exercise data and system feedback. Even
though some users would not always feel that verbal feedback
from the system was credible, they would still trust its ability to
provide reliable data on their exercising.

For practitioners and designers, our results suggest that leveraging
goal setting, tracking performance, adopting social roles, along
with a high overall perceived credibility influences user behavior.
Short-term verbal system feedback via praise and rewards may
provide additional support in persuading some people. It was also
emphasized in the results that even if the product is designed for a
homogenous target group, small individual differences between
users may weigh in persuasion. It is safer to select a set of
persuasion principles and use them together than rely on one
principle only. On the other hand, it should be noted, that the
persuasion principles are inter-linked. The effect of persuasion
principles may be “more than the sum of its parts”. As an
example, offering tailored information to a user may have a
positive effect on system credibility whereas repeating rather
trivial praises may have a negative effect on system credibility.

The studied persuasive principles were /imited to the design of the
particular product that was under investigation. As researchers we
did not participate in the design process. With the selected
approach we were not able to strictly isolate the influence of the
distinct principles from each other. In qualitative research, results
are always at least partially subjective in spite of the results being
scrutinized under a thorough analysis. The results help recognize
further research directions. It would be worth studying how users’
pre-existing attitudes effect their “openness to persuasion”, i.e.,
willingness to change their behavior and what this means for



persuasive design. Regarding sports and exercise, some people
have deep-seated attitudes that they have learned over a long
period of time [10]. Trying to influence these kinds of attitudes
may cause resistance to persuasion. Another interesting question
would be the meaning of social support for exercise behavior
change. Within the sports domain, user motivation through
persuasive systems would earn more research. It would also be
interesting to study whether positive system feedback would be as
important for intrinsically motivated people as it might be for
extrinsically motivated people.

8. CONCLUSIONS

Practical means to promote behavior change in exercise domain
were presented in this paper. The training program under study
incorporated ten distinct persuasive techniques and each
implementation into system functionality was described. A field
trial was conducted in order to understand how these techniques
functioned in practice. The findings show that some
functionalities of the training program were generally effective
and had influence on behavior change of most users whereas
some of them had effect only on some people. The most
motivating features of the training program were the weekly goals
set by the training program, tracking performance during and after
exercising as well as tracking it on a weekly basis, and the
adoption of a social role of, e.g., a caddy. The overall perceived
credibility was mainly influenced through the manufacturer brand
communicating expertise and trustworthiness. Short-term verbal
system feedback via praise and rewards also appeared to be very
powerful in some cases. We want to emphasize that persuasive
strategies should be used systematically and in appropriate
combinations. Further research should be directed into how
various persuasive techniques function in different circumstances,
for different user groups and most importantly, in various
combinations.
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Abstract

Purpose — The purpose of this paper is to analyse the adoption of a multimodal medication management
system (MMS) targeted on older people and home care professionals. The paper aims to describe
the expectations of the system and the user experience findings from an empirical qualitative field trial.
The field trial results are used to discuss how MMSs should be designed in order to improve adherence to
medications.

Design/methodology/approach — The paper suggests that building a multimodal medicine management
system targeted on both older users and home care professionals brings many benefits over electronic
medicine dispenser systems or general reminder systems. The research process uses an iterative
prototyping approach including phases of requirements analysis and concept design, prototype building
and evaluation in a field trial.

Findings — The study demonstrates how a system that merely satisfied users during the prototype building
phase does not necessarily succeed as well as expected in the field trials. It would be important to consider
reasons for medication non-adherence and non-technology factors influencing willingness to adopt new
assistive devices in order to promote diffusion of new MMSs at home. The paper also discusses how the
different persuasive functionalities of the system addressed patient-centred factors influencing non-
adherence and how they could be addressed.

Research limitations/implications — This study has some limitations. The actual adherence to medications
was not measured. However, in the future, it will be important to study how the MIMSs influence medication
adherence. Also, the user experiences of the home care professionals were not studied in the field trials.
Home care professionals who were involved in the user studies and trials merely estimated the value for their
patients and not for themselves.

Originality/value — This paper analyses design issues relevant when designing systems to help older
people manage their medications.

Keywords Assistive technologies, AAL, Health behaviour change, Home technology,

Medication management, Reminders

Paper type Research paper

1. Introduction

Over the last century average life expectancy in western countries has increased enormously,
while birth rates have declined. For these two main reasons the population is ageing rapidly.
This demographic change has both economic and social implications, which force us to
re-consider traditional models of delivering care. It is expected that more and more services will
be delivered to homes, where people can live independently, supported by their relatives and
social- and health-care services. Home care is more cost-effective than institutional care
(Tang and Venables, 2000) and it also reflects the wish of many older people (Hammar et al.,
2008). Ambient assisted living (AAL) environment aims to provide personalised services and
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health care for older people. It integrates various assistive devices with elements of smart
homes, and tele-health services (Robert Savage, 2009). However, diffusion of assistive home
technologies has proceeded slowly and the majority of the solutions have not been able to
achieve notable social or business benefits (Eberhardt et al., 2010).

Difficulties in medication management are one factor to add to care needs in the home
environment. Compliance with a drug regimen is a major problem, particularly for those older
people who live alone, are confused, have poor vision, impaired manual dexterity or a failing
memory (Ryan, 1999). Studies have shown that older people manage their established
medication routines quite well, but introducing a new drug into the regimen or changing a
schedule can be problematical, because it is demanding cognitively (Beckman et al., 2005).
Other reasons for not following instructions are the extent to which drug regimens interfere with
daily life, a lack of understanding or misinterpretation of the instructions, complex drug regimens
and forgetfulness (Ryan, 1999). Even though regimens for preventing and treating chronic
conditions have been repeatedly shown to slow the progression or even reverse the course of a
disease and prevent morbidity and mortality, many patients repeatedly fail to adhere to regimens
(Vlasnik et al., 2005). Review of medication compliance has shown that the overall rate of
compliance with prescribed regimens is 71+17 per cent (range, 34-97 per cent), and
compliance is the lower the more dose regimens there are. Dose-timing measures assessing
whether the doses have been taken within an appropriate time showed that the average overall
dose-timing compliance rate has been 59+24 per cent (Claxton et al., 2001). It has been
estimated that poor adherence to medical therapy may account for as much as $300 billion in
unnecessary health care expenses a year (Vlasnik et al., 2005).

Interventions to help older people adhere to medication regimens basically fall into two categories:
external cognitive supports involving the mechanics of medication delivery, and educational
strategies. They may also combine elements from both (Higgins and Regan, 2004). Compliance to
medication and medication management can be technologically assisted by means of electronic
medicine dispenser systems or generic reminder systems (Costa and Doughty, 2009). The
medicine dispenser systems include a number of compartments for each day of the week, and the
person is reminded by the alarm to take their medication at the right time. Some of these include a
radio transmitter to enable connection to a remote monitoring centre if the medication has not been
removed from the container. Generic reminder systems are used to set, manage and deliver
electronic reminders and notifications (McGee-Lennon et al., 2011) and are suitable also for general
purposes, such as reminding people about daily tasks, weekly activities and more occasional
events (Costa and Doughty, 2009). In addition, the reminder functionality of alarm watches, pagers
and alarm clocks can be used as memory support. However, their basic functionality is limited to
reminding people and not providing support in the medication management process. Also, they
rarely provide support for the care process of a professional carer and other issues relevant in
medication management, such as expiry dates, information about side effects and monitoring of
medicine taking. This kind of solutions, including support for professional carers, could be adopted
more quickly, as their use can also lead to easily calculable financial benefits in the form of more
efficient care, and not only to easier medication management on the individual level.

Behaviour change support systems (BCSS) provide content and functionalities which engage
users with new behaviours, make them easy to perform and support users in their everyday lives.
A BCSS can be defined as “a socio-technical information system with psychological and
behavioural outcomes designed to form, alter or reinforce attitudes, behaviours or an act of
complying without using coercion or deception” (Oinas-kukkonen, 2010). BCSS are often
designed to promote health and wellness. As an example, technology could play a role in
convincing, stimulating or motivating users to engage in healthy behaviours (De Kort et al., 2005).
BCSSs have been proposed to offer benefits also for ageing users, such as motivating healthy
behaviour as people age (Intille, 2004). Persuasive gerontechnology has been introduced by
stating that persuasive technologies should not be designed only for younger people, but they
could offer great value for the ageing population as well (De Kort et al., 2005). However, persuasive
design has not yet aroused much interest in the field of assistive home technologies.

This study describes a new assistive medication management solution for older people and
home care professionals. The aim of this study is to develop and validate a multimodal medicine
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management system for older users and to explore users’ expectations of the system as well
as user experiences, and also to understand how its persuasive functionalities address
non-adherence. Understanding user experience is important, because although health
applications designed without understanding a person’s underlying expectations, attitudes
and experiences may lead to a usable product, it is one that is not necessarily acceptable
or integrated easily into a person’s daily living behaviours (McGee-Lennon et al., 2012).
The discussion on persuasive functionalities leads to implications for how systems might be
designed to better help older people to manage their medications.

2. Research setting

2.1 The research process and methods

The development process of the Personal Medicine Assistant (PMA) consisted of the following
iterative phases:

m requirements analysis and concept design;
m prototype building; and
m evaluation of prototypes.

In the requirement analysis and concept design phase, user requirements were collected
through exploratory work which aimed at constructing scenarios on how Near-Field
Communication (NFC) technology and mobile applications could support visually impaired
older people in their daily medication processes. NFC makes it possible to write and read data in
tags, which can be attached to medication packages. As a result, two alternative scenarios were
created: a “talking” medicine package providing medicine information, and a computer-based
medication management system (MMS). These two scenarios were based on discussions,
workshops and concept evaluations with technology providers, professional caregivers,
representatives of associations of the blind, pharmacy professionals and older visually impaired
people. The concept development process and the medicine package concept are described in
earlier publications (Isomursu et al., 2009; Harjumaa et al., 2011).

In the prototype building phase, the first initial version of the PMA was built, and it was
evaluated in co-design sessions regarding its expected ease of adoption, ease of use and
performance. The objective of the co-design sessions was to understand users, tasks
and the environment in which the system will be used. In both evaluations, semi-structured
interviews with open and closed questions were used as a data collection method. The first
co-design session was held in August 2010 when five home care professionals participated in the
evaluation of the prototype. Their average age was 51 years and their technological experience
was limited to using mobile phones. They control the medication taking of independently living
older people, and thus their expertise was needed to evaluate how well the system would fit into
their existing medication management practices. The second co-design session took place in
September 2010, when six older people, whose functional capacity was good and who mainly
managed their activities of daily living by themselves, participated in the evaluation of the
prototype. Their average age was 70 years and they were highly educated. Their technological
experience was quite good since they used mobile phones, digital cameras and computers.

In the evaluation phase, the PMA was evaluated in short field trials. The objective of the field trials
was to explore the ease of adoption, ease of use and performance of the system in real-life
settings. In both trials, semi-structured interviews with open and closed questions were used as a
data collection method, and people’s real medication plans were entered into the system. The first
field trial was held from October to December 2010, when the system was evaluated in a two-
week field trial with four older people who live at a care centre and have assistance available,
because the participants did not have much previous experience from technology, although they
were familiar with tele-assistance services. Their average age was 80 and they were not highly
educated. All of them had problems with their eyesight and they took medicine at least twice a day.
Three of them managed their medications independently; only one needed help from his son.
Nobody felt that they had problems with medications, such as forgetfulness or drugs confusion.
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After these first trials some technical issues were detected and resolved, with the aim of building
a much more stable second version of the prototype which was used in the next field trials.
The second field trial was held from March to July 2011, when the system was evaluated in
trials which lasted three weeks per person. Participants were four older people who lived
independently in their own homes except for one who lived with his nephew; they were not as
frail as the participants in the first trials, so they did not need assistance in using the system.
Their average age was 80 and they were not highly educated. They did not have much earlier
experience from technology, but they were familiar with tele-assistance services. Only one used
a pill dispenser because they managed their medications with the usual medicine packages.
All said that they did not have problems with drug recognition or remembering. In this second
phase of the trials the aim was to test the usefulness and ease of use by final users in their
homes, with a short training session but no support.

The qualitative data from the evaluations was reported and analysed. Since the system
leveraged new and innovative interaction paradigms, users’ responses to the multimodal
interface and its combination of graphical, touch and audio components were at the focus of the
analysis. Also, the user experience findings were analysed from the persuasiveness point of view
in order to understand how its persuasive functionalities address non-adherence. Ideas for
future development were identified, presenting how persuasive functionalities could be used to
tackle different patient-centred factors in non-adherence.

2.2 The Personal Medicine Assistant

The PMA is a multimodal reminder system which reminds its primary end-users to take their
medicines, supports them in the medicine taking process, and provides medicine information
and personalised feedback. For home care professionals, the PMA provides an opportunity to
monitor medicine taking. The persuasive features of the PMA are described as follows (the
persuasion principles are in Italics).

2.2.1 System description. The system is based on basic off-the-shelf equipment. The main
components are an Asus Eee tablet PC T91MT with an 8.9-inch touch screen, a Verbio TTS 8.0 text
to speech synthesiser application, an external NFC reader/writer device by Feig Electronics (model
ID CPR40.30), and regular medicine packages tagged with NFC labels. Three kinds of tags were
used, but they differed only in their external shape. All the tags are Mifare Classic 1K and operate
under the ISO 14443-A standard. The selected NFC reader/writer device supports multiple types of
tags which use ISO 14443 A & B standard. It is connected to the PC through a USB.

The main purpose of the PC is to display the calendar, alert the user with reminders and provide
a view for care professionals for medication planning and adherence, whereas the NFC reader/
writer device and tagged medicine packages are used for storing and reading medicine
information from NFC tags. The role of the speech synthesiser is to transform the text displayed
on the screen into speech.

2.2.2 Functionalities for the primary end-users. The main view of the interface shows
a medication plan for a day, and thus the system aims to reduce the effort required to remember
to take the correct medicines at the correct time (principle of reduction). The plan shows
the medicine and dosage information of the medicines that the user has to take during the
day. Information provided can be tailored according to the user’s needs (tailoring). The default
medicine plan is divided into four sections. By default these are breakfast, lunch, dinner and
bedtime, but they can be personalised based on the needs of the particular user
(personalisation). The main screen of the graphical user interface for older users is presented
in Figure 1.

The system aims to guide users through the medication taking process (tunnelling). When it is
time to take medicines, the PMA reminds users visually by showing a reminder and providing an
audio description (reminders) (see Figure 2 step 1) and informs the user one by one which
medication to take and the respective dosage. Then it asks the user to find the medicine
package and to place it on the NFC reader to verify its content (see Figure 2 step 2). Once the
medicine is identified and the reminder system confirms that it is the right one (reduction),
the user receives a positive response and a prompt to take the medicine. Then the user confirms
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Figure 1 FThe main'screen
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Figure 2 Reminder window and confirmation

22 de JUNIO del 2010

1 Frenadol
2 Aspirina

Hola Ricardo, es la hora de tus medicamentos

their medicine consumption by touching the “OK” button on the PC screen, and the system
registers that the user has taken their medicines. When the user gives confirmation, the system
notifies the user by displaying the reminder window in a green colour. The previous verification and
confirmation steps will be repeated, one by one, until all the medicines are taken. When the
confirmation process is finished, the calendar will be shown again with information about the next
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medicine and dosage of the day. The PMA uses praise via words to give motivating feedback
about successful medication taking.

The designers have also aimed at using terminology which would be familiar to older users
(similarity) and selecting attractive colours and figures (liking). Using an avatar “virtual nurse”, the
system adopts a social role. The system provides information that is perceived as trusted by
the users, because it is managed by home care professionals (trustworthiness). The system is
also viewed as incorporating expertise, because it is provided by home care professionals
(expertise). The system has been designed to have a competent look and feel (surface
credibility). In addition to the scheduled medication process, PMA can be used to provide
information about the medicines at any time. The user can read the information stored in the
NFC tag attached to the medicine package by placing the NFC-labelled medicine package on
top of the NFC reader.

2.2.3 Multimodality. Basically, all the information which is displayed on the screen is also
provided in audio. When it is time to take medicines, the PMA aims to get the user’s attention
with a warning sound that comes about ten seconds before the actual reminder message. Then
it provides the information of the reminder message by audio. The user can listen to the reminder
message at any time by touching the screen. When the user gives a confirmation that he or she
has taken the medicines, the medicine assistant notifies the user with a sound effect. The audio
channel is used also for error messages.

In addition to audio information, touch-based user interfaces were used. The user can use a
touch gesture to confirm medicine taking and interact with the application through a touch
interface. NFC-based touch interaction is used to identify the correct medicine package, to
verify if it is the right time to take medicines, to provide medicine information at any time, and to
make sure that the medicine has not expired.

2.2.4 Functionalities for the home care professionals. The PMA provides support functions
related to medication management for home care professionals. These authorised people are
able to add new prescriptions, update the information and status of the medication plan, study
the active medication plan, configure and adapt the system parameters to the user’s needs and
preferences and monitor medication consumption.

Authorised users use an NFC-based ID card to log in to the system. When a home care
professional places his or her ID card on the NFC reader device, the management functions will
be activated.

The NFC tags for the medicine packages are created by a gerontologist or a home care
professional. Because the NFC tag contains all the medicine information required, the home
care professional can easily update the medication plan by placing the new medicine package
on the NFC reader/writer device and the information is written on the tag automatically. Then the
system presents the information to the home care professional for confirmation.

When the home care professional studies the active medication plan, all the active prescriptions
are shown in a list, and the home care professional can access the details of each prescription,
change some parameters of a prescription and also create a new prescription and an NFC tag to
be attached to the medication package.

In order to monitor medication adherence, a monthly calendar was designed. It is displayed on
the screen, and the home care professional can easily access the details of each day by
selecting it from the calendar. Green colour was used for days when all medicines were
registered as “taken” and red colour for days where some medicines were registered as “not
taken”. Detailed information shows which medicines have been taken and which have not. The
calendar is presented in Figure 3.

3. Results

The findings of co-design sessions and field trials are summarised here. First the expectations of
the PMA are analysed, and then the subjective experiences collected during user studies are
summarised.
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Figure 3  Calendar for monitoring purposes

JUNIO del 2010

3.1 Expectations

In the first co-design session, home care professionals stated that the confirmation procedure and
how the user is guided through the medication intake seems easy to use, but they expected that
the older users would face problems in locating the NFC tag attached to the medication package.
They expected that the new procedure would help users to remember to take their medicine,
because they need to pick up the medicine package and place it on the NFC reader. This would
be an advantage over traditional reminders, which can be switched off without actually touching
the medication package. They also considered that audio information would be useful, because it
might be easier to remember than written information. Also, they estimated that many users in the
target group have trouble reading and thus would benefit especially from audio information. Home
care professionals suggested that, when the user places the wrong medicine package on the NFC
reader, audio information should be provided, because it would help users notice that it is the
wrong medicine package. They also asked whether warnings about expired prescriptions and
medicines could be added. They estimated that the reminders would support effective task
fulflment and would be suitable for people who suffer from mild cognitive impairment, but they
doubted that people with severe cognitive impairment would be able to learn to use the system.

Home care professionals expected that the system would be especially useful, because they
would be able to check at the beginning of the day whether some medicine remains to be taken.
Interviewees suggested that this monitoring functionality could be available to the family and
relatives also. They expected that the monitoring functionality would help them to diagnose, for
example, cognitive problems earlier than they currently do, which would be a clear improvement.
Home care professionals commented that the graphical design is good and registering new
medicines is really easy due to the touch screen and NFC functionality.

Older people who were interviewed in the second co-design session stated that the
confirmation procedure and how the user is guided through the medication intake would
be easy to use, but additional instructions were considered necessary. It was discovered that the
touch-screen interface is not self-explanatory and that there should be instructions explicitly
stating that it is a touch-screen. Participants suggested that making the confirmation through
the touch screen would activate users more than using their speech, which might encourage
them to take their medicines. All feedback and warnings, such as finished process, wrong
medicine and expired medicine, were found to be helpful in bringing peace of mind. The
reminders would support effective task fulfilment and they would be especially useful for people
who live alone. The blinking screen was seen as a reinforcement of the reminder, and the audio
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information was considered to be really useful. One person mentioned that the praising
feedback is a bit silly. Most of them stated that the audio- and graphical designs are clear and
good, but one stated that the screen and font size are too small. Some people suggested that
there could be more information about the medicines, but some were satisfied with the amount
of information. Also haptic features, such as vibration of the PC, could be useful, as well as
Braille text in the NFC labels of the medicine packages.

The users’ responses were encouraging, because both the home care professionals and the
older people expected that the system would bring value for them. The instant feedback in the
prototyping phase also helped to fix usability issues.

3.2 User experience findings

During the first days of the first field trial it was discovered that not all of the instructions are clear
or detailed enough. Observations during the field trial at the nursing home showed that all the
participants require several days to learn how to use the device. Two of them needed help from
the gerontologist during the first three days and after they were able to use the device without
any support; for the other two participants it was difficult to learn. Participants from the nursing
home were in a somewhat fragile situation; they came from the hospital and needed special care
and support. They were not able to return to their homes and live independently. One of the
participants in particular was not able to learn and remember how to use the system at the end
of the trials, she had a severe hearing limitation and she also had some cognitive problems. She
was able to explain the process and what the system asked her to do, but she often got
confused and did not remember how to proceed. She constantly asked for help and support
from the gerontologist who supervised the trials.

The users considered that the daily medication plan and medicine reminders are useful.
They especially appreciated details such as the fact that the names of the medicine were
personalised (such as “heart medication”) and time of the day was included in the plan.
Participants mentioned that the reminders are especially useful when the medication plan is
modified or updated. Participants felt that through the confirmation procedure (i.e. the possibility
to test that the medicine package is correct and confirming medicine consumption) they are able
to avoid mistakes; as they put it: “you learn from the machine when you are wrong”. One
participant who had a medicine dispenser felt that the confirmation procedure did not bring any
additional value for him/her, but that the reminders were useful. The warnings, such as not to
take the same medication again, were found especially useful and “fantastic” as stated by some
participants. All participants stated that the audio and graphical design were clear and good.
One participant suggested that the device should be small enough to take along when travelling,
for example.

Three participants considered the audio feedback as the “voice of a friend”, which implies that
the technology adopted some kind of a social role. One participant also said “goodbye” to the
machine every day. The credibility of the system was seen as being high; one participant said “if
it says that you have already taken it, it must be true”.

In the second field trial, participants’ experiences of the confirmation procedure varied. Taking
into account the results from the first field trials, some modifications were made in the design.
The participants in this second field trial were shown how to use the system by a technician. The
system was installed at their homes and they only had support in case of an error. No special
problems were reported by the participants during the period of the test. After three weeks of
use by four users, the participants were interviewed about their user experience issues and the
problems they identified during testing. It was found out that the older participants living on their
own had very heterogeneous needs regarding the medication management support. One
participant who used a medicine dispenser would have preferred to have the information on all
of her medicines that she needs to take at that time of day at the same time. She also said that
only one confirmation in the end would be enough. One participant stated that he/she would
need only reminder functionality and not medicine verification and confirmation procedure. She
was also interested in getting warnings about expired medicines. Two participants stated that
medicine verification is very useful; especially for the verification of new medicines and providing
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a feeling of safety. Later, the application was modified for the user who had a
medicine dispenser, and she found it really useful, since the modified version used only
the reminder functionality.

Participants stated that the medicine reminders are useful. However, of the four participants only
one considered that he/she would need the reminder functionality. Still, all participants reported
that they have had some occasional lapses with their medication. One participant mentioned
that the feedback gets repetitive and thus annoying, and it should be changed every now and
then. All participants were happy with the audio and graphical design. They also said that it was
easy to learn how to use the NFC tags and the NFC reader function.

It was found out that some users’ perceived need for this kind of service was low. There were
several reasons for this: they were using medicine dispensers and thus they did not have a need
for a medication confirmation procedure; they thought they knew their medicines by heart, or
they felt that they did not have any problems in remembering or managing their medicines. Still,
the observations of home care professionals showed that actually these users had medication
management-related problems but they overlooked the errors they made. It was discovered that
there is a need to understand the reasons for non-adherence, to easily tailor system functionality
(and not only information provided) to meet the needs of the different users and to understand
the other possible factors influencing technology adoption (e.g. fear of losing human contact
after adopting assistive technologies).

4, Discussion

The study showed that the PMA system was expected to provide concrete assistance with
medication management by reminding people to take their medicines and guiding users through
the medication taking process, providing a monitoring functionality for the home care
professionals and even helping home care professionals to identify patients’ cognitive problems
at an early stage. In addition, multimodality was expected to bring benefits through providing
information in audio format, reinforcing reminders using visual feedback (e.g. blinking screen)
and requiring users to pick up the medication package during the medication taking process.

The user experience analysis showed that the older participants considered many of the system
qualities as useful for themselves or somebody else in a certain situation, such as a person living
alone or a person whose medication plan has been changed. Users experienced that the system
offers concrete assistance with medication management through reminding them to take their
medicines and guiding them through the medication taking process. Users’ attitudes towards the
multimodality with audio feedback and touch-based user interfaces were positive. However, older
users’ perceived need for this kind of system was low, even if a need for the system was identified
both in the early stages of the development as well as later by the home care professionals. The
reason might be that, although the system performed as expected and met the requirements,
reasons for non-adherence and other possible factors influencing technology adoption were not
understood thoroughly enough. Thus, the system partly failed to bring value for the users. It can be
discussed whether the older users had a perceived need to manage their medication better and
improve their medication adherence in the first place. Research has shown that non-adherence
among older people is not always unintentional, but it can also be intentional. Perceptions of illness
and poor comprehension of the role of the medicines in the management of long-term conditions
can lead to intentional non-adherence with medication (Banning, 2008). Thus, it is important to
discuss the patient-centred factors that influence non-adherence and solutions how the different
persuasive functionalities of the system addressed these reasons.

There are many opportunities for further development of the PMA. In order to increase medication
adherence, it would be important to design new persuasive functionalities into the system. Table |
presents examples of ideas for future development — how persuasion principles (Oinas-Kukkonen
and Harjumaa, 2009) could be used to tackle different patient-centred factors to contribute to
non-adherence (Vlasnik et al., 2005).

Also, the role of the family members in the medication management process and their
requirements and value expectations of new technology should be studied. Regarding the
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Table |  Future development ideas

Reason for non-adherence

Persuasion principle

How to use

Misunderstanding of
prescribing instructions

Frequent changes to drug
regimens

Limited faith in the
medication or the provider

Inability to read written
instructions
Forgetfulness or confusion

Denial of the illness or its
significance
Anger about the illness

Apathy
Depression
High stress

Reduction, disappearance
or fluctuation of symptoms
Concern about taking
drugs, including fear of
addiction

Inability to distinguish
colours or identifying
markings on medications
Problems with assistance
required in the home
Limited education about
the illness or the need for
medication

Limited social or family
support

Reduction

Tunnelling

Personalisation
Rehearsal
Reminders
Similarity
Tailoring

Reduction

Reminders
Trustworthiness

Expertise

Surface credibility
Real-world feel
Authority
Third-party
endorsements
Verifiability
Reduction

Reduction

Reminders
Self-monitoring

Rehearsal
Rehearsal
Rehearsal
Rehearsal
Self-monitoring

Simulation

Suggestion

Reduction

Reduction

Suggestion

Social role

Praise
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MMS can reduce users’ efforts to manage medicines by providing a daily
medication plan®

MMS can provide the means to guide the user through the medication taking
process and thus users are able to avoid mistakes and learn to take the right
medicines at the right time®

MMS can help to understand prescribing instructions by using personalised
medicine names which are familiar for the user®

MMS can provide the means to rehearse the medication-taking process
MMS can remind users to take their medicines®

MMS can help to understand prescribing instructions by using language that
is familiar to users®

MMS can provide tailored information showing only information that is
relevant to the current user

MMS can reduce users’ effort to manage medicines by providing a daily
medication plan®

MMS can remind users to take their medicines®

MMS can increase trustworthiness if the system is provided by a trusted
party, such as home care professionals®

MMS can increase the feeling of expertise if the system content, such as a
medication plan, is managed by home care professionals®

MMS can increase surface credibility if the look and feel of the system is
competent®

MMS can increase the real-world feel by providing information on the
organisation behind its content

MMS can refer to real people in the role of authority

MMS can provide endorsements from respected sources

MMS can provide the means to verify the accuracy of the content

MMS can reduce users’ efforts to manage medicines by providing the
possibility to verify new medicines through the NFC interface®

MMS can reduce users’ efforts to manage medicines by providing a daily
medication plan®

MMS can remind users to take their medicines®

MMS can provide the means to track symptoms, such as diary functionality

MMS can provide mental wellness training, which consists of experiential
exercises to reduce anger

MMS can provide mental wellness training, which consists of experiential
exercises to encourage positive thinking

MMS can provide mental wellness training, which consists of experiential
exercises to reduce depression

MMS can provide mental wellness training, which consists of experiential
exercises to reduce stress

MMS can provide the means to track medication use by providing a calendar
functionality presenting taken and not taken medicines

MMS can provide the means to observe the link between the cause and
effect — what follows if the user does or does not comply with medication

MMS can provide information about the effects and purpose of the
medication

MMS can reduce users’ effort to manage medicines by providing the
possibility to verify new medicines through the NFC interface®

MMS can reduce users’ efforts to manage medicines by providing the
possibility to verify new medicines through the NFC interface®

MMS can provide information about the effects and purpose of the
medication

MMS can provide social support by using an avatar, such as a “virtual nurse”®

MMS can provide social support by giving motivating feedback about
successful medication taking®

(continued)
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Table |

Reason for non-adherence Persuasion principle How to use
Complex and complicated Reduction MMS can reduce users’ efforts to manage medicines by providing a daily
drug regimens medication plan®

Tunnelling MMS can provide the means to guide the user through the medication taking

process and thus users are able to avoid mistakes and learn to take the right
medicines at the right time®

Note: ®Suggestion is supported by the user experience findings

system content, educational strategies should be involved and the assistance should not only
focus on the external cognitive support.

This study has some limitations. The actual adherence to medications was not measured.
However, in the future, it will be important to study how the MMSs influence medication
adherence. Also, the user experiences of the home care professionals were not studied in the
field trials. Home care professionals who were involved in the user studies and trials merely
estimated the value for their patients and not for themselves.

Further research challenges in assistive home technologies include user profiling needed in
personalisation, customisation and adaptation of services (Clark and McGee-Lennon, 2011). As
an example, in order to contribute to non-adherence to medications caused by forgetfulness
requires that all possible underlying causes, such as confused mental state, lack of
environmental cues considering the time of the day or complex medication regimen would be
used as a basis to tailor the programme to an individual (Ryan, 1999). In our study it was
identified that, when the functionality of the PMA was modified for one participant who had a
medicine dispenser, she started to consider the system to be very useful. This kind of user
profiling and personalised services is needed, but in order to achieve social or business benefits,
services need to scale up for large populations of users. Thus, it is important to pay attention to
the easy and low-cost end-user configuration of home care technologies.

5. Conclusions

AAL environment has considerable potential in promoting the independent living of older people.
In this study a design and evaluation process of a multimodal MMS was presented. The process
was iterative and included involvement of both end user groups — older people and home care
professionals. The findings show that, especially during the prototype-building phase, the PMA
was expected to bring value for both user groups, but during the actual field trial many practical
challenges were faced and people’s interest in adopting the system varied among users. This
can be due to many reasons, ranging from wrongly defined value proposition to fear of losing
social connections with the home care professionals. This paper also brings out the paradigm of
persuasive design in assistive technologies. It shows how persuasive functionalities of MMS can
address non-adherence and discusses how systems might be designed in the future to better
help older people to manage their medications.

References

Banning, M. (2008), “Older people and adherence with medication: a review of the literature”, International
Journal of Nursing Studies, Vol. 45 No. 10, pp. 1550-61.

Beckman, A.G.K., Parker, M.G. and Thorslund, M. (2005), “Can elderly people take their medicine?”, Patient
Education and Counseling, Vol. 59 No. 2, pp. 186-91.

Clark, J. and McGee-Lennon, M. (2011), “A stakeholder-centred exploration of the current barriers
to the uptake of home care technology in the UK”, Journal of Assistive Technologies, Vol. 5 No. 1,
pp. 12-25.

Claxton, A.J., Cramer, J. and Pierce, C. (2001), “A systematic review of the associations between dose
regimens and medication compliance”, Clinical Therapeutics, Vol. 23 No. 8, pp. 1296-310.

VOL. 8 NO. 2 2014 | JOURNAL OF ASSISTIVE TECHNOLOGIES | PAGE 61

VI/11



PAGE 62

Costa, J. and Doughty, K. (2009), “The role of reminder aids and systems to support independence in people
with memory problems”, Journal of Assistive Technologies, Vol. 3 No. 2, pp. 60-4.

Eberhardt, B., Fachinger, U. and Henke, K. (2010), “Better health and ambient assisted living (AAL) from
a global, regional and local economic perspective”, International Journal of Behavioural and Healthcare
Research, Vol. 2 No. 2, pp. 172-91.

Hammar, T., Rissanen, P. and Perala, M.-L. (2008), “Home-care clients’ need for help, and use and costs of
services”, European Journal of Ageing, Vol. 5 No. 2, pp. 147-60.

Harjumaa, M., Isomursu, M., Muuraiskangas, S. and Konttila, A. (2011), “HearMe: a touch-to-speech Ul for
medicine identification”, 5th International Conference on Pervasive Computing Technologies for Healthcare
(Pervasive Health), IEEE, pp. 85-92.

Higgins, N. and Regan, C. (2004), “A systematic review of the effectiveness of interventions to help older
people adhere to medication regimes”, Age and ageing, Vol. 33 No. 3, pp. 224-9.

Intille, S.S. (2004), “A new research challenge: persuasive technology to motivate healthy aging”, IEEE
Transactions on Information Technology in Biomedicine, Vol. 8 No. 3, pp. 235-7.

Isomursu, M., Ervasti, M. and Tormanen, V. (2009), “Medication management support for vision impaired
elderly: scenarios and technological possibilities”, 2nd International Symposium on Applied Sciences in
Biomedical and Communication Technologies, IEEE, pp. 1-6.

De Kort, Y.AW., IJsselsteijn, W.A., Eggen, J.H. and van den Hoven, E.AW.H. (2005), “Persuasive
gerontechnology”, Gerontechnology, Vol. 4 No. 3, pp. 123-7.

McGee-Lennon, M., Smeaton, A. and Brewster, S. (2012), “Designing home care reminder systems: lessons
learned through co-design with older users”, Pervasive Computing Technologies for Healthcare (Pervasive
Health), 2012 6th International Conference on IEEE, pp. 49-56.

McGee-Lennon, M.R., Wolters, M.K. and Brewster, S. (2011), “User-centred multimodal reminders for
assistive living”, Proceedings of the SIGCHI Conference on Human Factors in Computing Systems,
CHI 11, ACM Press, New York, NY, pp. 2105-14.

Oinas-kukkonen, H. (2010), “Behavior change support systems: a research model and agenda”, in Ploug, T.,
Hasle, P. and Oinas-Kukkonen, H. (Eds), Change, Springer-Verlag, Berlin and Heidelberg, pp. 4-14.

Oinas-Kukkonen, H. and Harjumaa, M. (2009), “Persuasive systems design: key issues , process
model , and system features”, Communications of the Association for Information Systems, Vol. 24 No. 1,
pp. 485-500.

Robert Savage, Y.Y. (2009), “Ambient assistive health and wellness management in the heart of the City”,
in Mokhtari, M. et al. (Eds), Springer, Berlin and Heidelberg.

Ryan, A.A. (1999), “Medication compliance and older people: a review of the literature”, International Journal
of Nursing Studiies, Vol. 36 No. 2, pp. 153-62.

Tang, P. and Venables, T. (2000), “‘Smart’ homes and telecare for independent living”, Journal of
Telemedicine and Telecare, Vol. 6 No. 1, pp. 8-14.

Vlasnik, J.J., Aliotta, S.L. and DelLor, B. (2005), “Medication adherence: factors influencing compliance with
prescribed medication plans”, The Case Manager, Vol. 16 No. 2, pp. 47-51.

JOURNAL OF ASSISTIVE TECHNOLOGIES | VOL. 8 NO. 2 2014

VI/12



Appendix

Table Al Summary of the expectations

Parameter

Home care professionals

Older users

Ease of adoption

Ease of use

Performance

Medication verification through NFC is easy to use,
especially for people under 70 years old

Graphical design and colours are good

Adding new medicines and medication plan is easy. Also
relatives could do it Also video demonstrations about the
use would be helpful

Useful for home care professionals and older users who
suffer from mild cognitive impairment, but reminders are
not suitable for people with severe cognitive impairments
Audio reminders are especially useful for this target group
It is good that medication verification through NFC warns
about wrong medications and expired receipts/
medications. Warnings should also be provided as audio
information

Adding medication plans and monitoring medicine intake
are helpful

Monitoring functionality can even help to identify patients’
cognitive problems at early phase

About the authors

The system will not be needed in a nursing house,
because there is supervision available, but the system
would be useful at home

Graphical design, colours and screen size are good
Reminder messages are clear and there is enough
information

Medication verification through NFC is easy to use, but
some training was needed

Some features (such as medication verification with
NFC) require better feedback and instructions
Medicine reminders are useful

Audio reminders with text are very good

It is good that medication verification through NFC
warns about wrong medications and expired receipts/
medications
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On the development of persuasive systems
A framework for designing and evaluating behavior change
support systems and its applicability for e-Health

A growing number of information and communication technologies
are being developed to support a change in users' attitudes and
behaviour or both i.e. to persuade people. In the development of
these kinds of systems, persuasion strategies and principles play
an important role. They are classical principles that are found to
have an influence on attitudes and behaviours. There already exist
several approaches to the design and evaluation of behaviour
change support systems. However, there is a need for a more
comprehensive framework which describes how the persuasion
principles can be implemented; that is, how to transform them into
software requirements and functionalities. It would also be
important to address the question of how to integrate persuasive
design approaches into systems development.
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This doctoral thesis describes the key theories behind the
development of persuasive systems and proposes an innovative
construction, the Persuasive Systems Design model. It also
evaluates the practical applicability of the model in three case
studies. The findings show that the model can be successfully
applied during the user requirements analysis and concept design
phases in order to identify new potential persuasive functionalities
and analysing persuasive functionalities of an existing product.
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