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Abstract

Persuasive systems in different domains have been used to support people in changing their
behaviours. These systems motivate desirable behaviour in users by providing relevant
information, tracking user progress, and giving them feedback. This study investigates the
persuasive features of a web-based information system that supports the enforcement of
user commitments. A structural equation modelling approach and analysis of open text
responses are used to identify the factors that affect the intention to continue to use the
system, to gather users’ perspectives on how the system helps them to stick to their goals
and the improvements that could be made. Data (N = 227) collected from the system’s
users is tested against the proposed research model. The results show that 30% of users’
continuance intention is explained by the implemented persuasive software feature
categories (computer-human dialogue support, primary task support, perceived credibility,
and social support) and perceived competence. Of these categories, primary task support
has the strongest effect on perceived competence and continuance intention. The results
also reveal how the system helps users to be consistent in their goals and the lack of
specialized social support features. The study concludes with a discussion and

recommendations for future research.

Keywords: persuasive systems design; behaviour change; commitment; continuance

intention; perceived competence

Introduction

Technological changes have impacted the ways in which we communicate, and recent years have
seen a growth in systems aimed at behaviour change. Technology, although often seen as a tool
to accomplish goals, is never neutral, and people are constantly being influenced whether
intentionally or as an unintentional side effect of the design (Oinas-Kukkonen, 2013). As
Kranzberg states (1986 p. 545), “Technology is neither good nor bad, nor is it

neutral ... technology's interaction with the social ecology is such that technical developments



frequently have environmental, social, and human consequences that go far beyond the
immediate purposes of the technical devices and practices themselves’’.

The design of information systems to positively influence user behaviour is nowadays
prevalent and research, for example Kelders et al. 2012, has pointed to the importance of
persuasive systems design. Although, there isn’t yet a common understanding when or how
persuasive strategies work and why certain strategies might only work in some cases (Schneider,
Moser, Butz, & Alt, 2016). Furthermore, a comprehensive system that meets every individuals’
needs has yet to be developed and no single solution can solve all our problems (Drozd, Lehto, &
Oinas-Kukkonen, 2012). Therefore, an important consideration for systems supporting behaviour
change, or Behaviour Change Support Systems (BCSSs), is the deliberate attempt to cause a
cognitive and/or emotional change in the user by helping to transform their current state into
another planned state leading to a change in their behaviour (Oinas-Kukkonen, 2013).

This is usually approached by persuasive systems design (Oinas-Kukkonen & Harjumaa,
2009; Schneider et al., 2016) which aims to maintain high levels of user engagement and
motivation because persuasive communication is more likely to be effective to the extent that the
reason for holding the position outlined in the appeal matches the recipients dispositions (Wood,
2000). For example, Kelders et al. (2012) found that persuasive systems design, particularly
dialogue support features which facilitate interaction between the user and the system, influences
adherence to web-based intervention programs. Chatterjee & Price (2009) further add that
interpersonal interactions with technology are essential for persuading users to adopt the desired
behaviour.

The conceptualization of BCSS was introduced as an object of persuasive systems and

defined as “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” (Oinas-Kukkonen, 2013). BCSSs are inherently transformative and
highlight voluntary approaches in which people use technology to change their own behaviours
by relying upon their personal motivation or goals (Oinas-Kukkonen, 2013). These systems and
technology, in general, are more effective in persuasion and offer a potential path to long-term
behaviour change as they leverage technology’s capabilities (Fogg, 2003) to influence users. As
the role of technology increases in people’s day-to-day activities and decision making, new
opportunities to assist people in making self-beneficial choices have arisen through, for example,
the use of persuasive systems to digitally present choices in a way that leverages people’s
decision-making processes, thus encouraging them to make self-beneficial decisions (Lee et al.
2011).

Understanding users’ relationship with persuasive systems, the dynamics of that
relationship, and users’ perceptions of these systems is essential to understanding their decision
to continue using them (Al-Natour & Benbasat, 2009). There has also been limited research on
the efficacy of persuasive software features and how these features affect the continued use of
BCSS (Lehto & Oinas-Kukkonen, 2015). Therefore, the present study aims to address this
research gap by investigating users’ perceptions of a web-based system for commitment. A self-
commitment system that helps users to make self-beneficial decisions that limit future
counterproductive behaviour (Bryan, Karlan, & Nelson, 2010).

Specifically, the study examines the effect of the Persuasive Systems Design (PSD)
model’s features (Oinas-Kukkonen & Harjumaa, 2009) on users’ perceived competence and how
this, in turn, predicts their intention to continue using the system. The study outlines (see study

design section) the persuasion context for the system which describes the persuasive



characteristics of the system and then outlines the persuasive constructs formulating the
hypotheses. Data (N = 227) collected from the system’s users in two stages is tested against the
proposed research model using partial least squares (PLS), a structural equation modelling
(SEM) approach. By applying the PSD model, it is possible to systematically investigate how
persuasive software features are used and evaluate their influence. This quantitative part is
supplemented by a review of users’ open text responses to questions asking the services or
features that the system could offer that would add significant value to their use and how the
commitment feature of the system and the consequence (being charged for derailing on a goal)
helps users to meet their goals. Results show that primary task support from the PSD model’s
software feature categories is a strong predictor of users’ perceived competence and continuance
intention.

The rest of the paper is organized as follows. First, we present the theoretical
background, the research model and hypotheses. Second, we discuss the research methodology.
Third, the results of the analysis are presented. Fourth, we discuss the results, implications and

limitations, and end with the conclusion.

Theoretical Background

Persuasive Systems

Recent years have seen an increase in information systems aimed at motivating users to meet
their goals by guiding them through a process of changing their attitudes and behaviour (Oinas-
Kukkonen & Harjumaa, 2009; Chatterjee & Price, 2009). Persuasion as a consideration for
information technology is often concerned with how behaviour change can be enabled by

intervening in moments of local decision making and by acknowledging, rewarding and



enhancing motivation for desirable behaviours (Dourish, 2010). Persuasion is a situation
whereby a recipient receives an intervention (e.g., a persuasive message) that refers to something
outside the message itself (the context) (Brifiol & Petty, 2009). Persuasion techniques are most
effective when they are interactive and when persuaders adjust their influencing tactics as the
situation evolves (Fogg, 2003).

Persuasive systems aim to persuade users to choose a particular course of action and are
designed with the intent to serve some overall good (Benbasat, 2010). They combine context and
cognition, external factors and the individual, as well as considering personal factors such as
motivation alongside environmental ones such as triggers (Lockton, 2012). Therefore, it is
important for both software developers and the general audience to be aware of the various ways
of and the approaches to how people may be, are being, and will be influenced through the
design of computerized systems (Oinas-Kukkonen, 2013).

Oinas-Kukkonen and Harjumaa (2009) describe persuasive systems as ‘systems designed
to reinforce, change or shape attitudes or behaviours without using coercion or deception’.
Persuasive systems are developed based on theories on human behaviour and have the aim to
influence behaviours in a desirable way (Fogg, 2003). From a user’s perspective, computers can
operate as tools that increase capability, as mediums that provide interactive experiences, and as
social actors that create and enhance relationships (Fogg, 2003). Technology does not, in itself,
seek to influence, but, through services that can be built on top of the technology, it facilitates
behaviour change (Lockton, 2012). Within persuasive systems, the standard approach is to
design systems that try to motivate users to behave in a more desirable way by providing
information or giving them feedback (Brynjarsdottir et al., 2012; DiSalvo et al., 2010; Lee,

Kiesler, & Forlizzi, 2011).



As persuasive systems are nowadays employed in different domains, various strategies to
motivate and enhance user experiences may be applied in their development to support different
outcomes and behaviour change strategies (Berkovsky, Freyne, & Oinas-Kukkonen, 2012). The
underlying principle is to understand users and integrate this understanding into developing
systems that help users to achieve specific objectives that could be health and well-being or
lifestyle-related. This could be through design strategies that help people to change their
everyday behaviours (Consolvo, McDonald, & Landay, 2009), investigating how systems’
perceived persuasiveness, and the design of persuasive features influence users’ adoption,
continuance intention, and adherence to these systems (Kelders et al., 2012; Lehto & Oinas-
Kukkonen, 2015; Lehto, Oinas-Kukkonen, Pétiala, & Saarelma, 2012), or analysing the
persuasive user experiences of a BCSS, for instance, for the prevention of metabolic syndrome
(Karppinen et al., 2016). Other previous research includes, for example, analysing how the
features implemented in a persuasive system are compatible with users’ goals and affect system
usage (Ebermann & Brauer, 2016), exploring the need for and role of reflection in persuasive
systems design (Halttu & Oinas-Kukkonen, 2017), using persuasive principles to analyse carbon
management systems (Corbett, 2013), and to study attitudes towards fire safety (Chittaro &
Zangrando, 2010) among many others.

The main idea is to motivate the desirable behaviour by leveraging different persuasive
techniques that promote user engagement and interactivity and help users to meet their goals.
Commitment techniques and systems, discussed in the following section, are based on a
minimalist approach where targets are set in a personalised manner and people are guided to

make self-beneficial decisions.



Commitment and behaviour change

There are numerous examples of suboptimal health behaviour, for example, unwillingness to
think about problems when risks are known or data are ambiguous, in which people do not
follow through on their goals (Mogler et al., 2013). Unhealthy behaviours are also responsible
for a large proportion of healthcare costs and poor health outcomes (Rogers, Milkman, & Volpp,
2014). Therefore, people require systems that support self-commitment as research has
demonstrated their effectiveness in helping people to commit to goals (Beshears, Choi, Laibson,
Madrian, & Sakong, 2011; Reeves, 2011; Rogers et al., 2014). As people often set goals with
varying degrees of formality that in most cases they fail to meet, such systems can be used to, for
example, help people purchase unhealthy food in small portions to reduce intake (see Table 1 for
examples of techniques for commitment) (Rogers et al., 2014).

Systems that support/enforce commitment, create accountability for completing the goals
that people commit to (Bryan et al., 2010). According to Munson et al. (2015), such techniques
relate to restricting the occurrence of future behaviour with the awareness of what your
preferences will be at the time the behaviour is to take place — a request in the present that a

future request be denied.

There is a strategic interaction between the self who creates the commitment device and the
future self who is influenced by it. Indeed, it involves a three-stage interaction among the
selves at three different times: when one makes a commitment (time 1), when one chooses to
engage in an activity such as deciding between walking and watching TV (time 2), and when

rewards or punishments are meted out (time 3).

Table 1. Examples of techniques for commitment (adapted from Rogers et al., 2014).

Strategy Description Health Goal




Put money in a Forfeit money by failure to achieve a goal by a Any

deposit contract given date (e.g., losing five pounds within 2

months)
Engage in Restrict access to instantly gratifying Any
temptation experiences (e.g., watching TV) only to
bundling occasions when engaging in goal-consistent

behaviours (e.g., exercising).

Purchase vices in | Limit portion sizes for unhealthy items (e.qg., Reduce

small packages junk food, alcohol) consumption

Order groceries Avoid purchasing unhealthy foods on impulse Improve diet

online

Check into Ensure no access to addictive substances (e.g., Treat

rehabilitation alcohol, drugs) until professionals deem a patient | addiction
ready

Purchase annual Ensure future gym visits will not require out-of- | Increase

gym membership | pocket payment exercise

In many cases, the factors leading to unhealthy behaviours are an integral part of people’s
lifestyles and this is where intervention programs should be targeted. However, radical and long-
term change is difficult to implement and, often, almost impossible to sustain (Fletcher, Pine, &
Page, 2007). Many people intend to improve their health, well-being and other behaviours

(exercise, maintain a diet, quit smoking) in the future, but when the time comes to act on their



intentions, they do not (Rogers et al., 2014). People are often aware of the changes they need to
make in their behaviour but usually have a problem following through on their intentions,
primarily due to a lack of self-control or willpower which weakens the more it is called upon
(Beshears et al., 2011; Fletcher et al., 2007; Reeves, 2011). That is to say, people intend to make
choices that carefully consider short-term and long-term cost and benefits, “but at the decision-
making moment, they place disproportionate weight on immediate costs and benefits” (Beshears
etal., 2011).

Furthermore, some of the solutions people choose to help them change a behaviour or
form habits are often easy and do not result in any significant change because they are not
accompanied by hard commitments. A solution to this problem is the use of systems that support
commitment: “a way of changing one’s incentives to make an otherwise empty threat or promise
credible” (Reeves, 2011). This involves entering into an arrangement that restricts people’s
future choice set by making some choices more expensive or making a present intention for a
future action more substantial (Bryan et al., 2010; Moraveji, Akasaka, Pea, & Fogg, 2011).

As systems that support the enforcing of commitments also involve persuasive design to
motivate users, it is essential to empirically analyse the persuasive elements in these systems.
Thus, we propose an approach to investigate the effect of persuasive software features on users’

intention to continue using such a Web-based information system.

Study Design

The Persuasive Systems Design model

The PSD model (Oinas-Kukkonen & Harjumaa, 2009) is used as the main conceptual framework

in the present study. The PSD model is meant to solve real-world problems in the design and
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development of persuasive systems. The model is an integrative framework linked to prior
knowledge of social psychological theories and information systems (IS) development (Oinas-
Kukkonen & Harjumaa, 2009). The model outlines the postulates (psychological principles)
behind the design of persuasive systems, the importance of considering the context of use, and
the specific features implemented in persuasive systems (Oinas-Kukkonen & Harjumaa, 2009).
These features are outlined in the next section below under research model and hypotheses.

The psychological principles describe the neutrality of technology, its accessibility and
reach, ease of use, how people make and enforce commitments, users’ attitudes and persuasion
strategies, the sequential nature of persuasion, the ideal moments for initiating persuasive
features and openness in the development of persuasive systems (Oinas-Kukkonen & Harjumaa,
2009).

After acknowledging the persuasion postulates, the context for persuasion should be
considered when developing persuasive systems (Oinas-Kukkonen & Harjumaa, 2009).
Persuasion context analysis calls for an understanding of what takes place in the information
processing event. Namely, understanding the roles of persuader, persuadee, message, channel,
and the wider context. A thorough analysis of the persuasion context helps to recognise
inconsistencies in a user’s thinking, to discern opportune and/or inopportune moments for
delivering messages, and the strategies for effective persuasion. Therefore, a system based on an
understanding of how users’ process information and that supports the making of commitments

IS expected to motivate users to change their behaviour (Oinas-Kukkonen and Harjumaa, 2009).
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Persuasion context analysis includes the intent of persuasion, the persuasion event, and
the strategies in use (Oinas-Kukkonen & Harjumaa, 2009). A summary of the persuasion context
for the system! examined in the current study is presented in Table 2.

Table 2. Persuasion context analysis of Beeminder (based on Oinas-Kukkonen 2013 and

Oinas-Kukkonen and Harjumaa 2009).

The Intent

Persuader The system is autogenous as it enables users to pursue their own goals

without the need for external consultation.

Intended They system focuses on long-term altering and reinforcing of target

Outcome/Change | behaviour (A/R-Outcome, B-Change).

Bias The system is based on human decision-making theories from
behavioural economics and game theory which explain why people

might not always follow through on their intentions.

The Event

Use context The system is primarily used to track users’ health, financial, learning,
and productivity goals. There are common features available to all

users and those on premium plans get additional features.

User context Users are encouraged to set their goals at realistic levels. They can
freely choose a goal, define the parameters for tracking the goal, and

progress at their own pace as long as they do not derail.

L www.beeminder.com
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Technology The system is designed according to current web standards and is
context freely available to all users. Some advanced features require premium
plans. The system is accessible through the Web and as a native

mobile application for Android and iOS devices.

The Strategy

Message The system helps users to either form new habits or to become
proficient by encouraging incremental goal setting and consistency in
maintaining the desired habits. The system is based on an

understanding of human decision-making principles.

Route The system primarily relies on an indirect route to persuade the user
by plotting user progress that the user can easily access without the
need for further action. In the premium plans, there is also a direct
route where users are required to evaluate the persuasive message and

they also receive real-time support.

Research model and hypotheses

The design of persuasive systems is often user-centred and involves developing systems that
meet the users' primary goal(s), facilitate interaction, are credible, and provide opportunities for
social interaction (Oinas-Kukkonen & Harjumaa, 2009). In addition to these persuasive features,
this study investigates the effect of perceived competence (Ryan & Deci, 2000; Williams,
Freedman, & Deci, 1998) on continuance intention (Bhattacherjee, 2001; Lehto & Oinas-
Kukkonen, 2015).

The six constructs measured in the study are the persuasive features of dialogue support,

primary task support, social support, credibility support, and two additional constructs on
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perceived competence and continuance intention. The constructs were measured using Likert
scale items (ranging from strongly disagree to strongly agree) drawn from validated measures in
IS and persuasive systems research.

The measurement items for the constructs can be found in the Appendix. Figure 1

presents the research model.

DIAL = Dialogue support; PRIM = Primary task support; SOCI = Social support; CRED =

Perceived credibility; COMP = Perceived competence; CONT = Continuance intention.
Figure 1. Research Model
Computer—-human dialogue support

Computer—human dialogue support (henceforth, dialogue support) features facilitate and improve
communication between a system and its users, especially in terms of feedback for better guiding
users toward their intended goals (Langrial, Lehto, Oinas-Kukkonen, Harjumaa, & Karppinen,
2012; Lehto & Oinas-Kukkonen, 2011). Reminding users of their target behaviour, for example,
will more likely lead to goal achievement, and reminders in various forms (Ritterband,
Thorndike, Cox, Kovatchev, & Gonder-Frederick, 2009), such as automated and personalized e-
mails and phone calls triggered by technology or a clinician, have been shown to help in task

completion (Chiu et al., 2009; Langrial, Oinas-Kukkonen, Lappalainen, & Lappalainen, 2013).
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Thus, these features are strongly linked to primary task support. Individuals’ interactions with
computers are also fundamentally social and from a user’s perspective, computers can, in
addition to being tools and mediums that increase capability and provide interactive experiences,
be social actors that create and enhance relationships (Fogg, 2003; Nass & Moon, 2000).
Dialogue support also affects users’ positive feelings toward the system, which likely influences
the individuals’ confidence (credibility) (Lehto et al., 2012). Therefore, we propose the following
hypotheses:

H1a: Dialogue support positively affects primary task support.

H1b: Dialogue support positively affects social support.

H1c: Dialogue support positively affects perceived credibility.

Primary task support

Primary task support refers to the way in which a system helps users carry out their primary task
(that is, the real-world activity that they would like to complete) (Oinas-Kukkonen & Harjumaa,
2009). Primary task support aims to enhance users’ self-efficacy and reduce the cognitive burden
associated with using information systems by providing examples of the correct behaviour,
enabling reflection, goal-setting, and tracking of one’s progress (Lehto & Oinas-Kukkonen,
2015; Lehto et al., 2012). Therefore, it is likely that the more a system supports users in meeting
their primary objective, the more they will feel competent and continue to use the system. We
propose the following:

H2a: Primary task support positively affects perceived competence.

H2b: Primary task support positively affects continuance intention.
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Social support

Social support features motivate users by leveraging social influence, especially as social
relationships are increasingly maintained and nurtured through computer-mediated
communications (Lehto & Oinas-Kukkonen, 2015). For this study, a modification of one
indicator from social learning, another from social cooperation (Stibe & Oinas-Kukkonen, 2014),
and a self-developed item were used to measure social support. Adding social elements can have
a positive effect on a target behaviour and enhance the effectiveness of a persuasive system
(Chiu et al., 2009). Social support is also an important antecedent to self-efficacy; therefore,
individuals who perceive they have received more social support are likely to have higher self-
efficacy beliefs, which has a positive influence on the individuals’ competence (Anderson,
Winett, & Wojcik, 2007; Bandura, 2004). Thus, we hypothesize:

H3: Social support positively affects perceived competence.

Perceived credibility

Perceived credibility deals with designing credible and subsequently more persuasive systems.
Perceived credibility comprises trustworthiness, expertise, surface credibility, real-world feel,
authority, third-party endorsements, and verifiability (Oinas-Kukkonen & Harjumaa, 2009).
Research has shown that understanding how users perceive the credibility of reviews, for
example, is important for the survival and development of online discussion forums (Cheung,
Luo, Sia, & Chen, 2009). Cheung et al. (Cheung et al., 2009) found that a high level of electronic
word-of-mouth review credibility enhances users’ adoption desires for online recommendations,
ultimately leads to continuous use, and attracts repeat visits to other consumer recommendations

forums (Cheung et al., 2009). The more trustworthy a system is, the more likely a user’s feelings
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of competence is enhanced. Therefore, we propose the following:
H4a: Perceived credibility positively affects perceived competence.

H4b: Perceived credibility positively affects continuance intention.

Perceived competence

Competence is the desire to feel a sense of satisfaction and effectiveness in attaining important
results (Deci & Ryan, 2000). Perceived competence is one of the three fundamental needs
proposed in the self-determination theory (Deci & Ryan, 2000). Perceptions of competence are
theorized to be important because they facilitate people’s goal attainment and provide them with
a sense of need satisfaction from engaging in an activity at which they feel effective (Ho, 2010;
Sarebg, Halvari, Gulli, & Kristiansen, 2009; Williams et al., 1998). Of the three psychological
needs, competence was found to be the most important in affecting attitudes towards using an e-
learning platform (Ho, 2010). This is because competence can make expectations increasingly
realistic and usage increasingly efficient. When realistic expectations of a system and efficient
usage converge, a high level of confirmation, i.e., realisation of the expected benefits of, for
example, using an online system for commitment, may be a likely outcome (Ho, 2010).
Therefore, the more competent one feels, the more likely one is to continue with an activity—in
this case, the more willing they are to continue using the system if it helps them to fulfil their
goals. Consequently, we propose:

H5: Perceived competence positively affects continuance intention.

Research Methodology

Study context

The artefact under examination in the present study is a Web-based Quantified Self (self-tracking

17



data collection and visualization) with commitment contracts system (Figure 2). The system is
primarily based on goal setting and encouraging frequent micro tasks based on users’ daily
routines and habits. The system allows one to create a contract to either spend less or more time
on a particular activity and if one does not stick to their goal(s) they are charged. The system

adds real consequences for not meeting planned goals.

Who is Beeminder for?

Here's the way to find out if Beeminder could be useful for you: Is there anything you know you should do, you really do want to do,
you know for certain you can do, yet that historically you don't do? (Also, are you a nerdy, lifehacking data freak?) If yes, you
should try it!

How Beeminder works

A Y
E Pledging $5.00 \
\

.T Start flat v )

| swear | Apr 09

Set a (graphable) goal. Your contract commits youto  Answer with your number If you derail, the road resets
pay if you go off track (but the when Beeminder asks — or at your current value and you
first time is free). connect a device that reports  get a week's respite before

to us automatically. being back on the hook at a

higher pledge amount.

Figure 2. The Study Context

The system encourages consistency by allowing users to commit to specific goals for
specific periods of time. Users can work on either single or multiple goals simultaneously and
the data entry into the system is both manual and automated. There are multiple integration
options where data from other systems are automatically retrieved and plotted in the system.
Progress is plotted on a graph that is easily accessible from one’s account either through mobile
devices or online. If the individual stays on track, then the service is free; however, if the
individual goes off track, then he or she pledges money to continue using the system in order to

progress with his or her goal. If the individual goes off track again, he or she is charged. Users
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can change or delete their set goals after a week from requesting such a change if they cannot
work on the goals set previously. The week's buffer enables the users to contemplate more
clearly what they would like to achieve and is suitable for them. End dates for the user goal(s)
can also be set. A summary of the artefact’s persuasion context is presented in Table 2 in the

previous section and further description of the system can be found in Appendix 2.

Data Collection and Respondent Characteristics

Between March and December 2016 (first between March and May and then between October
and December), an online survey of the system users was conducted. Data were collected using
an online software tool (Webropol). Participants were recruited through a public link that was
sent to their email addresses. We first shared this link with the owner of the system who then
sent it to the users. This ensured that the participants had already experience with the system. For
the second round of data collection, participants were entered in a draw for a hundred-dollar
Amazon gift card as an incentive for their participation. The first round of data collection had a
total of 173 responses and the second round had 54, giving a total of 227 responses without
missing data. The survey was opened by a total of 1009 respondents (523 in the first round and
486 in the second) of which 227 responded; thus, the effective response rate was 22.5%
(227/1009).

The survey had two main parts. The first part consisted of demographic questions and
questions related to the main goal tracked, whether having to pay a fee for not attaining their goal
encouraged them to work harder, use history, and use frequency. The main goal(s) tracked were
the default broad categories given in the system. For example, under fitness and training, it is
possible to track different activities such as jogging, walking, cycling etc. and the output of these

different activities would be plotted in the system. 74% (139/172) of those who responded to
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having to pay a fee for not meeting their goal stated that this motivated them and some even
switched to the premium plan which offers more options. Overall, 74% of the respondents were
male, about 52% were 30 years old or younger, and 85% had at least an undergraduate degree.

Tables 3 and 4 present the respondents’ characteristics.

Table 3. Respondent Characteristics

Frequency | Percent (%)
Gender Male 168 74.0
Female 54 23.8
Unspecified 5 2.2
Age 30 or under 117 51.5
31-40 67 29.5
41-50 31 13.7
50 and older 12 5.2
Education | High school and Vocational training | 33 14.6
Bachelor’s degree 94 41.4
Master’s degree 58 25.6
Other advanced degree 9 4.0
Doctoral degree 32 14.1

Table 4. System version, main goal, and use history

Frequency | Percent

20



Version Free plan 152 67.0
Bee Lite 23 10.1
Plan Bee 41 18.1
Beemium 11 4.8

Goals Fitness and training | 42 18.5
Health 51 225
Productivity 107 47.1
Learning 27 11.9

Use history | 6 months or less 49 21.6
6 months to a year | 27 11.9
1to 2 years 48 21.1
2 years to 3 years 44 19.4
3 or more years 59 26.0

The second part of the survey was the measurement instrument (Appendix A) consisting
of seven-point Likert scale items (ranging from strongly disagree to strongly agree). The
measurement instrument was used to examine users’ perceptions of the persuasive software
features and their influence on continued use of the system. Related to this, respondents were
also asked in an open text question “What new features/services could the system offer that

would add significant value to their use?”
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Data Analysis and Results

The research model was analysed using the structural equation modelling (SEM) approach,
namely, PLS, a technique for simultaneously estimating relations among multiple constructs.
SmartPLS software (Ringle, Wende, & Becker, 2015) was used for the data analysis. PLS-SEM
is appropriate when the purpose is to predict, rather than to test established theory, is suited for
exploratory purposes and uses very general soft distributional assumptions (Chin, 2010; Hair Jr,
Hult, Ringle, & Sarstedt, 2013) PLS-SEM is a variance based approach composed of two steps:
The first step assesses the measurement model, that is, analyses the relation of each indicator
with its corresponding constructs. In the research model, all of the constructs were reflective and
measured with at least two indicators. Reflective measurement models are typically assessed in
terms of their internal consistency, reliability, and validity. If the measurement model meets the
specified criteria, then the second step, the structural model, evaluates the hypothesized relations
between the constructs. The evaluation of the predictive capabilities of the structural model is
based on the significance of the path coefficients and the relations between the constructs (Hair
Jretal., 2013).

In addition to conducting a SEM analysis, open text responses to gather users’
perspectives on the suggestions for features that could significantly add value to the system and
the reasons they had to pay a fee at any point during their use of the system were also analysed.
These were optional so not all respondents answered the questions. The results results are

presented after those of the SEM analysis.

Measurement Model

The measurement model represents the relation between constructs and their corresponding
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measures. Constructs’ properties are assessed in terms of their validity and reliability, and
measurement items that are not at acceptable levels are removed. Evaluating the measurement
model addresses internal consistency (the composite reliability), indicator reliability, convergent
validity, and discriminant validity. Reliability and consistency are measured using Cronbach’s
alpha and composite reliability with values ranging between 0 and 1. High values indicate higher
levels of reliability, and values higher than the typically applied threshold of 0.7 are acceptable
(Fornell & Larcker, 1981). For composite reliability, values from 0.6 to 0.7 are acceptable in
exploratory research, while in more advanced stages of research, values between 0.7 and 0.9 are
considered satisfactory. A value of 0.95, however, indicates unnecessary redundancy in the
construct items (Hair Jr et al., 2013), and any value above this number should be omitted from
the construct to decrease the composite reliability to 0.95 or below.

The inter-construct correlations and the square root of the average variance extracted
(AVE) show that all the constructs share more variance with their indicators than with other
constructs. This, in addition to the indicators’ factor loadings, is a good measure of convergent
validity—the extent to which two or more items measure the same construct (Bagozzi & Phillips,
1982). High loadings indicate that the measurement items correctly measure the same
phenomenon and share a high proportion of variance (Hair Jr et al., 2013). Items with outer
loadings below 0.6 were omitted (in primary task support and dialogue support). The AVE
values for all the constructs were above the suggested minimum of 0.5 (Fornell & Larcker,

1981). The validity and reliability results are presented in Table 5.

Table 5. Reliability and validity of the constructs

CA CR AVE |VIF | COMP | CONT | CRED | DIAL | PRIM | SOCI

23




COMP | 0.882 | 0.913 | 0.737 | 1.157 | 0.858

CONT [ 0.896 | 0.928 | 0.765 | 1.158 | 0.302 | 0.874

CRED | 0.923 | 0.946 | 0.815 | 1.199 | 0.081 | 0.173 | 0.903

DIAL |0.667 |0.817 | 0.598 |1.271|0.145 |0.192 |0.260 |o0.774

PRIM |0.685 | 0.824 | 0.614 | 1.598 | 0.344 |0.535 |0.279 |0.371 | 0.784

SOCI |0.749 | 0.852 | 0.660 | 1.151 | 0.096 |0.161 |0.196 |0.308 | 0.175 | 0.812

CA = Cronbach’s alpha, CR = Composite reliability, AVE = Average variance extracted,
Bold values are square roots of AVE (discriminant validity), VIF = variance inflation factor

(full collinearity).

Structural Model

Assessing the structural model determines how well the empirical data support the theory,
showing the relations between different constructs and specifying how the constructs are related
(Hair Jr et al., 2013). The key results are the path coefficients and the R? values, which represent
the hypothesized relations among the constructs and the percentage of the total variance of the
dependent variable explained by the independent variables. The complete bootstrapping method
with 5,000 resamples and parallel processing with no sign changes was used. Two-tailed bias-
corrected and accelerated (Bca) bootstrap was the confidence interval method used. Nearly all
path coefficients are significant up to the .05 level (Table 8). Figure 2 presents the results of the

path model analysis.
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Figure 3. Structural Model

------ - insignificant relationship, * p < .05, *** p <.001

The results of the PLS analysis (Fig 2) provide moderate support for the research model.
Six (H1a, H1b, Hlc, H2a, H2b, H5) of the nine hypotheses were supported and primary task
support and social support explain 11% of the variance in perceived competence. Dialogue
support explained 13.7% of the variance in primary task support, about 10 and 7 % of the
variances in social support and perceived credibility. A substantial amount of the variance (30%)
in intention to continue using the system was explained by primary task support—perceived
competence explains a minimal amount of the variance and perceived credibility is not a strong

predictor of intention to continue to use the system.

Total Effects, Effect Sizes and Predictive Validity

Table 6 shows the total effects (direct and indirect effects) and the effect sizes of each construct

on the corresponding dependent variables’ variance. Effect sizes determine whether the effects
shown by path coefficients are small (.02), medium (0.15), or large (.35) (Cohen, 1988). Effect

sizes below .02 are considered too weak to be relevant, which is the case for three hypotheses.
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Dialogue support has the highest total effect (with a medium effect size) on primary task support,
whereas primary task support has the highest total effect on perceived competence (a medium
effect size) and continuance intention (a large effect size). Dialogue support also has an indirect

positive effect on perceived competence and continuance intention.

Table 6. Total effects and effect sizes (f?)

COMP CONT CRED PRIM SOCI
COMP 0.134 (0.023)

CRED | -0.023 (0.001) | 0.028 (0.001)

DIAL |0.134 0.204 0.260 (0.072) | 0.371 (0.159) | 0.308 (0.105)
PRIM | 0.343 (0.121) | 0.482 (0.272)

SOCI | 0.041 (0.002) | 0.005

The predictive relevance of the model was also assessed using Stone-Geisser’s cross-
validated redundancy measure (the Q? value). Values above zero for a certain reflective
endogenous construct indicate the path model’s predictive relevance for that particular construct
(Hair Jr et al., 2013). Predictive relevance was demonstrated for all endogenous constructs, with

continuance intention exhibiting moderately strong predictive validity (Table 7).

Table 7. Predictive relevance (Q? values)

COMP | CONT | CRED | PRIM | SOCI

0.071 |0.210 | 0.050 |0.075 | 0.055

Subgroup Analysis

The study also conducted subgroup analysis to investigate how the perception of design

principles vary between different groups. As understanding how the persuasive software features
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are perceived across user groups can help in personalizing behaviour change interventions
thereby increasing their effectiveness (Orji, Vassileva, & Mandryk, 2013). Further analyses
identified different relationships for the constructs’ path coefficients and explained variances in
the groups analysed compared to the full sample (Tables 8 and 9). We conducted a subgroup
analysis by dividing the full sample into two groups: gender and goals (referring to the main user
goals tracked by the system) (Table 2).

An analysis of the results presented in Tables 8 and 9 indicate that there were few
differences in the subgroups when compared to the full sample. There were significant
differences between genders in the paths from dialogue support to primary task support and
dialogue support to social support (a stronger influence in females). This corresponds with the
findings in Orji et al. (2013) which found the determinants of healthy eating to vary across
gender. Thus, pointing to the potential role gender, users’ values, individual differences or the
problem domain could have on the effects of the persuasive features and the importance of
accommodating the needs of different user groups (Halttu & Oinas-Kukkonen, 2017; Schneider
etal., 2016). This is highlighted in user a response to the question of having to pay a fee for not
meeting a planned goal where it was stated that: “the productivity system/commitment device
proposed isn't compatible for my circumstances (e.g. no income source as a student) and (in my
opinion) isn't an appropriate system to use for people in difficult circumstances (e.g. long-term
cognitive dissonance ala mental illness, apathy, repeated failures in self-improvement, etc.) .

In all the goals, the paths from dialogue support to primary support were supported at
varying levels of significance and in the health goals, dialogue support compared to the other

goals explained a significant amount of variance (33%) in social support.

Table 8. Path coefficients (p) for the Subgroups and the Full Sample
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Males Females Goals Tracked Total
Fitness Health Productivity | Learning

COMP- | 0.124 0.236 0.082 0.121 0.103 0.263 0.133*
>CONT
CRED- |0.017 -0.162 -0.006 -0.053 -0.016 -0.240 -0.023
>COMP
CRED- |0.013 0.008 0.136 0.361* | -.0080 -0.127 | 0.028
>CONT
DIAL- | 0.270*** | 0.167 0.500*** | 0.035 0.380*** -0.150 0.260***
>CRED
DIAL- | 0.330*** | 0.533*** | 0.470* 0.490*** | 0.274** 0.660 0.371***
>PRIM
DIAL- | 0.280*** | 0.405*** | 0.184 0.570*** | 0.272* 0.300 0.308***
>SOCI
PRIM- | 0.351*** | 0.330* 0.473*** | 0.381 0.382*** 0.166 0.343***
>COMP
PRIM- | 0.500*** | 0.400** | 0.540*** | 0.360** | 0.584*** 0.432 0.482***
>CONT
SOCI- |0.0701 | 0.080 0.290* | -0.180 0.008 0.102 0.039
>COMP

Note. *p < .05, **p<

.01, ***p <.001
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Note. The sample size for the learning goals did not meet the 10-times largest number of
incoming paths for any dependent variable threshold (Gefen, Rigdon, & Straub, 2011; Hair Jr

et al., 2013), but this did not adversely affect the analysis.

Table 9. Variances (R?) for the Subgroups and the Full Sample

Males Females Goals Tracked Total

Fitness Health Productivity | Learning
COMP 0.141 0.101 0.350 0.125 0.143 0.102 0.112
CONT 0.311 0.270 0.390 0.410 0.373 0.345 0.303
CRED 0.070 0.0279 | 0.250 0.001 0.145 0.022 0.067
PRIM 0.190 0.285 0.220 0.240 0.075 0.433 0.137
SOCI 0.080 0.164 0.034 0.330 0.074 0.082 0.095

Control variables

To test the robustness of the findings regarding the BCSS’s continuance intention, four control
variables (age in years, system version, and use history) were included as supplementary
predictors of perceived competence and continuance intention. None of the control variables
were found to be significant when they were simultaneously incorporated into the model. The
variance explained (R?) for both perceived competence and continuance intention slightly
increased with the addition of the control variables. Without the control variables, the variance
for perceive competence was 12% and with the control variables it was 13.1 percent. For

continuance intention, it was 30.3% without and 31.5 with the control variables.
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Common method bias

As a cross-sectional survey was used and all the variables were measured using a similar
instrument, common method bias (CMB) Podsakoff, MacKenzie, Lee, & Podsakoff (2003) poses
a threat to the validity of results. CMB is attributable to the measurement method rather than to
the constructs the measures represent and method biases are a problem because they are one of
the main sources of measurement error (Podsakoff et al., 2003). Podsakoff et al. (2003), provide
a number of suggestions on how to avoid the introduction of common method bias during data
collection. To minimise CMB ex ante, the respondents were assured of their anonymity and
confidentiality of the study and they were asked to answer questions as honestly as possible.
Data was also collected at two different points in time and the questionnaires included reverse-
coded items to reduce acquiescence (Podsakoff et al. 2003).

For ex post assessment of CMB Kock & Lynn (2012), proposed the full collinearity test
as a comprehensive procedure for the simultaneous assessment of vertical and lateral
collinearity. Through this procedure variance inflation factors (VIFs) are generated for all latent
variables in a model. The occurrence of a VIF greater than 3.3 is proposed as an indication of
pathological collinearity, and also as an indication that a model may be contaminated by CMB.
Therefore, if all VIFs resulting from a full collinearity test are equal to or lower than 3.3, the
model can be considered free of CMB (Kock, 2015), which is the case for our research model.

See Table 5 for results of the collinearity test.

Synthesis of the open text responses

The goal of analysing the open text responses was to gain a better understanding of the

improvements that could be made to the investigated system, users’ thoughts on having to pay
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for derailing on their goals, and to provide an overview of their perspectives through quotes.
73% (166/227) responded to the former question and 56% (126/227) responded to the second.
Below, we provide the categorisation of these responses and relate them to user’s perceptions of
the system’s elements and how it could be improved. The responses were coded according to
whether they were related to commitment or to specific persuasive features outlined in the PSD

model (Oinas-Kukkonen & Harjumaa, 2009).

Commitment and consistency

Among the key postulates outlined in the PSD model is that of people liking their views about
the world to be organized and consistent (Oinas-Kukkonen & Harjumaa, 2009). If systems
support the making of commitments users will more likely be persuaded. Commitment and
consistency become important because inconsistency may motivate behavior change (Oinas-
Kukkonen & Harjumaa, 2009). Consistency is engaged by commitment (to take a stand). And
once a stand is taken, there is a natural tendency to behave in ways that are consistent with the
stand (Cialdini, 2007). The artefact investigated in this study is designed to hold people
accountable for their decisions; it encourages consistency in decision-making by encouraging
users to set small easily achievable goals that they are willing to be penalised for if they don’t
meet.

Many of the responses to the question of whether having to pay a fee for not meeting
their goal were in the affirmative. For some, it is this form of hard commitments Reeves (2011),
that made them to think more about some of their goals and motivated them to continue with

these goals even after derailing:
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Once actual money is at stake, the bright line that separates success from failure matters
much more, and in turn | get things done. | want to keep it that way: If | didn't pay up, future

pledges would feel like there is no money really at stake.

Because the motivation that I get from tracking the goals is worth paying them when | derail.

Because the work | get done is more valuable than the amount | pay.
For others, adding a monetary consequence for derailing got them to reflect on (Halttu & Oinas-
Kukkonen 2017) the importance of the goal(s), on why they derailed, whether the goal(s) was
really benefiting them, or it was just any other activity they would not mind giving up or one
they tried and realized they do not like. This highlights interactive technologies’ ability to create
conditions that encourage reflection and that can lead to tangible results for the users (Halttu &
Oinas-Kukkonen, 2017). In a sense, because the users had to pay if they derailed on a goal, they
carefully had to consider which activities are important for them. This is reflected in the quote

below:

So that it would continue to work as a commitment device, and in part, to shame myself into
doing what | said | was going to do. The money would also sometimes help me see that goals
I thought were important to me weren't too important to me. If | would rather give ... $30

than practice Ukulele for 20min, perhaps it's a hobby | can feel okay about giving up.

I've derailed a LOT of times! Sometimes because it seemed worth the money to have the
peace of mind to skip a task, other times because even in my panic | couldn't manage the task
in time.
In order for the system to be even more useful, some suggested ways in which committing to
goals could be simplified and even recognized when and why they were failing to meet their

goals. They also did not want to renege on their commitments as once a stand is taken, there is a

natural tendency to behave in ways that are stubbornly consistent with the stand (Cialdini, 2007).
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I agreed to the commitment, and it would be ineffective if I didn't follow through with it.

I've derailed a LOT of times! Sometimes because it seemed worth the money to have the
peace of mind to skip a task, other times because even in my panic | couldn't manage the task

in time.

| failed to stay on my road and the payment was me making good on my commitment to

myself and to...

The system seems to perform well in encouraging users to be consistent in their goals and when
they fall short, the immutable monetary consequence (risk of losing their money) Rogers et al.

(2014) is enough to keep some on the right track.

Feature recommendations

For the most part, users found the system useful and easy to use. Although, some thought it could
be more beneficial if it was better tailored to users’ needs. An important design consideration is
to accommodate the needs of different user groups Schneider et al. (2016) and at least with the
free version, there are not many options for accommodating diverse user groups. Even though
users can pursue different goals, there isn’t much differentiation in the system’s features between
these goals. Improvement suggestions were for the general goal-setting features and the
possibility to track more specialised goals. In reference to features that support users to carry out
the real-world activity they would like to complete (Oinas-Kukkonen & Harjumaa, 2009) and

better guidance to make sure that user goals are set well and better fit the intended activity.

The option of pre-paying, so that | can get a reward for achieving a goal rather than paying a
penalty for not achieving it. | know that people are generally more loss averse than they are

gain seeking, so such a set up may not be optimal, but I'd be curious to try it out.
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Better and more accurate tracking of more parameters and goals. For example. If I am
learning Electric Engineering content, how can | track my progress efficiently, For

specialised goals there is no much support now.

Change the goal settings so that you can specify more complex levels than x minutes a week
or whatever, and instead be able to say, e.g., 1 thing every weekday.
Other than simplifying the goal-setting and tracking process, there were also suggestions for a
better user experience, integration with more services and improved features that support
communication between the users and the system by providing positive feedback as soon as
people start using them (Oinas-Kukkonen & Harjumaa, 2009; Rogers et al., 2014). These

included:

Rewards - a system for rewarding the user for doing more than the absolute minimum.

Encourage users to build a big buffer through rewards

Reminders that would zeno-poll towards a time that was earlier than the actual deadline by a
(configurable) number of minutes per outstanding unit of work... that is, reminding me when

I need to *start* working, not when I need to have *finished*

Currently, the system does not offer good opportunities for groups of friends or similar others to
share their results or offer each other support. Each individual can set their own goals and
progress at their own pace, but there are no good opportunities for a group of friends to pursue
the same goals concurrently if they would like to. Some suggestions to improve this included:

Goals shared by multiple users

Beeminder intergrates very well with other services at a data level, but it would be good for

it to integrate at a social level as well somewhat. I'm not sure how though. Using Beeminder

is often a lonely activity. Maybe a possibility to add "Friends" that are other Beeminder

users, then you could see when others are in the red or yellow or something, offer some
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words of encouragement and motivation to them. This could be done either within

Beeminder or by integrating into an external service somehow...
To meaningfully improve the efficacy of online systems that support the enforcement of
commitments, they will need to be engineered to be more effective. A suggestion, especially for
a system such as the one investigated in this study, is to make the penalties involve a range of
consequences beyond just monetary losses. Leveraging the influence of existing social networks
by creating social, in addition to monetary, consequences for failing to achieve goals will likely

increase their appeal (Rogers et al., 2014).

Discussion

In this study, we investigated factors influencing the decisions to use a BCSS for commitment.
We conducted an online questionnaire with 227 responses and used PLS-SEM to examine the
applicability of PSD in explaining users’ perceived competence and how PSD and competence
influence users’ intention to continue using a Web-based BCSS for commitment. The study
adopted a feature-centric view that advocates the examination of a system’s features rather than
the bundle of features available as it is the specific features in use at any point in time that
determine the overall experience and whether users meet their goals (Al-Natour & Benbasat,
2009). Open text responses were also analysed to gather users’ perspectives on the improvements
that could be made in the same and on the importance of the commitment aspect of the system.
From this analysis, it was evident that the monetary consequence for not meeting set targets was
a good motivator.

A subgroup analysis was also done to study whether there were any differences between
groups (gender and users’ goals) and the effect this had on the coefficients and variances. When

considering the variances for endogenous constructs there were differences in and within the
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subgroups as compared to the full sample with some constructs fluctuating. This suggests the
PSD constructs are to some extent perceived differently between genders and depending on the
goal type, some features might be more important than others. Therefore, it is important to
integrate the needs of different user groups. This can be done through, for example,
implementing an adaptive interface or ensuring that different usage styles are possible in one
interface (Schneider et al., 2016).

All relations (Fig 2) except H4a (perceived credibility positively affects perceived
competence) were found to be positively related. However, two of the positive relations and H4a
(which was negative) had very low path coefficients (0.039, 0.027, and —0.023) values meaning
the practical significance of the associations is very low. These findings extend the literature on
adoption and continuance intentions for persuasive systems (Lehto & Oinas-Kukkonen, 2015;
Lehto et al., 2012; Stibe & Oinas-Kukkonen, 2014) by identifying primary task support as an
important predictor of perceived competence and continuance intention. This is consistent with
findings in Lehto and Oinas-Kukkonen’s (2015) post-hoc analysis of simpler path models that
test the effect of PSD features on use continuance.

The five positive relations (dialogue support predicts primary task support, social
support, and perceived credibility and primary task support predicts perceived competence and
continuance intention) demonstrate the important role of PSD in use continuance. In line with
previous studies (Halttu & Oinas-Kukkonen, 2017; Kelders et al., 2012; Langrial et al., 2013;
Ritterband et al., 2009) that showed the importance of dialogue support, it was also shown in the
present study to be an important factor in evaluating the effectiveness of a system. The latter two

relations (primary task support as a predictor of competence and continuance) indicate that
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supporting a user’s primary goal likely leads to him or her feeling more competent and increases
the likelihood of continued use.

Interestingly, the direct effect between social support and perceived competence is weak,
in contrast to that in (Anderson et al., 2007), for example, who found that social support had an
indirect total effect on users’ nutrition through self-efficacy and self-regulation. This result may
be due to the unique nature of the system compared with other persuasive systems and the social
support construct itself. Two measurement items for the construct referred to the perception of
support through the system, and the self-developed item was social support mediated by the
system (Appendix 1). On the questionnaire, there was also a question asking users whether they
had social supporters (self-appointed peers who can follow up on users’ progress as this is an
optional feature in the system), and 71% (161) replied no. This can help explain the statistically
insignificant relation between social support and perceived competence as not many of the
respondents perceived or had social support.

This view is further supported by analysis of the open text responses in which some users
noted the lack of social support features. A suggestion for improvement was for the system to
offer better social engagement options, a way to share goals that encourages cooperation and
enhanced social support. The problem domain can also have an effect as leading to differences in
intervention characteristics between health care areas and in the perception of an intervention’s
persuasive features. There could be differences between web-based interventions aimed at people
with chronic conditions, at lifestyle and general well-being changes, or at mental health because
of the target group, involvement of healthcare professionals, and the duration of the particular
interventions. However, the underlying design principles could be the same (Kelders et al.,

2012).
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The relation between perceived competence and continuance intention, although positive,
was low which warrants further investigation. Especially as perceived competence was found to
be the strongest of the three psychological needs in predicting the intention to continue using e-
learning technology (Ho, 2010; Serebg et al., 2009). A possibility, as it is one of the three
psychological needs (Deci & Ryan, 2000), is to extend the present model with these other
psychological constructs, examine how they correlate with the PSD features, and affect
continuance intention. Although the self-determination theory posits that intrinsic motivation is
the prototype for self-determined behaviour, there is also recognition that there might be
moments when extrinsic motivation is required (Deci & Ryan, 2000). Therefore, extending the
present model with the other constructs might also help to better examine whether there are
significant differences between goal type and the psychological needs. The surprisingly negative
but statistically insignificant relation between perceived credibility and perceived competence
and the insignificant positive relation with continuance intention in contrast to Lehto and Oinas-
Kukkonen (2013) and Cheung et al. (2009) also warrants further attention.

The results from the open text response analysis also revealed how systems that
encourage users to be consistent in their decision making can better facilitate behaviour change.
When some users derailed on a goal, they seemed to reflect on the reasons for this and whether
their goal was important if at all. The monetary consequence was also a motivator as people are
inherently loss averse as was stated in one of the comments and was shown in Kahneman and
Tversky's (1979) seminal studies. Reflection is rarely the intent for BCSSs and it has been
suggested in Halttu and Oinas-Kukkonen (2017) that systems that cause users to reflect on their

actions can lead to different actions. Therefore it is important to understand the impact of
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persuasive software features and the interactions between them on users’ reflection (Halttu &

Oinas-Kukkonen, 2017).

Implications

Using the PSD model (Oinas-Kukkonen and Harjumaa, 2009), the study extends previous
research on use continuance of persuasive systems by looking at the effect of the persuasive
design principles on users’ perceived competence and continuance intention of an online system
for commitment. Persuasion can also be considered as a process and these design principles
provide techniques to further learn about users and their changing goals, which is important in
systems such as the one investigated where users have different objectives and motivations. PSD
directs attention to the characteristics or features of technology that may restrict or guide users’
actions in certain ways and it is important to consider users’ interaction with different features of
technology and how technology on its own can act as an environmental cue by triggering
automatic action (de Guinea & Markus, 2009).

A system’s use in a particular interaction also forms the basis for how it is perceived and
evaluated by its users. For example, persuasive features provide options on how a system can be
used, but it is users’ choices in terms of how they use the system that determines the relevance of
the evaluative criteria used to assess the system and the perceptions users form about the system
during their interactions (Al-Natour & Benbasat, 2009). There could also be a conflict between
the virtual and physical as a limitation of technology is that it is not comprehensive and does not
cater for a broad range of actions that a user may undertake. Therefore, it is important for the
developers of persuasive systems to understand and recognise that lifestyle behaviour change is
often a long term endeavour that permeates everyday life, including the social world (Consolvo

etal., 2009).
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Practically, the study highlights the importance of considering a system’s primary intent
and how this can be translated to software features that help users to achieve their main goal(s)
as not all users have uniform backgrounds. And a reason for non-adoption or discontinued IS use
could be the lack of “feature-function fit” (Markus & Tanis, 2000) between users’ needs and the
system’s features. Therefore, it is important to understand users’ relationship with a persuasive
system to fully understand their decision to continue using the system, the nature of that usage

and why it is being used in a certain way (for a particular goal) (Al-Natour & Benbasat, 2009).

Limitations and Future Research

The study had several limitations. First, some of the relations in the model, even some of those
shown to be strong in previous research, have lower or statistically insignificant values. A pilot
study prior to publishing the survey where the measurement instruments are tested could have
helped to improve factor loadings and the path coefficients between some constructs. Future
research should examine the weaker links more closely. A second limitation is that the research
model was applied to only one system. Thus, caution should be exercised about the
generalization of the findings to other contexts.

Also, even though the survey was distributed to all the users of the system, it is likely that
only the most active in the community filled the survey which could cause a bias in the results.
Selection bias is a major factor that limits the generalisability of results as surveys rely on self-
report and people are more likely to respond if there are items of interest to them or because they
are attracted by the incentives offered for participation (Eysenbach & Wyatt, 2002). There were
no incentives in the first survey, therefore it is likely that the respondents were interested in the
items in question. The second survey had an incentive, but this did not seem to encourage

participation as there were much less respondents.
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As noted in de Guinea and Markus (2009) and related to the previous point, self-report
techniques are not well-suited to obtain valid individual-level processes that take place outside of
people’s awareness. Therefore, future research should employ different procedures, such as
further subgroup analysis and application of constraints for data selection, observational studies
and experiments to better explain the effects of the various PSD strategies on user behaviour. As
the system investigated supported the pursuance of different goals, how carrying out these
different goals is supported by PSD as some goals might require different forms of engagement
and how this can help in changing long-term behaviour should be addressed in future research.

Considering the study also focused on continued use and interactions with the individual
over time, a longitudinal research design would have been appropriate. Even though we collected
data at two points in time, it was analysed in a cross-sectional manner because it was based on
different samples and the second round of data collection had a considerably fewer response rate
compared to the first. Future research should more specifically analyse the impact of time on the
data collection. Based on a similar sample, additional analysis could be conducted to determine
whether they are changes in the perceived support of the system over time and how this
influences users’ continuance intention.

Lastly, the sample also showed a bias toward male respondents, with 74% male. It is
possible that male users possess goal-oriented characteristics, such as decisiveness, whereas
female users place more emphasis on emotive qualities or hedonic value (Orji et al., 2013). To
investigate the role of gender in the proposed model, we conducted a subgroup analysis of how
the perception of the design principles varies between different groups. The results revealed there

was a stronger influence in females in the path coefficients from dialogue support to primary task
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support and to social support. The model mostly appears to operate similarly across genders, but

the difference in sample size between the two groups poses a threat to the validity of the results.

Conclusion

This study, in accordance with previous research provides evidence that persuasive system
features are associated to varying degrees with users’ perceived competence and continuance
intention of a system. It also gives insights into the importance of considering how demographic
characteristics, particularly gender can lead to different perceptions of the persuasive design
features. Additionally, as people had different goals for using the system, these differences might
require various forms of support and it is unwise to assume that the same design principles apply
equally to all users. Further, as in several previous studies, dialogue support was found to have a
crucial role in evaluating the effectiveness of the system as this feature strongly supports users’
interactions with the system and facilitates completion of the primary tasks. Primary task support
also strongly predicts users’ confidence in their ability to carry out a task and their intention to
continue using a system. Understanding the place of persuasive systems design in the context of
fulfilling users’ needs during user engagement with the systems can provide a means to
counterbalance factors that lead to the non-adoption or failure of digital interventions, especially
considering the nature of commitment systems in which something (usually of monetary value)
is at stake if specific objectives are not fulfilled. Studying how persuasive systems design may

enhance continued use is important for developing behaviour change interventions.
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Appendix 1: Measurement Instrument

Constructs Indicators Loadings
Dialogue Support The system rewards me 0.785
Lehto et. al, (2012) The system provides me with appropriate feedback | 0.751
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Lehto & Oinas- The system provides me with reminders for 0.525
Kukkonen (2015) reaching my goals*
The system encourages me 0.784
Primary Task support They system makes it easier for me to reach my 0.839
Lehto et. al, (2012) goals
Lehto & Oinas- The system helps me gradually reach my goals 0.877
Kukkonen (2015) The system helps me keep track of my progress 0.608
The system offers me personalized content™ 0.450
Perceived Credibility The system provides trustworthy content 0.922
Lehto et. al, (2012) The system provides believable content 0.937
Lehto & Oinas- The system provides accurate content 0.934
Kukkonen (2015) The system provides professional information 0.812
Social Support The system enables me to share with others 0.768
Stibe & Oinas- The system enables me to learn from others 0.909
Kukkonen (2014) The system enables someone (chosen by me) to 0.750
One self-developed check on my commitments
Perceived By using the system, | feel confident in my ability | 0.842
Competence to achieve my goal.
Deci & Ryan (2000) By using the system, | am capable of doing what it | 0.900
Williams et al. (1998) takes to achieve my goal.
Serebg et al. (2009) By using the system, | am able to achieve my goal. | 0.811
By using the system, | feel able to meet the 0.878

challenge of fulfilling my goal.
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Continuance I intend to continue using the system 0.936

Intention I will be using the system in the future 0.934

Bhattacherjee (2001) I am considering discontinuing using the system 0.839

I am not going to use the system from now on 0.778

*: removed items

Appendix 2: Description of the System

As described in the study context, Beeminder (https://www.beeminder.com) is a Web-based

information system for tracking different quantifiable goals. The system is for individuals who
would either like to develop a new habit or stop undesired habits. The main goal typs tracked
include Fitness and Training (e.g., biking a certain number of miles per month or year), Health
(e.q., floss three times a week), Productivity (e.g., reduce time spent on Facebook, write for 30
minutes every night before bed), Finance (e.g., reduce ATM withdrawals to €100/month) and
Learning (e.g., learn a new program language for 30 minutes each day). Registering to the
system is free and registration comes with access to additional services such as ability to set up
and track multiple goals, connect to different services, set up notification and reminder settings
etc. One can also login to the system using other social web systems such as Facebook, twitter,

and GitHub.
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https://www.beeminder.com/
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Mind Your Goals

Or, just keep abreast of the buzz:
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“It's an amazing piece of software. You guys really have impressive design abilities to take such a difficult concept and pull it off as a practical app. It's really a great feat in out-of-the-box thinking. Kudos!™

~ Conrad Barski, M.D., author of Land of Lisp

More testimonial ‘ ’

Figure Al. Screenshot of the system

Mapping the system to the research model’s constructs

Primary task support

e Simplified goal-setting process and breaking it into small steps
e Tracking and plotting of progress

e Those on premium plans have own programs with personalised recommendations

Dialogue support

e Email/SMS reminders which are more frequent the closer one is to derailing

e A periodic e-mail newsletter about the system and other related topics
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Credibility support

e Contact information and short bios for the owners of the system are provided.

e Links are provided to testimonials and other third-party endorsements.

e The Website is professionally designed, does not have errors and sources to the
information provided are provided (expertise and verifiability).

e There are no advertisements which can reduce the credibility.

Social support

e Discussion forums with ideas on goals to track and success/failure stories.
e Possibility to compare progress with others
e Possibility to give contact information for people to be contacted when you derail on a

goal.
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