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ABSTRACT

ARTICLE HISTORY

Cialdini’s six principles of inﬂuence are commercially used but less common to encourage healthy
behaviors. This study examines how these inﬂuence strategies relate to the persuasive systems
design (PSD) model constructs implemented in commercial mobile ﬁtness applications. Our
research questions address whether susceptibility to inﬂuence strategies strengthen the
relationships between persuasive constructs and, if so, which strategies and software features
are promising to leverage the persuasive eﬀects of systems designed to change health
behaviors. This study presents results from a survey of system users (N=147) and their selfreported susceptibility to the six principles. All PSD model constructs showed signiﬁcantly
unequal distribution for some inﬂuence strategy, indicating that susceptibility to these
strategies aﬀects how users evaluate systems. The commitment principle correlated positively
with all persuasive constructs, while reciprocation, scarcity and liking all signiﬁcantly aﬀected
system evaluations. Susceptibility to inﬂuence strategies also moderated the relationships
between PSD model constructs, but the moderation was often negative with small eﬀect sizes.
Our preliminary results indicate that practitioners could beneﬁt from utilizing these inﬂuence
strategies, especially susceptibility to commitment and reciprocation, which are stable and often
high. However, the interaction between these strategies and persuasive systems is not
straightforward and would beneﬁt from further research.
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1. Introduction
Interactive digital applications used to support aspirations for better health, time management or ﬁnancial
state are the most prominent examples of persuasive
technology. Persuasive technology refers to any ‘interactive computing system designed to change people’s attitudes or behaviours’ (Fogg 2003). The core assumption
of persuasive technology is that humans will communicate with computers, e.g. mobile applications, as they do
with other humans (Nass et al. 1995). When humans
communicate, they use persuasion to inﬂuence others’
thoughts, feelings and behaviors (Simons, Morreale,
and Gronbeck 2001), and similar techniques can be
used in human–computer interaction. In the context
of persuasive technology, persuasiveness is measured
by a system’s ability to generate persuasive eﬀects. The
actual mechanisms that might induce changes in attitudes and behaviors are derived from many diﬀerent
theories and psychological processes.
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One source of these mechanisms is the study of social
inﬂuence strategies, which were introduced by Robert
E. Cialdini (2001). Cialdini categorized a vast number
of studies into six principles of inﬂuence: reciprocation,
commitment and consistency, social proof (consensus),
liking, authority and scarcity. These principles are
widely used in marketing and sales to spur customers
toward making buying decisions. In the scientiﬁc community, the most relevant work has been done in the
ﬁeld of persuasion proﬁling, which refers to methods
of utilizing individual susceptibility to persuasive strategies (see, e.g. Kaptein et al. 2015). Studies on susceptibility to persuasion have indicated that using the
principles to which a user is most susceptible increases
compliance with message requests (Kaptein et al.
2012; Kaptein and Van Halteren 2013). Susceptibility
to certain principles is considered a stable trait and comparatively independent from the actual target behavior
(Kaptein and Eckles 2010).
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In terms of adapting persuasive change mechanisms
to interactive digital systems, the most comprehensive
framework is presented by the persuasive systems
design (PSD) model (Oinas-Kukkonen and Harjumaa
2009), a collection of mechanisms capable of persuasive
eﬀects. The model categorizes principles into four
groups based on their target eﬀects on the system
design. The essence of the model is that the persuasiveness of the system is based upon the design of the system
itself, although some of the principles are more focused
on the contents, such as personalization, tailoring and
praise (Oinas-Kukkonen and Harjumaa 2009). The
PSD model has been used to both design (Karppinen
et al. 2016; Teeriniemi et al. 2018) and evaluate (Halttu
and Oinas-Kukkonen 2017; Lehto, Oinas-Kukkonen,
and Drozd 2012; Meedya et al. 2019; Shevchuk and
Oinas-Kukkonen 2019) systems that incorporate intentional behavior change. In terms of PSD model categories, most physical activity support systems
implement principles of primary task support (selfmonitoring) and dialogue support (e.g. praise, rewards,
reminders). Due to tracking and data collection capabilities, they often also employ credibility support features (e.g. trustworthiness, expertise, authority).
While persuasion strategies are considered useful
in, for example, marketing, they have not been extensively used to support health-related behavioral
change support. There is also a lack of understanding
regarding the overlaps and interactions between
diﬀerent strategies in interactive systems, as sources
for inﬂuence principles are numerous (Kaptein et al.
2015). In this study, we have surveyed regular users
of physical activity support systems and measured
how they evaluate the following features of their selfselected systems: primary task support, dialogue support and perceived credibility. We also assess the correlation between PSD model constructs and
susceptibility measures. The system evaluations are
then further explored based on the moderating eﬀect
of susceptibility to Cialdini’s persuasion strategies.
The aim of this study is to understand the similarities
shared by the persuasion mechanisms and to ascertain
if susceptibility to persuasion strategies strengthen
system persuasiveness.
Our research questions are the following:
RQ: How does susceptibility to social inﬂuence strategies relate to evaluation of persuasive design features?
Sub-RQ: Which strategies and software features are
most likely to leverage the persuasiveness of systems?

Our paper continues with theoretical background,
focusing on introduction of Cialdini’s six principles

and recent studies that update his theories. We also outline
how personality factors have been connected with susceptibility to persuasion and with the research on persuasion
proﬁling. After describing our research model and methodology, we present our results and discuss both previous
research and our contributions to the literature.

2. Related work
2.1. Cialdini’s six inﬂuence strategies
Robert B. Cialdini studied the psychology of compliance
and the psychological principles that increase the tendency to comply with requests. His work consisted of
observing ‘compliance professionals,’ like salespeople
and advertisers, and he organized thousands of
observed behavioral tactics into six categories (Cialdini
2001). These psychological principles are described by
Cialdini as capable of producing mindless compliance,
a ‘willingness to say yes without thinking ﬁrst’ (Cialdini
2001). In the following, we brieﬂy present these principles and extend the ideas of the original work to
encompass more recent contributions from several
disciplines.
Reciprocation refers to our obligation to repay others
for what they have given us. It is considered a very strong
inﬂuence strategy, partially because of its universal presence in human cultures (Cialdini 2001, 19). It is so strong
that some people feel anxious in situations requiring reciprocation (Xiong et al. 2018). However, reciprocation
works well in many contexts, including that of verbal
communication, as is demonstrated by the case of the
UK’s National Health Service Organ Donor Registrations
(Sallis, Harper, and Sanders 2018). In that quasi-randomized, controlled trial case, persuasive messages with an
embedded reciprocation strategy tied with loss-framed
messaging were the most eﬀective tactic for increasing
organ donor registration. In digital services, reciprocation can be implemented by oﬀering free trials or free
parts of a service.
Gift-giving, in this context, serves as a favor that
obliges repayment through purchase or continuing use
of the service. In health and wellness applications and
communication, it is possible to use this strategy to create a sense that the system has already done the heavy
work for the user (creating insights, summaries, etc.)
and to give the user an easy way to reciprocate (e.g. giving supportive information, evaluating the insight, etc.).
Scarcity utilizes the common human tendency to
desire things more if they are scarce. Messages implying
limited quantity (product scarcity) or time (resource
scarcity) are used widely in marketing campaigns to
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drive consumer conversion (Hamilton et al. 2019).
According to Cialdini (2001), products that are diﬃcult
to obtain are valued more highly because scarce availability indicates that the product is of good quality
and in high demand. Scarcity also restricts our freedom
to choose, prompting us to try to retain that freedom by
increasing our desire for the limited product, as
explained by the reactance theory (for an overview,
see, e.g. Miron and Brehm 2006). Research has also
shown that consumers want products more when they
have limited information about them (Cialdini 2001).
Recent study of the eﬀects of scarcity on decision-making in various parts of the journey the customer interacts with the service indicate that resource scarcity
enhances elaboration of varying solution alternatives,
while exposure to product scarcity mainly narrows product considerations. Therefore, prolonged exposure to
resource scarcity may have more long-term eﬀects on
how people think and behave, such as on their willingness to delay gratiﬁcation (Hamilton et al. 2019). The
eﬀects of either type of limitation vary according to
the type of product under evaluation. For conspicuous
products, limited quantity indicates a uniqueness that
can also be achieved by limited editions (Jang et al.
2015). Both Hamilton et al. (2019) and Jang et al.
(2015) show that the eﬀects of scarcity are not straightforward and that its use in health behavior persuasion
should be carefully considered.
The presence of scarcity induces feelings of arousal
that hinder an individual’s capacity to engage in information processing tasks. Cialdini (2001) originally
suggested that this evoked heuristic, automatic, ruleof-thumb responses to scarcity appeals; however, more
recent studies have reported that, in response to scarcity
tactics, devotion of cognitive resources to message
evaluation is moderated by the individuals’ motivation
to elaborate. If the initial motivation to evaluate, for
example, a product oﬀer is initially low, scarcity
increases the degree of attention given to task-relevant
cues, making the evaluation process more systematic
and thorough. Individuals also tend to focus on
resources that are scarce; therefore, short-term goals
relating to such resources may be considered more salient (Hamilton et al. 2019). Extended exposure to
resource scarcity, such as limited capital in families
with a low socioeconomic status, increases awareness
and monitoring of the social environment. Like reciprocation, a preference for scarce items also appears to be
culturally driven (Diesendruck et al. 2019). In marketing communication, the indicated scarcity might be in
time (e.g. a 24-hour special oﬀer), in amount (‘only a
few items left in stock’) or in availability (oﬀer presented
‘only to a select few’).

3

Authority refers to our tendency to comply with
orders given by authority ﬁgures. Often, individuals
who possess high levels of knowledge, wisdom or
power are also true authorities whose advice we should
follow. However, symbols of authority can also serve as
cues for obedience, even without any other evidence of
the presumed status. This eﬀect is one example of cognitive shorthand (Simons, Morreale, and Gronbeck
2001). Other examples include recommendations by
experts in product advertisements and the use of logos
of organizations with good reputations. Systems may
also deliver information related to scientiﬁc studies or
medical doctors and base the feedback they give on collected measures and tracking data. Many mobile tracker
applications have names or marketing messages that
position themselves as ‘personal trainers,’ ‘coaches,’ or
‘health experts.’ This suggests that, in addition to or
instead of merely referring to authorities, they position
themselves as an authority on the topic. This is also an
example of computers, as social actors, creating
relationships with users in order to persuade them
(Fogg 2003).
The commitment principle, often presented together
with or as consistency, is based on our need to craft a
stable worldview in which we think and act consistently.
This is particularly manifested through the alignment of
current actions and behaviors with what we have said
and done in the past; we prefer to do as we said we
would do. This principle is among the few that are
usually useful; being consistent makes us more liked
and predictable, and being aligned with our own
thoughts and actions makes us feel good about ourselves. Consistency with previous actions decreases the
cognitive load needed to process information presented
by similar subsequent events. Individuals diﬀer remarkably in their preference for consistency (PfC), as
demonstrated by the scale developed to measure it
(Cialdini, Trost, and Newsom 1995). Individuals with
high PfC are more consistent in their behaviors and
experience strong unpleasant feelings when their attitudinal inconsistency is made accessible and more salient
(Newby-Clark, McGregor, and Zanna 2002). PfC is also
associated with emotion regulation, and it seems to
increase with age, perhaps due to motivation to reduce
emotional upset (Brown, Asher, and Cialdini 2005). A
recent study in which robots performed foot-in-thedoor sequential requests on humans (Lee and Liang
2018) demonstrated that this technique has a strong
eﬀect. More interestingly, the eﬀect was not dependent
on the robot’s performance or perceived credibility.
This suggests that preference for consistency moderates
attitudes, beliefs and behaviors at the source-independent level. People tend to support their previous
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commitments with new justiﬁcations, and commitments often survive longer than their initial purpose
(Cialdini 2001). The commitment principle can be utilized by allowing users to share their application or product preferences with others, which encourages them
not to deviate from their previous actions and to keep
using the products.
Consensus is often referred to as social proof. We use
the term ‘consensus’ in this paper, following the original
measurement items developed by Kaptein et al. (2009).
Consensus implies that we decide how to act or think
based, in some part, on how other people are acting
and thinking. This tendency is especially strong in situations in which we are very uncertain or among similar
people. Consensus is an informational strategy, and, as
information comes from other people, it is strongly
aﬀected by cultural diﬀerences. Logically, individuals
who consider their own knowledge to be superior to
that of others are not highly susceptible to inﬂuence
by behaviors of a given group. Traditional implementations of the consensus principle show consumers
what other people have purchased. The eﬀect is further
strengthened when a consumer looks at certain products and is told what other people who looked at the
same product ultimately purchased. Like scarcity, consensus speeds up decision-making (Cialdini 2001) and
is, therefore, often used in marketing communication.
Liking is a principle that relies on the persuasive
power of considering someone or something likable.
Cialdini (2001) lists physical attractiveness, similarity
and familiarity as reasons that an individual might
acquiesce to a request from a person they like. In
addition, we like people who co-operate with us, who
share similar values and who give us compliments.
Studies suggest that why we like something is based
on mere exposure to it; when we encounter similar
stimuli repeatedly, processing the related information
grows easier (Zajonc 2001). Recent research has questioned whether the ﬂuency of processing might be a
key factor, or if liking is based upon matching a stimulus
to similar extant representations (Montoya et al. 2017).
Regardless, it is clear that exposure alone can positively
inﬂuence attitudes. Using a series of four studies, Garner
(2005) investigated how similarity in names inﬂuenced
liking and compliance. The ﬁndings indicate that
name similarity itself is a strong inﬂuencer, is not
dependent on familiarity, and led to more careful and
compliant processing.
Liking is a principle that can have long-term eﬀects
on customer retention and on health behavior. As the
importance of exposure suggests, being familiar and
recognizable to the user strengthens the ability to inﬂuence their behaviors. A feeling of co-operation might

also support persuasive powers. For digital interactions,
however, physical attractiveness is probably the closest
match. This impact can be explained by the halo eﬀect
—we assign good qualities to things that signal positive
characteristics, even when there is no logical reason for
the association. Recently, a study of dominant and submissive interaction styles indicated that persuasion
might be more eﬀective when users do not like the system and that the users preferred systems that were similar to their interaction style (Ruijten 2021). Although
this ﬁnding seems to contradict with liking principle,
it is not clear whether this eﬀect is sustained in longer
relationships with the system, such as in self-monitoring
or health behavior change systems that are designed to
be used for extended periods.
Cialdini’s social inﬂuence mechanisms are not
entirely free of contextual interference. There are several
moderators of information processing activities that
impact whether an attempt to inﬂuence triggers a direct
or peripheral route. One of the most studied and established moderators is a trait called need for cognition
(NfC). Cacioppo et al. (1986) argued that people with
a high NfC are more likely to think intensively about
incoming messages than people with a low NfC.
While NfC and the elaboration likelihood model
(ELM) focus on attitudes, high NfC also predicts stronger attitudinal and behavioral consistency. In a study by
Whittler and Manolis (2015), NfC moderated persuasive expression based on scarcity and authority in diﬀerent ways. The use of authority increased message
elaboration, and strong arguments led to more favorable
product evaluations. When the scarcity principle was
used, argument strength did not have any eﬀect; however, high-NfC individuals had more negative thoughts
about the product. Overall, feelings of product scarcity
increase arousal. This, however, can make message elaboration more diﬃcult (high NfC) or increase attention
(low NfC), leading to a more elaborate processing of
task-relevant cues (Hamilton et al. 2019). These ﬁndings
indicate that persuasion is not independent of context of
use but is highly sensitive to the eﬀects of other traits
and argument qualities. This further implies that the
use of persuasion strategies in system design should
focus on strong arguments, which tend to be more eﬀective and are more often processed via a direct route.
2.2. Persuasion and personality
The relationship between persuasiveness, a person’s
overall susceptibility to being persuaded, and other personality characteristics has been examined in several
studies. Alkiş and Taşkaya Temizel (2015) studied the
link between personality traits and susceptibility to
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inﬂuence strategies by collecting survey data from Turkish university students. Though their study was not
explicitly connected to health applications or activity
tracking (sample was taken from general student population), it is useful to this examination because it
mapped the Big Five personality traits to speciﬁc inﬂuence principles. Individuals with high agreeableness
were the most susceptible to persuasion strategies,
with signiﬁcant causal relationships between agreeableness and authority, reciprocation, commitment, consensus and liking. All of these principles indicate sensitivity
toward other people’s opinions and actions. Scarcity, on
the other hand, was linked only to extraversion and
neuroticism and seemed to diﬀer from other strategies.
Oyibo et al. (2018), in a study with Canadian participants, also concluded that none of the Big Five personality traits predicted scarcity. In a recent study assessing
the relationship between personality proﬁles and susceptibility to persuasion, Wall et al. (2019) found that
‘Fearful’ individuals who reported high neuroticism,
social inhibition and negative aﬀectivity were likely to
obey authority and were generally susceptible to strategies oriented towards other people (reciprocation and
consensus). A ‘socially apt’ proﬁle high in extraversion,
agreeableness and conscientiousness was highly susceptible to commitment, indicating preference for consistency with previous behaviors. ‘Malevolent’ proﬁles that
scored high in extraversion and negative aﬀectivity also
manifested so-called dark triad traits and were susceptible to scarcity (Wall et al. 2019). The importance of
culture to the creation of susceptibility to scarcity is supported by a recent study that concluded that scarcity is
unique to humans and is learned when children develop
their cognitive skills in social interaction (John et al.
2018).
In terms of cultural diﬀerence and its eﬀect on inﬂuence strategies, Orji et al. (2019) demonstrated that individualist and collectivist dimensions, which ‘account for
most of the variance in global diﬀerences,’ have statistically diﬀerent levels of susceptibility to four out of six
strategies. Collectivists performed higher in authority,
reciprocity, liking and consensus, while individualists
were persuaded most by scarcity. For collectivists, commitment and reciprocity were strongest; for individualists, commitment. Cialdini et al. (1999) also reported
cultural diﬀerences in the comparative inﬂuence of
commitment and social proof (consensus) strategies.
2.3. Persuasion proﬁling
Persuasion proﬁling refers to the methodologies used to
personalize persuasive messages based on users’ susceptibility to diﬀerent persuasion strategies. Tailored
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messages or other textual content is the most popular
approach to the personalization of interactive systems.
According to the elaboration likelihood model (ELM),
a prominent dual-process theory of attitude change
(Petty, Barden, and Wheeler 2009), any inﬂuence strategy based on message content is dependent upon the
user’s motivation and ability to process the information
contained in the message. The eﬀectiveness of tailoring
is suggested to be grounded in the resulting increase in
personal relevance, which is among the most important
variables aﬀecting motivation to process information
(81; Petty and Cacioppo 1986). Accordingly, increasing
relevance is considered eﬀective at improving the persuasiveness of systems (Orji et al. 2019).
Proﬁles can be created based on questionnaires or an
accumulated understanding of user context; the latter is
based on the average eﬀects of segments or target behaviors. Proﬁles may also be based on users’ responses to
actual messages (e.g. monitoring their susceptibility in
operation). These operative measures out-performed
(self-reported) meta-judgment and are, therefore, considered to be the most eﬀective alternative. However,
they may also introduce ethical dilemmas through
potential threats to user privacy (Kaptein 2018). The
present paper focuses on susceptibility to persuasion,
which, in this context, refers to the scale created by Kaptein et al. (2009). The scale is based on six persuasion
principles (Cialdini 2001), and the questions used in
this study are presented in the Appendix. The scale
has previously been used in the context of the health
domain (Kaptein, Lacroix, and Saini 2010) but not in
the context of health or ﬁtness users. In this study, a
basic version of the questionnaire developed by Kaptein
et al. (2009), not explicitly referencing to health behaviors, was presented to health-tracking individuals. In
the following, we will brieﬂy discuss how susceptibility
to Cialdini’s persuasion strategies have been studied in
relation to personalization and targeting and will note
any relevant implications.
Most published studies in this ﬁeld focus on text
messages. For example, de Vries et al. (2017) identiﬁed
persuasive messages and studied their perceived levels
of motivation. In a study of the use of Persuasive text
messages to reduce snacking, results indicated that the
most important factor to the design of persuasive communication is the avoidance of wrong principles. The
study demonstrated a low success rate with contra-tailored messages (Kaptein et al. 2012).
Kaptein, Duplinsky, and Markopoulos (2011)
explained the reducing eﬀect of disclosure of attempts
at persuasion through a dual-process model, arguing
that information about the persuasion attempt
encourages elaboration, reduces peripheral processing
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and, therefore, strengthens inﬂuence via a direct route.
Kaptein, Duplinsky, and Markopoulos (2011) also
argued that multiple strategies engendered feelings of
skepticism and a lack of trust, rendering them noneﬀective. Allowing users to choose which strategy to
use increased compliance, as did perception of free
choice. Finally, when persuasion attempts were adapted
to users’ responses and the system learned on the go,
eﬀectiveness decreased at a slower rate than did that
of ﬁxed proﬁles (Kaptein et al. 2015). Susceptibility is
highly variable among individual users (Kaptein and
Eckles 2010), making it diﬃcult to build models based
on averages that also allow for personalization.
Compared to the many other ways to create personalized proﬁles for customers or system users, persuasion proﬁles focus on means instead of ends (Kaptein
and Eckles 2010). In other words, they personalize tactics rather than ﬁnal behaviors or outcomes. The
desired behaviors can be anything: less ﬂying, more
savings, eating more vegetables, etc. This makes them
extremely useful for domains in which persuasion
would otherwise narrow desired behaviors (Brynjarsdóttir et al. 2012). It is noteworthy, however, that
ELM states that any variable the user evaluates may
serve either as argument or as peripheral cue (Petty
and Cacioppo 1986). This so-called multiple role postulate posits that simple cues of social inﬂuence principles, such as scarcity, can serve as triggers for
peripheral processing or entice the attention for a
higher degree of conscious elaboration (Petty and
Wegener 1999). Hence, one can inﬂuence the eﬀectiveness of social persuasion strategies by persuading the
user to further elaborate upon their preferences. This
increased attention, however, may not lead to compliance with subsequent requests.
2.4. PSD model
The PSD model is a conceptual framework for developing and evaluating persuasive behavior change
technologies (Oinas-Kukkonen and Harjumaa 2009).
The design model is three-phased and begins with
postulates outlining some of the key concepts underlying each persuasive system. The second phase
guides the decision-making process related to, for
example, target behaviors, relevant factors of the problem domain or suitable strategies for communicating
persuasive messages. Actual system features are
selected in the third phase. These features are grouped
into four categories: primary task support, dialogue
support, system credibility, and social support. Primary task support includes all features that support
the user in completion of the task most relevant to

the target behavior. Various features from the dialogue
support category, such as feedback, rewarding or
reminding, are included within primary task support,
as are extensively-utilized self-monitoring, reduction
and tunneling. Counting steps is an example of scaling
down a complex target (in this case, a goal to be
more physically active) into simple and easily-monitored steps. In tunneling, the user is guided through a
series of questions and tasks that facilitate focus on
essential aspects (Matthews et al. 2016). Elements of dialogue support are naturally intertwined with primary
tasks, but this is especially true for self-monitoring,
which gives feedback, praise and rewards and uses
reminders to keep the user appraised of their progress.
System credibility features illustrate how the persuasive
powers of credibility can be leveraged in system design:
a carefully-crafted appearance and the adoption of certain behaviors can enhance credibility (surface credibility) as can the inclusion of deﬁnitive information
that exhibits expertise. Finally, features of social support
focus on the eﬀects of social inﬂuence (Oinas-Kukkonen
and Harjumaa 2009).
Mobile applications that track physical activity typically implement primary task support self-monitoring
functions. If a wearable, such as a heart rate monitor
is not being worn, the application can utilize smartphone sensors to track distance and pace. Many applications also use maps to illustrate progress, and those
that track activity in terms of steps, which is the case
for most applications designed for wearable devices,
also implement the primary task support principle of
reduction. All applications generate summaries of the
data they collect and present it to the user as diﬀerent
kinds of statistics or visualizations. Statistics are a part
of the reﬂection-on-action type of feedback (Ploderer
et al. 2014), which is delivered after the activity is complete. Feedback is also provided during the exercise or
activity through updates that show progress and other
relevant data, such as page and distance. These feedback
functionalities implement dialogue support features of
the PSD model, which may take the form of praise,
rewards or reminders.

3. Research model and hypotheses
Our research model is based on the work of Lehto and
Oinas-Kukkonen (Lehto and Oinas-Kukkonen 2015;
Lehto, Oinas-Kukkonen, and Drozd 2012; Lehto et al.
2012), who developed measurement items and basic
models for quantitative research approaches. Figure 1
illustrates the research model. All of the relationships
among the constructs, represented by arrows, are
assumed to be positive.
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Figure 1. Research model and the hypotheses.

These constructs were chosen to model how persuasive systems function at a general level. All of this
study’s measurement items are existing constructs,
and the relationships between the selected constructs
have been validated with various studies and data sets
(Halttu and Oinas-Kukkonen 2017; Lehto and OinasKukkonen 2015; Lehto, Oinas-Kukkonen, and Drozd
2012; Lehto et al. 2012). We slightly modiﬁed the original wording of the questions to match our study’s
focus. The original source of each construct and the
exact wording used in the study questionnaire are available in Appendix A. Table 1 deﬁnes the constructs and
hypotheses for this study and presents prior research
that conﬁrms these paths. In addition to conﬁrmatory
hypothesis testing of PSD model relationships, we
explored the moderating eﬀects of susceptibility to persuasion strategies by running moderator analysis for all
six strategies and for all ﬁve paths of the research model.

4. Research methodology
4.1. Data collection and respondent
characteristics
An email invitation letter containing the link to the
Webropol survey was sent to 18,605 students and
employees of the University of Oulu. The introductory
text indicated that survey respondents should be regular
users of a health or well-being service. The measurement items for collecting data for research model presented in Figure 1 is available in Appendix A. All the
measurement items consisted of seven-point Likert
scale items ranging from strongly disagree (1) to
strongly agree (7). The participants were ﬁrst asked to
list the applications and services that they used. Then
they were asked to select one main service to serve as
the evaluation object in subsequent questions.

Some 176 responses were received (a sample rate of
0.95%). After checking the validity of the responses,
any response with low or unclear use of a relevant application or a response from user of a service or application
not considered to be a health or wellness application
were removed from the data set. The ﬁnal sample contained 147 valid responses, of which Table 2 presents the
basic demographics. The respondents were primarily
women under 30 years old and educated at the undergraduate level. A bit less than half of the respondents
(44.9% when part-time employees and entrepreneurs
were included) were employees, while over half
(51.7%) were university students.

4.2. Mobile application characteristics
The most commonly-used service was Sports Tracker
(21 women, 15 men), followed by the Polar Flow and
Beat applications (altogether 19 women, 11 men) and
by HeiaHeia (10 women, 2 men). The biggest group,
‘others,’ (25 women,19 men) included 30 diﬀerent
applications and services, each of which was used by
one to four respondents. A Pearson chi-square test
revealed no signiﬁcant diﬀerences between men and
women, although some services seemed to attract
one gender more than the other. Figure 2 illustrates
screens from this study’s three most-used mobile
applications.
Sports Tracker and HeiaHeia are mobile apps that
can be used without any additional wearable tracker,
but both can be complemented by such a device. Polar
Flow is a mobile application that complements the use
of Polar heart rate monitors and wrist-worn sports
watches. All of these apps are based on self-monitoring
functionality, though Polar Flow also implements the
reduction principle, as it shows physical activity as
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Table 1. This study’s constructs and hypotheses.
Hypothesis
H1: Dialogue support is
positively related to primary
task support

H2: Dialogue support is positively
related to perceived credibility

H3: Design aesthetics are
positively related to dialogue
support

H4: Design aesthetics are
positively related to perceived
credibility

H5: Perceived credibility is
positively related to primary
task support

Description

Related Studies

Features in the category of dialogue support facilitate interaction between
the user and the system. In the context of self-monitoring tools, this
category contains the essence of the tool—feedback that enables the
user to see their own behavior and evaluate progress towards goals or
targets. Dialogue support is often the most prominent feature of the
system, and its impact on the users’ experiences and acceptance of the
system is signiﬁcant.
The interactive features support the user when they are completing
important and essential tasks (i.e. primary tasks). A well-designed system
oﬀers the right kind of support at the right time, thus increasing the
user’s potential to meet the desired goal(s). In the context of selfmonitoring tools, the self-regulatory process is built upon constant
feedback that facilitates corrective actions and conﬁrmation of
completed actions. Therefore, in persuasive systems, dialogue support
features should positively inﬂuence primary task support.
Due to the prominent nature of feedback and other dialogue support
features, like rewards and praise, these elements have the potential to
either support or damage the credibility of the overall system and the
services it provides. While trust in a service provider is a somewhat larger
phenomenon than the inﬂuence perceived via dialogue support, recent
contributions in the ﬁeld of health information systems indicate that the
credibility of the system transforms into trust over prolonged use (Shin,
Lee, and Hwang 2017).
When the dialogue features provide feedback that the user ﬁnds
reasonable and useful, the perceived trustworthiness and reliability of
the information source are enhanced. Credibility can also be formed
through interaction with the system or service (Wathen and Burkell
2002). Previous studies have implied that dialogue support is among the
strongest contributors to perceived credibility.
Design aesthetics address visual experience, the attractiveness of the
visuals on the screen, and the general appearance of the service.
According to Fogg (2003), systems that are more attractive are more
persuasive. Our ability to determine the aesthetic quality of an object is
highly eﬀective, and evaluations form fast, implying a natural tendency
of our visual system that is relevant to success (Dou et al. 2019).
One of the elements of aesthetics is the user impression of visual
complexity (Reinecke et al. 2013). Regarding the feedback given through
self-monitoring tools, unnecessary complexity decreases evaluations of
aesthetic qualities and, therefore, diminishes overall perceptions of
dialogue support.
Experimental studies have demonstrated in the context of web pages that
more reﬁned aesthetics decisions increase perceived levels of credibility
(Robins and Holmes 2008). Robins and Holmes further suggest that this
amelioration eﬀect relies on visceral judgement and diminishes when
cognitive evaluation is complete. Design quality, another of the
components of aesthetics, enhances feelings of trust in online
transactions and is an also important contributor to usability and system
performance (Sonderegger and Sauer 2012). The role of design
aesthetics in usability, however, seems to diminish if the product is used
for a long period of time (Sonderegger et al. 2012).
A belief in the trustworthiness and reliability of a service facilitates user
achievement of primary tasks. If users trust the service, they are more
likely to follow its recommendations and believe that the service is
helping them reach their desired goals. Hong (2006) showed that trust
and expertise predicted intentions to visit health-related websites, and
Fogg (2003) found that trustworthiness leverages the system’s
persuasive power, especially regarding persuasion delivered via the
primary task support category features.

Lehto and Oinas-Kukkonen (2015); Lehto,
Oinas-Kukkonen, and Drozd (2012); Lehto
et al. (2012)

steps. The most prominent dialogue support feature
among the applications is feedback, which is delivered
both in and on action (Ploderer et al. 2014). Depending
on the features selected by the user, applications may
also remind, praise or reward user actions. The credibility support category is mainly represented by surface

Lehto and Oinas-Kukkonen (2015); Lehto,
Oinas-Kukkonen, and Drozd (2012); Lehto
et al. (2012)

Lehto, Oinas-Kukkonen, and Drozd (2012)

Lehto, Oinas-Kukkonen, and Drozd (2012)

Halttu and Oinas-Kukkonen (2017)

credibility evaluations of the overall reliability of the system. Polar, on their website, also makes references to
their own research center. However, this information
is not readily visible in the mobile application, making
it diﬃcult to assess if the application beneﬁts from the
trustworthiness and expertise principles of the
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Table 2. Demographics.

Gender
Age

Service use time

Employment status
Highest completed
education

Frequency

Percent
(%)

Female
Male
19–29
30–39
40–63

88
59
82
40
25

59.9
40.1
55.8
27.2
17.0

novice users
6–11 months
12–24 months
over 2 years
Employee
Student
Other
Secondary
school
Polytechnic
Bachelor’s
degree
Master’s degree
Doctor’s degree
Licentiate

42
29
37
39
66
76
5
27

28.6
19.7
25.2
26.5
44.9
51.7
3.4
18.4

7
44

4.8
29.9

50
16
3

34.0
10.9
2.0

credibility category. All of the most-used applications
have social support features, but all of them are fully
functional without any social features.
In terms of persuasion strategies, all applications
except for Polar Flow, which requires a wearable to
function, implement reciprocation in the form of a
free trial or entirely free service with an option to buy
professional versions of the software. If the user chooses
to utilize training plans, the applications present preprepared trainings and implement a form of time
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scarcity by indicating that the trainings should be completed within a certain timeframe. All of the applications
use expert recommendations in the form of famous
sports experts in their marketing communication or in
social media and therefore implement the authority
principle. Also, each of the three implement the commitment strategy by oﬀering a simple and easy-to-use
way to inform others that they are using the application.
If the user ﬁnds the application aesthetically pleasing
and a good ﬁt for their style, the liking principle is
also in eﬀect.

5. Data analysis and results
5.1. Descriptive statistics for susceptibility
measures
All susceptibility scores showed a non-normal distribution when tested using Kolmogorov–Smirnov and
Shapiro–Wilk tests of normality. The descriptive statistics of the susceptibility scores indicate that reciprocation and commitment had the highest values (Table 3).
Females rated higher in all principles. The scores also
varied according to age group; in general, younger
people had higher scores than older people across all
principles. Signiﬁcantly diﬀerent distributions were
detected for reciprocation, scarcity, and commitment
(Kruskall-Wallis X 2(2) = 7.386, p = 0.025; X 2(2) =
10.983, p = 0.004; X 2(2) = 9.348, p = 0.009, respectively).
For all of these principles, pairwise comparisons

Figure 2. Screen captures from interfaces of Sports Tracker, Polar Flow and HeiaHeia.
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Table 3. Overall susceptibility to persuasion strategies for the full sample, genders and age groups.
Persuasion strategy
Group

Reciprocation

Scarcity

Authority

Commitment

Consensus

Liking

5.66
5.80
5.47
5.47
5.60
5.80
5.79
5.80
5.69
5.18

4.91
5.01
4.75
5.11
4.88
4.80
4.82
5.20
4.81
4.12

4.14
4.20
4.06
4.56
4.14
3.81
4.01
4.37
4.06
3.52

5.83
5.88
5.78
5.67
6.03
5.74
5.96
6.03
5.76
5.32

4.65
4.83
4.36
5.04
4.59
4.68
4.24
4.79
4.61
4.24

5.07
5.21
4.85
5.32
4.91
4.93
5.04
5.21
5.05
4.64

Full
Use time

Age

Female
Male
novice users
6–11 months
12–24 months
over 2 years
−29
30–39
40 -

between the youngest and oldest groups were also signiﬁcant. There were no diﬀerences in strategies based
on length of use.
When respondents were assigned to groups according to the type of persuasion they rated the highest,
26% of all respondents were assigned to commitment,
16% to reciprocation and 12% had equally high scores
for both reciprocation and commitment. For comparison, the most commonly implemented strategies—authority, consensus and scarcity—had the lowest scores,
with 0.7%, 1.4% and 4.8% of the sample, respectively.
To summarize, 54% of respondents self-reported high
susceptibility to either reciprocation or commitment
strategies.

Table 4. Correlations among susceptibility scores and PSD
model constructs. From top to bottom of each cell: ﬁrst full
sample, then female and male.
1.
1. Reciprocation
2. Scarcity

2.

3.

4.

5.

6.

.29**
.25*
.32*

.13
.06
.20
.36**
.41**
.31*

.47**
.44**
.51**
.16
.05
.31*
.21**
.14
.28*

.26**
.15
.36**
.25**
.09
.44**
.34**
.28**
.42**
.18*
.20
.15

.26**
.12
.45**
.27**
.32**
.19
.32**
.25*
.41**
.31**
.31**
.31*
.50**
.43**
.59**

3. Authority
4. Commitment
5. Consensus
6. Liking
7. Design aesthetics

.20*
.08
.18*
.11
.07
-.09
.31*
.40** .35**
8. Dialogue support
.18*
.08
-.02
.25*
.05
-.16
.05
.14
.20
9. Perceived credibility
.36**
.17*
.09
.33**
.07
.09
.40**
.30*
.12
10. Primary task
0.32** 0.25** .06
support
0.36** 0.27*
.02
0.20
0.23
.06
Signiﬁcant correlations are indicated with asterisks.
*** p < 0.001)

.17*
.25**
.05
.00
.18
.13
.43**
.18
.15
.19*
.02
.13
.28**
.00
.12
.05
.02
.12
.38** 0.12
.19*
.43** 0.14
.29*
.31*
0.10
.05
.26**
.16
.23**
.22*
.27*
.40**
.31*
-.05
-.05
(* p < 0.05; ** p < 0.01;

There were signiﬁcant correlations between susceptibility scores and persuasive features of systems
(Table 4). Reciprocation and commitment, scarcity
and authority, and consensus and liking were
strongly correlated, but liking and consensus were
the only strategies that correlated with all others.
Commitment strategy correlated with all PSD
model constructs, authority correlated only with
design aesthetics, and consensus did not correlate
with any of the constructs. Of the studied features,
dialogue support correlated only with reciprocation
and commitment. Design aesthetics showed genderspeciﬁc diﬀerences regarding correlation with reciprocation, scarcity, authority and commitment. In
all cases, males scored signiﬁcant correlations and
females did not.
The sample was divided, using visual binning function of SPSS software, into three groups that incorporated upper limit values. Note that this group
formation is diﬀerent from that used in the health
promotion study that compared only the lowest- and
highest-scoring quartiles and grouped all the principles under one general persuadability score (Kaptein, Lacroix, and Saini 2010). We used three equalsized groups to ensure that each was suﬃcient size.
Independent assessment of each persuasion strategy
gives more practical relevance to design considerations and more theoretical relevance to the causes
of diﬀerences.
Evaluations of several persuasive features were distributed unequally between persuadability groups.
Each feature had higher scores than expected for the
high persuadability group, meaning that persons who
scored high in persuasive features often also scored
high in persuadability. Table 5 presents the results of
the Kruskal–Wallis test that was used to determine
statistically signiﬁcant diﬀerences between the three
susceptibility groups (low, moderate, high) in the distribution of persuasive features. Perceived credibility
and primary task support were most often unequally
distributed, and reciprocation and commitment
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Table 5. Kruskall-Wallis test results on distribution of persuasive features among three susceptibility groups (low, moderate, high) of
persuasion strategies. The number is Kruskal-Wallis χ2 value. Signiﬁcantly diﬀerent distributions among subgroups are indicated with
asterisks (* p < 0.05; ** p < 0.01; *** p < 0.001).
Persuasion strategy
Group

Reciprocation

Design aesthetics
Dialogue support
Perceived credibility
Primary task support

Scarcity

Authority

Commitment

Consensus

Liking

6.603*
6.104*
17.356***
11.825**

15.032**
6.423*

9.147*

seemed to be most sensitive to persuasive features, as
both were unequally distributed amongst four persuasive features.
5.2. Analysis of susceptibility among persuasive
features
To understand in more detail if the diﬀerences in distribution among susceptibility groups are relevant to the
design and evaluation of persuasive features in general,
we used the research model presented in Figure 1 as a
framework. The research model was analyzed using
structural equation modelling with partial least squares
(PLS-SEM), following the guidelines by Hair et al.
(2014), and analyzed using SmartPLS software version
3.2.8 (Ringle, Wende, and Becker 2015). PLS-SEM
analysis has two steps. First, the measurement model
is analyzed by assessing the relationship of each indicator with its corresponding construct. Second, the
hypothesized relationships between the constructs are
evaluated.
5.3. Measurement model
Table 6 presents internal consistency values for the constructs in the measurement model. Internal consistency
reliability was measured using composite reliability
(CR) according to the recommendation of Hair et al.
(2014). Composite reliability varies between 0 and 1;
higher values indicate higher levels of reliability. Values

6.986*

of 0.60–0.70 are acceptable in exploratory research,
while, in the more advanced stages of research, values
between 0.70 and 0.90 are generally regarded as satisfactory (Nunnally and Bernstein 1994). In our data, composite reliability values were acceptable for all
constructs at the level of exploratory research, but we
decided to remove consensus because, in addition to
low CR, it had a low average variance extracted
(AVE), which signals a low level of explained variance
of its indicators (Hair et al. 2014). The discriminant validity of the constructs was assessed using a cross-loading
matrix (available in Appendix B) and Fornell-Larcker
analysis (Table 5). All of the indicators loaded onto
their associated constructs.

5.4. Structural model and hypotheses testing
The research model was tested by deﬁning the path
coeﬃcients and explained variances, and the predictive
relevance of the constructs was also assessed. We used
the complete bootstrapping method with 5,000 resamples and parallel processing with no sign changes. The
conﬁdence interval method was the two-tailed bias-corrected and accelerated (BCa) bootstrap (default setting).
As suggested by previous research, all of the paths are
statistically signiﬁcant in a full sample without a moderator. The results of basic structural model evaluation
are presented in the context of moderation analysis
(see Table 6).

Table 6. Assessment of the constructs’ internal consistency reliability using composite reliability (CR) and Cronbach’s alpha (CA).
Convergent reliability is demonstrated by average variance extracted (AVE). Fornell-Larcker analysis provides support for
discriminant validity. The bolded values show the square roots of AVE and inter-construct correlations. CRED = Perceived
credibility, DEA = Design aesthetics, DIAL = Dialogue support, PRIM = Primary task support.
1. CRED
2. DEA
3. DIAL
4. PRIM
5. authority
6. commitment
7. consensus
8. liking
9. reciprocation
10. scarcity

CR

AVE

1

2

3

4

5

6

7

8

9

10

0.897
0.963
0.858
0.915
0.886
0.861
0.649
0.826
0.887
0.786

0.686
0.896
0.603
0.782
0.798
0.758
0.543
0.703
0.798
0.648

0.829
0.428
0.392
0.480
0.088
0.382
−0.002
0.230
0.324
0.161

0.947
0.306
0.369
0.209
0.261
−0.123
0.258
0.109
0.223

0.777
0.541
0.034
0.204
−0.087
0.175
0.212
0.068

0.885
0.156
0.294
−0.085
0.297
0.298
0.256

0.894
0.210
−0.072
0.373
0.169
0.398

0.878
0.036
0.371
0.469
0.182

0.630
0.094
0.119
−0.028

0.839
0.337
0.302

0.897
0.269

0.805
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5.4.1. Moderation analysis
We ran moderator tests with the full response scale as a
continuous variable for all paths and persuasion strategies and used a product indicator approach with
mean-cantered product term generation. Table 7 presents all of the relevant measures of the structural
model, including without any moderators and with
each moderator. All except for one path of the research
model was moderated by one or two strategies. Five out
of six persuasion strategies had a statistically signiﬁcant
moderation eﬀect with meaningful eﬀect size, but eﬀect
sizes were always small. These interaction eﬀects are
presented as slope graphs in Appendix C. The majority
of the moderation eﬀects, whether signiﬁcant or not,
were negative, which means that susceptibility to a
given strategy is detrimental to the basic relationship
between the features of persuasive system design.

6. Discussion
The purpose of this study was to explore how Cialdini’s
six principles of social inﬂuence relate to constructs
deﬁned by the PSD model, a framework for building
persuasiveness into software systems. As an outcome
of that analysis, we hoped to understand which

principles, if any, show promise for leveraging the persuasiveness of these systems.
We found preliminary indications of variation in
how individuals, who are susceptible to certain strategies, evaluate systems. Our targeted sample of mobile
health and wellness application users presented selfreported susceptibility for inﬂuence strategies similar
to those reported in previous research with more general samples, indicating that strategies are indeed highly
generalizable in diﬀerent populations. In the following,
we further detail our analysis and discuss the results.
6.1. Susceptibility to inﬂuence strategies in the
Finnish university sample
Our self-reported susceptibility scores for diﬀerent
social inﬂuence strategies are similar to those reported
in other studies. For example, in a recent study by
Oyibo et al. (2018) that used a diﬀerent questionnaire,
commitment and reciprocation were also the two highest scores for both the Nigerian and Canadian samples.
The same was true of a Turkish sample (Alkiş and Taşkaya Temizel 2015), of a sample obtained by Mechanical
Turk (Orji, Mandryk, and Vassileva 2015), and of an
Austrian/German sample of participants suﬀering

Table 7. Results from hypothesis testing with structural equation modelling. Signiﬁcant paths are indicated with asterisks (* p < 0.05;
** p < 0.01; *** p < 0.001). Ns = non-signiﬁcant. Eﬀect sizes below 0.02 are considered too weak for theoretical or practical relevance.
Eﬀect size above 0.02 is considered small, above 0.15 medium and above 0.35 large eﬀect. CRED = Perceived credibility, DEA = Design
aesthetics, DIAL = Dialogue support, PRIM = Primary task support.
Hypothesis
H1: DIAL-PRIM

H2: DIAL-CRED

H3: DEA-DIAL

H4: DEA -> CRED

H5: CRED -> PRIM

Moderator

Path

t statistics

f2

Hypothesis supported

None
reciprocation
scarcity
authority
commitment
liking
none
reciprocation
scarcity
authority
commitment
liking
none
reciprocation
scarcity
authority
commitment
liking
none
reciprocation
scarcity
authority
commitment
liking
none
reciprocation
scarcity
authority
commitment
liking

0.415***
−0.064ns
−0.051ns
−0.079*
−0.055ns
−0.062ns
0.293***
−0.032ns
−0.041ns
−0.038ns
−0.075ns
0.05ns
0.307**
−0.073ns
−0.033ns
−0.043ns
−0.091ns
−0.10*
0.34***
−0.016ns
0.029ns
0.105*
0.047ns
0.058ns
0.316***
−0.043ns
−0.081**
−0.089ns
−0.132**
−0.096ns

4.514
0.835
1.373
2.556
0.743
0.923
3.749
0.517
0.673
0.66
0.935
0.684
3.239
1.089
0.417
0.687
0.690
2.091
4.656
0.211
0.516
2.172
0.711
0.935
4.137
0.491
2.777
0.945
2.678
1.702

0.232
0.032
0.042
0.083
0.031
0.037
0.105
0.006
0.021
0.016
0.038
0.019
0.104
0.017
0.006
0.008
0.039
0.039
0.142
0.001
0.006
0.06
0.011
0.016
0.135
0.007
0.055
0.066
0.085
0.051

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

BEHAVIOUR & INFORMATION TECHNOLOGY

from chronic obstructive pulmonary disease (COPD;
Wais-Zechmann et al. 2018). Liking is the third strategy
in all but the Nigerian sample, in which authority was
third. Our sample contained mainly Finnish respondents, but, as we did not ask about nationality or ethnic
background, we can only speculate based on the health
and ﬁtness services used (mainly Finnish companies)
and on the names in the email addresses (collected to
deliver a prize from a lottery).
Our results support previous studies in that selfreported susceptibility to inﬂuence strategies is highest
for commitment and reciprocation. Further, excepting
the Nigerian sample, liking was the third-highest susceptibility in all studies. Therefore, these are the three
most stable strategies, and they might serve as excellent
starting points when sketching persuasion proﬁles;
using these will most likely not result in contra-tailored
persuasive strategies that have low eﬀectivity (Kaptein
et al. 2012). The remaining three—scarcity, consensus
and authority—exhibit more ﬂuctuation in terms of
self-reporting between the various studied samples.
Scarcity and consensus both aim to spur users’
decision-making: scarcity in terms of time or quantity
limitations and consensus by prompting faster action
through evaluation of peer behavior. These strategies
need more ﬁne-tuning but are probably inﬂuential
when they ﬁt the user’s preferences and context.
The only existing study that reported gender and age
diﬀerences in susceptibility scores is that of Orji, Mandryk, and Vassileva (2015), who found signiﬁcantly
diﬀerent scores for reciprocity, commitment and consensus. Although the questions were the same as in
our study, only scores for consensus and liking were
statistically diﬀerent between genders (Table 2).
Further, in our sample, there were statistically signiﬁcant diﬀerences among age groups; in general, persuadability scores tended to decrease with age. This ﬁnding
contradicts previous results reported by Brown, Asher,
and Cialdini (2005). However, it is worth remembering
that our sample consisted of regular users of mobile
health and ﬁtness applications. Also, our sample was
collected in a university setting. Both of these characteristics may have inﬂuenced our results in several ways.
For example, the second question, which concerns authority, refers to a professor as a reliable source of information. While our sample was likely in the right
context for that wording, it is possible that the question
could also trigger a bias against the authority principle
or against authority ﬁgures in general.
Our results on correlations between diﬀerent inﬂuence strategies were somewhat similar to other studies
that have reported results on Cialdini’s strategies. Reciprocation and commitment had the strongest
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correlation in our sample. Past studies have reported
similar results (Alkiş and Taşkaya Temizel 2015; Wall
et al. 2019), but our sample did not ﬁnd a correlation
between reciprocation and authority, which was comparatively strong in both of the studies mentioned
above. However, similar to our results, a strong positive
correlation between consensus and liking has been previously reported (Wall et al. 2019). Interestingly, statistically signiﬁcant correlations were more often found
among men. It is noteworthy that we used a smaller
set of susceptibility questions than did the studies of
Alkiş and Taşkaya Temizel (2015) and Wall et al.
(2019), and instead of a general university sample, we
have targeted our sampling towards users of mobile
health and wellness apps. Either or both of these factors
might explain the scoring diﬀerences.
6.2. Implications for persuasive systems design
model
Preliminary correlation analysis comparing inﬂuence
strategies to persuasive features implied that high susceptibility to social inﬂuence strategies also results in
high scores for PSD model constructs. Similarly, there
were signiﬁcantly diﬀerent distributions of all PSD constructs when they were analyzed against susceptibility
groups. However, moderation analysis implied that susceptibility to inﬂuence strategies had adverse eﬀects on
some of the relationships between basic persuasive features, suggesting that the model itself represents, at least
partly, a diﬀerent type of persuasive feature than that
manifested by social inﬂuence strategies. Perceived persuasiveness, as deﬁned by Lehto, Oinas-Kukkonen, and
Drozd (2012), is operationalized as favorable
impressions towards the system. It is, therefore, considered to be an attitudinal construct. Persuadability,
the ‘tendency to comply with implementations of persuasive strategies’ (Kaptein, Lacroix, and Saini 2010),
primarily refers to behavioral outcomes (complying
with a request, etc.). In this study, however, we treat susceptibility to inﬂuence strategies merely as traits that
moderate how individuals evaluate the persuasive features of their systems and their systems overall.
Commitment strategy was positively correlated with
all persuasive features of self-monitoring systems. This
suggests that systems with self-monitoring functions
that employ behavioral regulation approaches might
be preferred by high-commitment individuals. However, commitment is the strongest susceptibility type
in all studies, conﬁrming that it is at the very least
high among individuals who respond to research surveys similar to ours. Also, the tendency to comply
with their past actions (to consider the system they
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have selected still as a good choice) might also have an
eﬀect on evaluations of self-selected systems. Alternatively, selection of these self-help tools might itself be
an indication of commitments and motivational levels;
individuals that are not ready to make those commitments will not buy or use these types of tools.
All except for one path of our research model were
moderated by at least one strategy. In general, however,
the eﬀect sizes were small, and our results should therefore be considered exploratory. Our results indicate that
the relationships between PSD model constructs interact with susceptibility to inﬂuence strategies and that,
as the path coeﬃcients are negative, these variables
usually weaken the strength of the relationship.
Although our study setting is artiﬁcial and it evaluates
each moderating variable separately, this result indicates
that the basic relationships within the PSD model are,
indeed, theoretical averages of the sample population.
For example, the susceptibility to authority moderated
two paths but, depending on the path, it either weakened (DIAL-PRIM) or strengthened (DEA-CRED)
the relationship.
6.3. Implications for practice
Our results suggest that persuasive software features are
experienced diﬀerently and with varying levels of susceptibility to inﬂuence strategies. Diﬀering from previous research that has focused mainly on the
strategies of scarcity, authority and consensus, we
suggest that reciprocation and commitment could be
utilized in health behavior change support systems.
New ways to utilize these two correlating strategies
could focus on creating interactions that twine together
both of these strategies, the need to keep consistent with
previous actions and the need to engage with the service
in a reciprocating way. The functionality could be
implemented, for example, with a combination of software features (e.g. reminders and suggestions) and content that frames the expected action as returning a favor
or asking a favor.
Our results also imply that, on average, susceptibility to some strategies increase and some decrease
the impact of persuasive features. Practitioners should
pay attention to which strategies they employ: persuasion strategies can cause repulsion and, as our
explorative results imply, some strategies decrease
the relationships between persuasive features. Based
on our results, the eﬀects are small. Negative eﬀects
can sometimes happen when a system, through
implementation of an inﬂuence strategy that triggers
user elaboration, draws attention to something that
is not aligned with the user’s worldview or attitudes

and induces strong elaboration that may or may not
end favorably for the system. The same applies to
incorrect information and to weak arguments that
threaten the credibility of the system. We suggest
that inﬂuence strategies might be eﬀective at drawing
attention to messages in low-motivation situations. In
these conditions, a well-placed inﬂuence strategy
might be able to improve the total persuasiveness of
the system.
As reciprocation and commitment are generally
rather high in studied populations and seem to cause
diﬀerences in how users evaluate system features, we
suggest that those strategies are the most likely to leverage the persuasiveness of systems designed to facilitate
health behavior change. In terms of other inﬂuence
strategies, our ﬁndings are not as signiﬁcant.
6.4. Limitations of the study
We collected our sample from users of several diﬀerent
physical-activity-related self-monitoring systems, which
makes our study conceptual and the results explorative
at best. Those results, overall, show small eﬀect sizes,
especially in moderation hypotheses, which is probably
partly caused by system variance. We hypothesize that
results would be stronger if the sample contained only
one system. Our study also used constructs that
measured the categories of the PSD model instead of
developing constructs that would focus directly on
speciﬁc principles, such as self-monitoring or reminders. This is another limitation in our data that might
have introduced heterogeneity to responses and therefore decreased eﬀect sizes.
While both of aforementioned issues are limitations,
they also support our belief that the phenomena under
study are robust and have implications for actual system
design: by using system-speciﬁc measurement items
with wordings that identify speciﬁc design principles,
we expect more concrete and wider implications. However, both self-selected systems and self-selection to participate in this study introduce self-selection bias.
Therefore, generalizability of our ﬁndings is restricted
to similar contexts, i.e. the voluntary use of these systems. We anticipate that self-selection has inﬂuenced
our results toward more positive experiences with the
systems.
Our study is based on self-reported values; this is
another limitation. There is some evidence that people
behave rather consistently in terms of self-reported
values related to persuasive principles (Kaptein et al.
2009, 2010). Therefore, we consider our self-reported
results to be an adequate baseline for our purpose. Kaptein (2018) reported that operative measures

BEHAVIOUR & INFORMATION TECHNOLOGY

outperformed meta-judgmental measures in an online
shopping context, and we want to emphasize that our
results are, indeed, based on self-reported scores and
that operative measures should be collected to evaluate
the real practical value of our ﬁndings. It is worthwhile
to note that most of the research on persuasion strategies has addressed compliance with marketing messages. It is not known how eﬀectively these
mechanisms might leverage inﬂuence in terms of
healthy behaviors and long-term engagement.
Finally, the actual implementations of persuasion
strategies are rare in current commercial systems.
Therefore, it is diﬃcult to evaluate if the user has
actually used the functionality and exposed to relevant messages repeatedly. Our research approach
aimed to explore if there are synergies between susceptibility to strategies as a general trait and diﬀerent
persuasive features often implemented in self-tracking systems as these concepts of persuasion are
somewhat diﬀerent.
6.5. Future research
This study is our ﬁrst attempt to understand how the
susceptibility to inﬂuence strategies organized by Cialdini
might aﬀect the persuasive features of systems and services. Future studies should more deeply investigate the
features of persuasive systems (for example, dialogue
support) as well as how and for whom diﬀerent strategies
(e.g. praise, feedback, goal setting and messaging) work in
real products and with users with diﬀerent persuasion
proﬁles. As aforementioned, speciﬁc features are vectors
for persuasive attempts. They provide insights into how
systems are perceived in real-life settings.
We measured persuasive features at a level that is too
general for the creation of speciﬁc design guidelines. For
example, the dialogue support measurement items refer
to praise (encouragement), rewards, feedback and
reminders. From an application point of view, all of
these should be measured individually to track which
software features generate a given response. Instead of
one dialogue support question, therefore, surveys
should include full constructs for feedback through
data visualizations, verbal encouragement and reminder
characteristics. It is likely that these elements will have
diﬀerent eﬀects; thus, to target the correct features,
one must be able to track them individually. Additionally, commercial products often have several concurrent
implementations that make it diﬃcult to identify which
actually caused the reaction (Kaptein et al. 2015). Due to
these reasons, we have provided only high-level suggestions on how to derive relevant and practical implications from our work.
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Any implementation of persuasion strategies in
health and ﬁtness applications should carefully monitor
how the users interact with persuasion strategies by, for
example, monitoring application logs. By collecting
data on real-life systems, it is possible to understand in
which contexts responses to persuasion attempts are
somewhat consistent between users, which allows us to
begin to recognize highly variable patterns. All of this
information contributes to our understanding of contexts
in which users elaborate on messages and those in which
they are more distracted or otherwise unmotivated.
Future studies on this topic will contribute to research
on both dual-process theories and persuasion strategies.
Consumers are known to develop practices to avoid
advertising (Fransen et al. 2015) and to recognize phishing emails (Parsons et al. 2019). Similarly, it is also probable that users of self-selected health behavior change
support systems tend to create tactics to avoid and
neglect messages and interactions that they feel are too
obtrusive, cognitively challenging, dismissive or unsupportive in other ways. While systems should always be
designed to avoid all of the aforementioned characteristics, it is possible that some inﬂuence mechanisms, in
some contexts, might be considered coercion. Therefore,
it is very important to understand which mechanisms are
strongly inﬂuential and therefore prone to causing unintended negative consequences. Self-help tools have a high
abandonment rate, and it is probable that negative
experiences with inﬂuence tactics are a least partially
responsible. Systems that utilize these powerful inﬂuential and persuasive elements must be carefully designed
to also address ethics and the consumer experience.

7. Conclusions
This study contributes to the understanding of how susceptibility to social inﬂuence strategies interact with
PSD model constructs that represent elements of persuasive systems. Inﬂuence strategies manifest both a
strong level of consistency across studied populations
and variation in evaluation of persuasive systems.
These promising results imply that the strategies need
to be studied at the level of speciﬁc system features
and as operative measures in order to chart the ways
that actual behaviors are aﬀected by these strategies.
However, interactions with system features were not
straightforward. Due to their potential to support health
behaviors, these strategies and their interactions deserve
further study.
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Appendices
Appendix A. Measurement items for constructs used in this study and their original sources
Constructs
Design aesthetics
Dialogue support

Perceived credibility

Primary task support

Items
The screen in the service (i.e. colors, layout, presenters, etc.) is attractive
The general appearance of the service is appealing
The service provides a nice visual experience
The service encourages me
The service rewards me
The service provides me with appropriate feedback
The service provides me with reminders for reaching my personal goals
The service is trustworthy
The service is reliable
The service shows expertise
The service instills conﬁdence in me
The service makes it easier for me to reach my goals
The service helps me in reaching my goals gradually
The service helps me in keeping track of my progress

Source
Lehto, Oinas-Kukkonen, and Drozd (2012)
Lehto and Oinas-Kukkonen (2015)

Lehto, Oinas-Kukkonen, and Drozd (2012)

Lehto, Oinas-Kukkonen, and Drozd (2012)
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Reciprocation

When a family member does me a favor, I am very inclined to return this
favor
I always pay back a favor
I believe rare products are more valuable than mass products
When my favorite shop is about to close, I would visit it since it is my last
chance
I always follow advice from my general practitioner
When a professor tells me something I believe it is true
Whenever I commit to an appointment I do as I told
I try to do everything I have promised to do
If someone from my social network notiﬁes me about a good book, I tend to
read it
When I am in a new situation I look at others to see what I should do
I accept advice from my social network
When I like someone, I am more inclined to believe him or her

Scarcity
Authority
Commitment
Consensus/Social proof
Liking
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Appendix B. Cross-loadings for measurement items
CRED1
CRED2
CRED3
CRED4
DEA1
DEA2
DEA3
DIAL1
DIAL2
DIAL3
DIAL4
PRIM1
PRIM2
PRIM3
Auth1
Auth2
Com1
Com2
Cons1
Cons2
Lik1
Lik2
Rec1
Rec2
Scar1
Scar2

CRED

DEA

DIAL

PRIM

authority

commitment

consensus

liking

reciprocation

scarcity

0.838
0.840
0.827
0.812
0.394
0.438
0.382
0.386
0.229
0.289
0.271
0.393
0.413
0.471
0.099
0.031
0.296
0.369
0.084
0.054
0.133
0.242
0.285
0.301
0.140
0.122

0.341
0.280
0.355
0.420
0.940
0.962
0.938
0.333
0.240
0.169
0.152
0.338
0.329
0.311
0.206
0.164
0.297
0.177
0.139
−0.038
0.144
0.276
0.075
0.128
0.165
0.193

0.219
0.162
0.399
0.467
0.247
0.288
0.333
0.830
0.804
0.757
0.711
0.504
0.512
0.414
0.062
−0.065
0.246
0.127
0.043
−0.064
0.035
0.238
0.213
0.161
0.062
0.048

0.410
0.383
0.359
0.430
0.371
0.352
0.327
0.591
0.331
0.361
0.293
0.893
0.931
0.826
0.170
0.068
0.322
0.209
0.152
0.011
0.220
0.274
0.290
0.240
0.239
0.179

0.052
0.081
0.008
0.140
0.221
0.183
0.190
0.023
0.233
−0.082
−0.068
0.147
0.132
0.135
0.982
0.795
0.255
0.129
0.374
0.173
0.316
0.313
0.096
0.225
0.270
0.365

0.304
0.297
0.301
0.324
0.172
0.286
0.278
0.251
0.139
0.133
0.048
0.231
0.234
0.321
0.226
0.103
0.849
0.906
0.148
0.137
0.267
0.348
0.350
0.518
0.117
0.172

−0.001
0.046
0.052
−0.083
−0.107
−0.133
−0.107
−0.066
−0.088
−0.074
−0.046
−0.138
−0.062
−0.021
−0.104
0.049
−0.093
0.133
−0.406
0.793
0.174
0.003
0.100
0.116
−0.010
−0.033

0.191
0.122
0.138
0.285
0.230
0.265
0.236
0.206
0.223
0.065
0.002
0.288
0.280
0.217
0.361
0.316
0.306
0.342
0.427
0.384
0.800
0.876
0.367
0.220
0.194
0.286

0.267
0.223
0.325
0.254
0.065
0.148
0.091
0.229
0.127
0.167
0.090
0.244
0.223
0.330
0.177
0.097
0.364
0.453
0.182
0.248
0.226
0.330
0.926
0.867
0.204
0.228

0.151
0.128
0.123
0.132
0.225
0.216
0.194
0.093
0.084
−0.049
0.067
0.242
0.175
0.266
0.374
0.372
0.129
0.185
0.259
0.143
0.192
0.304
0.221
0.270
0.771
0.838
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Appendix C. Interaction eﬀects presented as simple slopes

Dialogue supports eﬀect to primary task support moderated by authority strategy.

Design aesthetics eﬀect to Dialogue support moderated by consensus strategy.

BEHAVIOUR & INFORMATION TECHNOLOGY

Design aesthetics eﬀect to Perceived credibility moderated by authority strategy.

Perceived credibility’s eﬀect Primary task support moderated by scarcity strategy.
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Perceived credibility’s eﬀect Primary task support moderated by commitment strategy.

