Rieder et al. /How BCSS Influence Self-Efficacy

HOW BEHAVIOR CHANGE SUPPORT SYSTEMS
INFLUENCE SELF-EFFICACY: A QUALITATIVE STUDY
USING WEARABLES

Research paper

Rieder, Annamina, University of St.Gallen, St.Gallen, Switzerland, annami-
na.rieder@unisg.ch

Lehrer, Christiane, University of St.Gallen, St.Gallen, Switzerland,
christiane.lehrer@unisg.ch

Jung, Reinhard, University of St.Gallen, St.Gallen, Switzerland, reinhard.jung@unisg.ch

Abstract

Although Behavior Change Support Systems (BCSS) are gaining ground in the field of health interven-
tions, we lack an empirically grounded understanding of how the behavior change techniques (BCTs)
that are implemented in BCSS influence behavioral outcomes. Based on the self-efficacy theory, we
conduct narrative interviews to investigate the process along which BCTs applied in wearable activity
trackers (WATs) influence users’ perceived self-efficacy and behaviors. We find three patterns that
show how WATs’ BCTs feed certain information sources on which users build their self-efficacy be-
liefs. We identify a positive path (i.e., high self-efficacy, leading to compliant behavior) and a negative
path (i.e., low self-efficacy, leading to non-compliant behavior) for each of these patterns. Our find-
ings indicate that, under certain circumstances and/or at a certain level of task difficulty, BCTs inflict
adverse effects on users’ perceptions of their self-efficacy and their subsequent behavioral responses.
Our results provide insights for theory and practice into how BCSS affect perceptions of self-efficacy
and behavior changes.
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1 Introduction

Behavior change support systems (BCSS) are gaining ground as sensor-based technologies spread.
BCSS refer to technologies that use persuasive elements to induce changes in behavior and generate
cognitive and behavioral outcomes in their users (Oinas-Kukkonen, 2013). They typically use behav-
ior change techniques (BCTs), which refer to components of the intervention content that shape user
behavior (Michie et al., 2013). BCSS are widespread in the field of health interventions; by emphasiz-
ing offline behaviors that are to be reinforced, altered, or newly formed they address health risks and
behaviors that could have negative impacts on personal health (Oinas-Kukkonen, 2013). With 312
million users worldwide and global revenues of 26.4 billion USD in 2018, wearables are a prominent
form of BCSS that focus on health outcomes (Statista, 2019a, 2019b). The most popular devices are
wristbands and smartwatches from producers like Apple, Xiaomi, Fitbit, and Garmin (Statista, 2019c¢).

Research in psychology has shown that the confidence, effort, and perseverance with which individu-
als pursue a change in behavior depends heavily on their belief in their ability to perform the new be-
havior, giving rise to the self-efficacy theory on cognitive processes in humans’ behavior changes
(Bandura, 1977). The self-efficacy theory is one of the key theoretical foundations for BCSS, as one’s
perceived self-efficacy is thought to mediate the link between the intervention and the behavioral re-
sponse the BCSS drive (Oinas-Kukkonen, 2013).

Information systems (IS) scholars have taken up the self-efficacy construct to investigate BCSS (e.g.,
Kuonanoja et al., 2015; Ronen and Te’eni, 2013) and have suggested that BCSS positively influences
individuals’ beliefs in their own self-efficacy (e.g., Kuonanoja et al., 2015; Langrial and Lappalainen,
2016; Mohamed et al., 2017). Research has also assigned self-efficacy a central role in supporting
BCSS-induced changes in behavior (e.g., Myneni et al., 2016). While these findings help to explain
the links between IT and self-efficacy and between self-efficacy and behavioral outcomes, we lack
insight into the process as a whole, starting from BCSS and their components, how they influence us-
ers’ self-efficacy, and subsequently shape changes in behavior. Against this background, we ask: How
do BCSS’s BCTs influence users’ beliefs about their self-efficacy in performing an offline behavior?

To address this question, we conducted qualitative interviews with twenty-five users of wearable ac-
tivity trackers (WATs). We used WATs as a research context because they are a prominent and wide-
spread category of BCSS that incorporate a wide variety of BCTs. Applying the narrative interview
technique allowed us to gain longitudinal insight into their use history and the sequence of events in
using the BCSS. Informed by Bandura’s (1977) self-efficacy theory, we investigated which of the
technology’s features shape cognitive outcomes and the relationship to self-efficacy beliefs and behav-
ioral responses.

The present research makes several contributions to theory and practice. First, we contribute to BCSS-
specific research by presenting one of the first studies to investigate wearable technology as BCSS in
relation to self-efficacy. Second, we offer a process-oriented explanation of how the various BCTs
present in WATSs influence users’ perceived self-efficacy and their subsequent behavioral responses.
Thus, our research provides valuable insights into the cognitive and behavioral processes that are ac-
tive in users who participate in some form of behavior change intervention. Third, we contribute to
practice by offering WAT providers valuable design implications for effective interventions.

The paper proceeds as follows. First, we present the theoretical background on BCSS, the self-efficacy
theory, and its role in IS and BCSS research. Then we present our methodology and the results of our
analysis, before concluding with a discussion of our results, limitations, and proposals for further re-
search.
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2 Theoretical Background

2.1 Wearables as Behavior Change Support Systems

BCSS, a term coined by Oinas-Kukkonen (2013, p. 1225), can be defined as “socio-technical infor-
mation systems with psychological and behavioral outcomes designed to form, alter or reinforce atti-
tudes, behaviors or an act of complying without using coercion or deception.” BCSS are persuasive
systems or applications that aim to alter behavior using software designed to shape judgment in a pre-
defined way (Oinas-Kukkonen and Harjumaa, 2009). The persuasive elements used to shape behavior
can entail simple user interface design elements like digital nudges (cf., Mirsch et al., 2017), system
features (cf., Forget et al., 2008), or entire applications, as in the sports app Runtastic. According to
Michie et al. (2013), central to all BCSS is the use of BCTs, the intervention content that is designed
to induce changes in behavior, which Michie et al. defined as “observable, replicable, and irreducible
component[s] of an intervention designed to alter or redirect causal processes that regulate behavior”
(p. 82). The authors provide a comprehensive collection of BCTs with their 2013 taxonomy of ninety-
three BCTs. Prominent examples of BCTs are self-monitoring, rewards and threats, goal-setting, and
social comparison.

By changing users’ behaviors, BCSS aim to accomplish certain outcomes, including reinforcing exist-
ing behavioral patterns or taking up entirely new ones (Oinas-Kukkonen, 2010), so the magnitude of
the change the system aims to encourage can vary. Besides a classical behavior change, which in-
cludes an intermediate- to long-term change in behavioral patterns, a change in attitudes or a simple
act of compliance also fall under the term (Oinas-Kukkonen, 2013).

BCSS are gaining importance in the context of health care and health risks (Lehto and Oinas-
Kukkonen, 2015). This development can be traced back to the emergence of mobile and sensor-based
technologies. An increasing number of health BCSS are delivered through mobile apps or wearable
technology that addresses health parameters (e.g., tracking and analysis of daily activity, sports, nutri-
tion, or sleep) (Oinas-Kukkonen, 2013). A specialty of health BCSS is the targeting of offline behav-
iors that lead to changes in health outcomes (Lehto and Oinas-Kukkonen, 2015; Oinas-Kukkonen,
2013) by, for example, supporting users in abandoning unhealthy behaviors like smoking or adopting
health-improving ones like regular exercise.

With the development of wearable devices, a new category of health-related BCSS has emerged.
“Wearables” refers to any electronic computing device worn on the body and that uses sensor technol-
ogy so users can track their personal activities and vital parameters like steps, sleep, sports activities,
and food consumption (Gimpel et al., 2013; Sjoklint et al., 2015; Trickler, 2013). Even though a wide
range of devices (e.g., wristbands, glasses, clothing) fall under the umbrella term of wearables, we fo-
cus on wearable devices that track physical activity: WATs. Wearable devices that are designed only
to track other health-related parameters, such as fertility, blood pressure, or blood glucose levels, do
not fall into the category that we investigate in this study. WATSs, which usually take the form of
bracelets and watches, are the most popular category of the wearables market (IDC, 2018). These de-
vices provide users with insights into their physical performance through self-tracking. Users can usu-
ally interact with WATS directly over the devices’ screens or via mobile applications, which are typi-
cally accessible using a smartphone. WATSs are usually advertised as facilitators of changes in health
behavior and incorporate various BCTs (Lyons et al., 2014; Mercer et al., 2016) to target a variety of
health-related behaviors and outcomes (Oinas-Kukkonen, 2013). For example, behavioral patterns can
be formed or altered when users build walks into their days or reverse unhealthful eating behaviors.
WATs can also reinforce existing behavioral patterns by providing users with workout histories and
statistics, making regular exercise more fun and appealing. Not surprisingly, the health sector places
great hope in the potential of WATs. The intended behavioral outcomes of wearable use, such as in-
creased activity levels and conscious nutrition, are keys to improving public health and reducing pres-
sure on healthcare providers and insurers (Gimpel et al., 2013). To date, research on wearables has
predominantly taken a quantitative approach to examining the effectiveness of using WATs in health
behavior interventions (e.g., Jakicic et al., 2016), but only a small fraction of studies has focused on
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the experiential side of WATSs and the qualitative analysis of the user’s perspective (e.g., Becker et al.,
2017; Kari et al., 2016; Miyamoto et al., 2016; Rieder et al., 2019).

2.2 Self-Efficacy Theory

Bandura’s (1977) self-efficacy theory is one of the dominant behavior-change theories. Originally
stemming from cognitive psychology—specifically, the treatment of phobias—the self-efficacy theory
has been transferred to various research fields and contexts, including education, nutritional science,
psychotherapy, management science, and IS. Bandura (1977) postulated that behavior is heavily af-
fected by a person’s own beliefs about his or her capacity to perform a behavior that is necessary to
produce particular outcomes. When forming such beliefs, individuals use a variety of inputs, such as
feedback, circumstantial factors, patterns of action, and resulting consequences, which they synthesize
over long periods of time. The resulting perception of self-efficacy can be defined as beliefs in or
judgment of one’s ability to execute the courses of action required to produce desired outcomes (Ban-
dura, 1977, 1982). However, the focus of the theory does not lie on outcome expectations (Eastman
and Marzillier, 1984; Marzillier and Eastman, 1984). An individual’s self-efficacy substantially affects
his or her initiation of the behavior in question as well as the effort and persistence with which it is
pursued, even in the face of obstacles and negative experiences (Bandura, 1977, 1982; Stajkovic and
Luthans, 1998). Consequently, the greater an individual’s perceived self-efficacy, the more likely the
desired outcome or performance is to be reached (Bandura, 1982; Stajkovic and Luthans, 1998). Inter-
ventions which intend to strengthen self-efficacy expectations in a targeted way are more likely to
successfully induce behavioral change, because individuals perceive themselves as equipped with the
resources required to perform a behavior and can therefore more easily maintain the level of effort
(Bandura, 1997). Individuals’ confidence in their self-efficacy can vary based on the difficulty of the
task (Stajkovic and Luthans, 1998) and can vary from specific to general, affecting whether expecta-
tions are transferable to other activities or circumstances (Bandura, 1977). The strength of the belief in
one’s self-efficacy can also vary based on the ease with which that belief can be weakened by discon-
firming experiences (See also Stajkovic and Sommer, 2000).

When building their belief in their self-efficacy, individuals rely on sources that provide them with
information related to their ability to deal with a situation or task: performance accomplishments, vi-
carious experience, verbal persuasion, and emotional arousal. Information about performance ac-
complishments is based on previous positive experience and is directly affected by the successes of
those experiences that strengthen the efficacy information derived from this source. Experience-based
levels of self-efficacy can generalize across a variety of situational circumstances, leading to improved
behavioral responses in diverse contexts and activities. Judgments about one’s self-efficacy can also
be based on vicarious experience—that is, on observing others perform a behavior that results in de-
sired or undesirable outcomes, building on mechanisms of social comparison. However, the informa-
tive value of vicarious experience is lower than the information from personal experience, and judg-
ments made based on it are less stable. Information from verbal persuasion can convince individuals
of their ability to deal successfully with a particular situation through the power of suggestion. The
impact of verbal persuasion on self-efficacy is lower than of performance accomplishments and vicar-
ious experience, but Bandura (1977) emphasized that verbal persuasion combined with other aids and
techniques can help to increase one’s sense of self-efficacy. Finally, emotional arousal provides in-
formation that serves as an interpretive basis of personal competency. The interpretation of physiolog-
ical arousal (e.g., anxiety, stress reactions) in response to certain cues differs from individual to indi-
vidual, helping to explain differences in individuals’ motivation to undertake a behavior.

The degree to which efficacy information affects perceived self-efficacy depends not only on source-
related factors but also on external factors like the situation in which the action is performed or the
difficulty level of the task, as well as personal factors like the degree to which one credits an achieve-
ment to one’s own capabilities, the effort undertaken to accomplish a task, and the individual’s ability
to cope with setbacks (Stajkovic and Sommer, 2000; Bandura, 1977, 1997).
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23 Self-efficacy in IS and BCSS research

The self-efficacy theory has been applied in IS research for more than three decades, but two streams
of the literature on self-efficacy in IS stand out. One covers the link between information technology
and perceived self-efficacy, clarifying how IS can influence individual self-efficacy judgments, and
another focuses on the link between perceived self-efficacy and the subsequent [S-use-related behav-
iors.

Traditionally, IS and especially BCSS-specific research have treated self-efficacy as a cognitive out-
come following (behavioral) interventions (cf., Figure 1). Studies in this comparatively small research
stream have investigated the effects of behavioral interventions on multiple outcome measures, one of
which has usually included perceived self-efficacy. General IS studies have looked into the effects of
technology-mediated interventions on chronic pain in terms of patients’ movement-related self-
efficacy (Olugblade et al., 2018) or students’ academic self-efficacy (Alrushiedat and Olfman, 2014),
while behavioral interventions in BCSS-specific studies have focused on using BCSS in treating de-
pression (Kuonanoja et al., 2015; Langrial and Lappalainen, 2016) and sleeplessness (Langrial and
Lappalainen, 2016), improving general mental well-being (Laurie and Blandford, 2016), reducing sed-
entary behavior (Mohamed et al., 2017), and complying with health-care-related prescriptions (Ronen
and Te’eni, 2013). Among other effectiveness-related measures (e.g., alleviation of symptoms), stud-
ies have also surveyed users’ perceived self-efficacy in undertaking the tasks and behaviors that sup-
port treatment. All of the studies have described positive effects of BCSS on participants’ perceived
self-efficacy.

The second stream of literature, which addresses the link between self-efficacy and behavior change,
has been examined by many IS studies. In general IS research, self-efficacy has predominantly been
modeled as a predictor of [S-use-related behaviors (i.e., technology acceptance), with many studies
having offered extensions to established theories, such as the Technology Acceptance Model or Theo-
ry of Planned Behavior (e.g., Pavlou and Fygenson, 2006; Rahman et al., 2016; Yi and Hwang, 2003).
Only a few general IS studies have covered other types of behavior change that are supported by self-
efficacy, such as coping with malicious information technology (Liang and Xue, 2009) or information
and purchasing behaviors in online commerce (Pavlou and Fygenson, 2006). Of the BCSS-specific
studies, only two have addressed the role of perceived self-efficacy in changing behavior (cf., Figure
1): Oinas-Kukkonen’s (2013) conceptual paper proposed the self-efficacy theory as one of the key
theoretical foundations for BCSS, suggesting that perceived self-efficacy mediates the link between
the intervention component and the (offline) behavior change induced by the system, while Myneni et
al. (2016) analyzed the communication content of a community-based BCSS supporting smoking ces-
sation and found evidence from various behavior change theories, including the self-efficacy theory.

The general self-efficacy concept used in this study is not to be confused with the IS-specific self-
efficacy construct of computer self-efficacy (cf. Compeau and Higgins, 1995), an additional literature
stream that has focused on perceptions of one’s ability to use a computing system.

In summary, the link between perceived self-efficacy and behavior change is underrepresented apart
from its coverage in the IS acceptance literature, as is the entire logic described by the self-efficacy
theory, including the perceived self-efficacy’s link with information technology and behavior change.
Moreover, neither general IS studies nor BCSS-specific studies have specifically addressed the
sources and factors that influence self-efficacy judgments. To describe and explain this logic in the
context of BCSS, we need of a process view of how BCSS’s technology features influence individual
self-efficacy beliefs and unfolding their effect on the individual’s offline behavioral response.

Figure 1 provides an overview of prior research on self-efficacy in the IS and BCSS-specific literature
and highlights the scope of the present research, which encompasses process from BCSS to behavior
change.
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Figure 1. Current IS self-efficacy research and scope of the study

3 Method

Since empirical evidence of the effect of BCSS on users’ self-efficacy beliefs regarding the perfor-
mance of offline behaviors is scarce, we sought to obtain full and rich personal accounts using a quali-
tative approach. We followed established principles (Chatman, 1978; Kiisters, 2009) in conducting
narrative interviews with users of WATS, a specific and widespread type of BCSS, to capture individ-
ual user experiences and to obtain a longitudinal picture of the individuals’ use history. In this inter-
view technique, the interviewee gives an account of a past event (Kiisters, 2009), the organization and
structuring of which are left to the interviewee. Since the interviewer does not interrupt the narrative,
the interview technique helps to avoid common biases, such as social desirability, patterns of interac-
tion in the interview, issues related to wording and placement of questions, and topics and terminology
brought in by the interviewer (Kiisters, 2009). We considered the narrative interview a suitable tech-
nique with which to address our research question for two reasons: First, since we sought to obtain
information on the process through which features of the BCSS influence users’ perceived self-
efficacy and behavioral responses, the longitudinal, process-like nature of data generated through nar-
rative interviews was preferable to more structured interview techniques that would likely put less em-
phasis on the chronology of the individual interviewee’s use history. Second, as the technique involves
minimal interference with an individual’s narrative, it helps to ensure that only what is relevant to the
individual and responsible for shaping his or her perceived self-efficacy and behavioral responses is
addressed in the interview. Using techniques that would require that we bring in our own subjects
could jeopardize the individual’s coloring and weighting of aspects of the narrative.

3.1 Data Collection

We interviewed twenty-five WAT users who were based in Switzerland, one of the most advanced
markets for wearables in Europe, with a market penetration of 7.6 percent in 2018 (Statista, 2018). All
interviews were conducted between September 2017 and March 2018. Using purposive sampling, we
sampled interviewees that met the following inclusion criterion (Miles and Huberman, 1994): all in-
terviewees were intermediate to long-term WAT users (i.e., past the trial phase). All of our twenty-five
interviewees had used their WATSs for more than four months, and some had done so for several years.
Within this inclusion criterion, we aimed to capture maximum variation in demographics (i.e. gender,
age, profession) allowing us to identify shared patterns across diverse individuals. The first interview-
ees were recruited through the authors’ personal networks, and snowball sampling was applied to re-
cruit additional interviewees (cf. Miles and Huberman, 1994).

In line with the narrative interview technique, no interview guideline was used (Kiisters, 2009). In-
stead, we used a pre-formulated initial stimulus to ignite interviewees’ narratives: “Please tell me the
story of your activity tracker, from the moment you got it until today.” After the interviewees had rec-
ognizably finished their narratives without interruption, we took up topics mentioned by the interview-
ees in their initial narratives to trigger additional accounts. Twenty-two of the interviews were held in
person, and three were held via Skype video call. Interviewees were ensured anonymity and confiden-
tiality of the statements they made over the course of the interview. The duration and elaborateness of
the narratives varied widely across the interviews, which is reflected in the variance in the depth and
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length of the interviews, which ranged from nineteen to eighty-seven minutes, excluding preliminary
talk and instructions. We recorded and transcribed the interviews verbatim to rigorously and transpar-
ently analyze the resulting data. Interviews and transcriptions were done in the participants’ native
language, whether German, Swiss German dialect, or English, and were processed by native German
and fluent English speakers. The quotations presented in this paper were either given in English or
translated into English from German or Swiss German dialect.

Our sample consists of nine women and sixteen men from eighteen to sixty-two years of age who were
students and professionals, with the exception of one retired individual. The use frequency of the
WAT varied across interviewees and largely depended on the individual’s motivation for use. Most
interviewees used the device every day (20/25), some even used it at night (7/25), and others wore it
only when they engaged in sports (5/25). Most used their WATS to track their daily activity, support
their sports performance, and improve their health (15/25), although some reported using them to ex-
plore the novel technology out of curiosity (10/25). As our research approach relied predominantly on
applying pre-identified themes from self-efficacy theory, gaining rich, in-depth narratives from twen-
ty-five participants allowed us to achieve saturation in terms of the extent to which the data instantiat-
ed previously determined conceptual categories (Saunders et al., 2018). Based on the interviews, we
identified a large number of instantiations of self-efficacy and the associated behavioral responses and
information sources. Table 1 presents an overview of the study participants.

months months

alias age sex  occupation used devices used alias age sex  occupation used devices used

INT1 25 F student >24 2 x Fitbit INT14 26 M Ph.D. student 6-12 Xiaomi, Fitbit

INT2 24 F student 6-12 Jawbone INT15 33 F nurse >24 3 x Garmin

INT3 62 M retired lawyer 6-12 Polar INT16 24 F student >24 2 x Misfit,
Garmin, Apple

INT4 27 F legal secretary 12-24 2 x Fitbit INT17 25 M student 6-12 Fitbit

INTS 63 M medical doctor >24 2 x Polar, Garmin INT18 57 M managing director 12-24 2 x Fitbit

INT6 57 F project manager  12-24 Polar, Misfit INT19 20 F student 6-12 Garmin

INT7 41 M project manager ~ >24 Polar INT20 18 M student 12-24 2 x Fitbit

INT8 35 M financial 6-12 Garmin INT21 26 M bartender 6-12 Fitbit

analyst
INT9 58 M consultant >24 Garmin, Jawbone, | INT22 22 M student 6-12 Garmin
Suunto

INT10 41 M entrepreneur 12-24 Garmin, Apple INT23 40 M controller >24 Fitbit, Apple

INT11 41 M entrepreneur 6-12 Misfit INT24 39 M entrepreneur >24 Garmin, Fitbit,
Misfit, Jaw-
bone, Apple

INT12 24 F student >24 Fitbit, Garmin INT25 57 F legal secretary 3-6 Fitbit

INT13 40 M computer 12-24 Jawbone, Apple

scientist
Table 1. Sample characteristics

3.2 Data Analysis

Our data analysis consisted of two parts, with the first and second author first coding the data to identi-
fy accounts of self-efficacy, related behavioral responses, and information sources for self-efficacy
and the underlying BCTs. Then we linked the BCTs, self-efficacy beliefs, and behavioral responses to
develop a comprehensive framework and identified influencing factors (Figure 2).

The first part of the data analysis was informed by the concepts related to self-efficacy theory (Ban-
dura, 1977). We began by searching for accounts of perceived self-efficacy in the data and found sev-
eral sections in which the interviewees referred to their perceptions of their capacity to perform a be-
havior cued by the WAT. We found accounts of both high self-efficacy (““It provides you with a week-
ly review and how many steps you 've taken. And there were weeks in which I took 15,000 to 18,000
steps, so of course 10,000 are not that hard to achieve.” INT19) and low self-efficacy (“What I found
astonishing was that people who are working sitting at a desk won'’t achieve 10,000 steps, not in one
hundred years.” INT6). We also identified the specific behavioral responses related to these self-
efficacy beliefs and used descriptive coding (Myers, 2009) to compare and contrast descriptions of
behavioral responses and group similar sets of behaviors into categories. Aggregating the behavioral
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responses revealed that they could be categorized into two general categories, compliance and non-
compliance, where compliance encompassed behaviors that were in line with the behaviors prompted
by the WAT, such as changing food consumption or physical activity, while non-compliance included
behaviors that disregarded the prompted behaviors or showed negative reactions, such as defiance or
even strategies to avoid the cue. Subsequently, we analyzed the sources from which the interviewees
took the information they used to assess their self-efficacy, based on the four information sources
Bandura (1977) suggested: personal accomplishment, vicarious experience, verbal persuasion, and
emotional arousal. We found accounts in the data of all but emotional arousal. Next, we identified the
technologies’ features (i.e., the BCTs) the interviewees described to determine how they were related
to the information sources of self-efficacy beliefs. To describe and group the BCTs, we drew on the
Taxonomy of Behavior Change Techniques from Michie et al. (2013) and found evidence for target-
performance comparison, prompts and cues, feedback, self-monitoring, commitment, and social com-
parison. We also found the BCT performance history, which the interviewees mention frequently but
which was not covered by the taxonomy used.

In the second part of the analysis, we focused on the relationships among the BCTs, the information
sources for self-efficacy judgment, and the behavioral responses. For this purpose, we identified the
sequences of events observable in our data for each individual and then across individuals. We ob-
served that some interviewees responded to the same BCTs sometimes with high levels of self-
efficacy and behavior compliance and sometimes with low levels of self-efficacy and behavior non-
compliance. After digging more deeply into the data, we identified two superordinate factors that in-
fluenced how the information sources affected individuals’ self-efficacy judgments: external circum-
stances (e.g., a knee injury or semester break) and the difficulty of the cued task based on the situation
(e.g., a strong opponent). These two influencing are in large part in line with the theoretical concepts
Bandura (1977) proposed.

4 Results

Our analysis reveals that the influence that the WAT’s features has on users’ perceptions of their self-
efficacy evolves through the process illustrated in Figure 2. The technology features—more specifical-
ly, the BCTs used by WATs—feed three sources of information individuals use to build their self-
efficacy beliefs: personal accomplishment, vicarious experience, and verbal persuasion, but not emo-
tional arousal. External circumstances and task difficulty are found to influence the informational val-
ue the sources have on forming judgments of self-efficacy. Whether circumstances are restrictive or
non-restrictive and whether the task difficulty is adequate or inadequate are subject to the interview-
ees’ evaluation. While non-restrictive circumstances and reasonable level of task difficulty have posi-
tive effects on perceived self-efficacy and leads users to comply with the behaviors the WATS insti-
gate, restrictive circumstances and excessive task difficulty dampen users’ self-efficacy beliefs and
lead to non-compliance. Both high and low self-efficacy are observed in the same users for the same
target behaviors based on the circumstances. The following subsections present our results in detail
based on the three sources of information.

Used behavior change technique Nurtured information source Perceived effect of influencing factors Perceived Performed behavioral
for self-efficacy judgment self-efficacy response

Target-performance
comparison

Evaluation of
external
circumstances

>| Personal accomplishment |\‘

Performance history

Prompts & cues

| ~

| g

I N

| Feedback |—?{ Verbal persuasion <
| ¢

| /

| |

Self-monitoring

Evaluation of
task difficulty

Commitment

efficacy omprance

Inadequate Low self- ;
i 1 Non-compliance
efficacy

| Vicarious experience

Social comparison

Figure 2. Overview of results
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4.1 Self-efficacy judgment informed by personal accomplishment

Several BCTs inform individuals’ perceptions of their personal accomplishments. The BCT farget-
performance comparison was mainly in WATSs’ step-counting function. With many WATSs imposing a
daily goal of 10,000 steps, the status of the user’s goal achievement can be checked either directly
over the wearable device’s user interface or via the smartphone app. The BCT performance history is
more global in nature, as it provides users with statistics and aggregations of the data of multiple func-
tionalities, such as step-counting and sports monitoring, thus providing insights into performance de-
velopment over longer time periods. The information from these BCTs is processed as personal ac-
complishment, a source for the assessment of personal self-efficacy. For example, one interviewee
mentioned how the reference values acquired over the time the interviewee had been using the step-
counting functionality helped the interviewee to make sense of the daily step goals and make realistic
estimations of whether the goal was achievable or not:

[Your use of the WAT] gets better because you eventually have reference values from which you
know, “Ah, I can do this much” or “I’ve already achieved this many steps,” and that helps you
pin down the number of steps. In the beginning, it is hard to interpret what the number of steps
means—steps are an abstract measure—but when you ’ve used it for a couple of weeks, you can
see what you can achieve on average, what you do on days on which you're really active, and
what makes the difference. (INT17)

Another interviewee described the confidence gained toward reaching the daily step goals by relying
on historical data of what had already been achieved:

It provides you with a weekly review and how many steps you’ve made. And there were weeks in
which I made 15,000 to 18,000 steps and then, of course, 10,000 are not that hard to achieve. If I
hadn’t made them yet, the motivation was high to achieve them somehow because otherwise you
were below your average. (INT19)

However, the effect that information about personal accomplishments have on the interviewees’ self-
efficacy beliefs is affected by circumstantial factors. If the interviewee evaluates external circumstanc-
es as non-restrictive, the sense of personal accomplishment gained from the technology is strong
enough to form high self-efficacy beliefs, leading to compliance with the prompted behavior. One in-
terviewee, who was a habitual user of the step-counting functionality and persistently pursued daily
step goals, had to stop using the WAT for a time because of a knee injury. Despite these restrictive
circumstances, the interviewee described how several aspects of performance history (i.e., badges, ac-
cumulated number of steps) convinced the interviewee to continue pursuing daily step goals, which is
indicative of high perceived self-efficacy:

When I had my knee injury would have been the ideal moment to put it aside. I could have said,
“I have a ton of badges ... made several hundreds of thousands of steps, and this is it for now,”
but I thought I had to be able to deal with [this] little rubber band with four lights. (INT18)

In contrast, if circumstances change in a way that restricts users in their ability or readiness to perform
the behavior, even users who usually show high levels of self-efficacy assess their ability to perform
the same behavior more poorly and decide not to comply with the technology. The intensity of non-
compliance reaches from simply not showing a reaction to the cue to avoidance strategies in the form
of taking the device off until the unfavorable circumstances resolve. An interviewee speaks of restric-
tive circumstances at work that preclude reaching the daily step goal, but on days off, the interviewee
has no difficulty complying with the cue:

What I found astonishing was that people who are working sitting at a desk won’t achieve 10,000
steps, not in one hundred years. That’s actually logical: If you don’t do anything in addition and
only go to the toilet twice and grab some coffee three times per day, you maybe make 4,500 steps.
[...] On Fridays, when I do not work and even if I do not go for a run, I don’t have any difficulty
reaching 10,000 steps. Housewives rush around the house, upstairs, downstairs—it’s easy. And if
it happened when I was at home that I was below 10,000 steps, I thought, “I want to have them.”
(INT6)
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Another interviewee mentioned the semester break as a factor that undermined usually high self-
efficacy about achieving the daily step goal. Not keeping up with previous accomplishments led to
frustration and a guilty conscience, so the interviewee decided to take the WAT off to avoid the result-
ing adverse emotional state:

During the semester break, we always took it off when we had to study because then we wouldn’t
even get 1,000 steps per day. We only moved from the desk to the kitchen and to the toilet, which
is practically nothing, and this was so depressing that we just thought “no.” [...] And to silence
my conscience, I just didn’t [wear the WAT] at all. (INT1)

4.2 Self-efficacy judgment informed by verbal persuasion

A variety of BCTs serve as verbal persuasion, differing in terms of the explicitness with which the
WATSs suggest behavioral responses. With prompts and cues, usually in the form of reminders and
push-notifications suggesting that users take a specific number of steps, move for some number of
minutes, drink water, or go to bed, the technology makes the target behavior clear. WATSs also operate
the BCT feedback, especially related to sports monitoring, which can take any form from real-time
data during exercise (e.g., pace) to indications of training effects that persuade users in a subtle way to
adjust their training behavior. Some WATS also use commitment to get users to stick with their own,
self-established goals. Another important BCT WATS use is self-monitoring, which lies at the core of
the nutrition-tracking function. By having users enter the food and drink they consume and providing
them with an analysis of their nutritional intake (e.g., in terms of calories, macro- and micronutrients,
against established benchmarks), WATs send gentle, normative messages to users, which can be cate-
gorized as verbal persuasion. The interviewees assess their self-efficacy based on the information
drawn from these BCTs and largely report such prompts to be helpful in teaching them about and re-
membering to execute behaviors that are favorable for their personal health. An interviewee who used
the Apple Watch as a WAT reported feeling convinced of the ability to meet the prompted goals be-
cause the alerts from the WAT were situationally appropriate:

Over the course of the day, you get a reminder on the Apple Watch or a message telling you,
“Hey, you’ve almost reached your walking goal, but you still have to stand a little more” or...
“youve stood enough but should walk a little more.” It informs you interactively and situational-
ly over the course of the day, not only in the evening with “Hey, you’ve achieved it” or you have
not, but rather, “Right now, you should walk for ten minutes in order to reach your goal, why
don’t you go out real quick?” And youre told this in the afternoon at four o’clock, five o’clock,
so you feel like you're being coached, and it’s not simply a statistic that is reported afterward.
Because if you learn about it retrospectively, it’s always “Okay, well, but now it’s too late, and [
can’t do anything about it.” (INT24)

Another interviewee stated that the WAT provided her with information about adjusting nutritional
intake to match the level of energy expenditure:

You also have your calorie information. During the winter, I don’t care, but in summer when it’s
all about [muscle] definition, I really do rely on these values. Like when it tells me at the end of
the day that I have used 3,000 calories, then I know what is within the range in terms of food. And
when I'm really watching, you enter everything you have eaten. (INT15)

Verbal persuasion as an information source for perceived self-efficacy is strong only so long as there
is no negative impact of circumstantial factors or difficulty in the prompted task. Under beneficial cir-
cumstances that allow the users to execute the target behavior and with a level of task difficulty that
does not exceed users’ coping skills, BCTs that use verbal persuasion positively affect judgments of
self-efficacy. One interviewee mentioned how the WAT’s indication of training effects was persuasive
in the decision to increase training intensity:

But I realized you can become a slave. [ ...] You have training effects that the watch is indicating,
and above 3.0 is_form-building, and below 3.0 is form-maintaining. You always want to build up
form, so when you’re at 2.9 and virtually done with your training, you keep doing something so
you’ll hit 3.0. [...] So for me, it’s a total motivator that is pushing me and eventually gives me a

Twenty-Seventh European Conference on Information Systems (ECIS2019), Stockholm-Uppsala, Sweden. 10



Rieder et al. /How BCSS Influence Self-Efficacy

sense of achievement when it says, “Yes, today you've built up your form with this training.”
(INT15)

However, the same BCTs that have positive effects on perceived self-efficacy can also negatively af-
fect the use’s self-efficacy judgments, especially if the user evaluates external circumstances as restric-
tive or the task difficulty as exceeding his or her coping skills. A situation that provokes negative emo-
tions can lead to non-compliance with the prompt or even evoke defiance. For example, an interview-
ee reported that the task difficulty of the behavior cued by hourly activity reminders increased with
longer sedentary periods, which sometimes led to disregarding the prompt:

It had five red bars that showed you hadn’t moved for, like, twenty minutes, so when you were at
the table studying, it eventually started beeping, and this is when I usually got up and walked
through the apartment to get rid of the red bar. [...] But if you hadn’t moved for thirty or forty
minutes, you got a long bar, and with every ten minutes another small one and in the end you had
like five bars that were filled. The more bars you had, the longer it took to get rid of them. So if
you had one bar, you could cross your apartment two or three times [...] before it eventually dis-
appeared, but when you had five bars, you would have to move for five or ten minutes in a row to
get rid of all of them, which I sometimes did [ ...]. The red bar really annoyed me. (INT19)

Another interviewee with a usually high level of self-efficacy in regard to complying with verbal per-
suasion transmitted through activity prompts indicated that these persuasions can eventually be “ter-
rorizing,” especially when circumstances do not allow for compliance. Besides calling WATSs “terror-
izing,” the interviewee mentioned reacting with strong negative emotions like frustration and defiance
and ultimately not complying with the prompt:

Sometimes I'm in the bathroom, brushing my teeth shortly before midnight, and then the watch
says, “You're missing six activity minutes,” and it proposes something you could do to close this
ring. So I'm in the bathroom, running in place or doing jumping jacks, or if [ am warming a cher-
ry pit pillow in the microwave, I do something to close the ring because it’s just nice, it’s a great
lift with which you can go to bed. [...] I am trying not to let it terrorize me anymore. But I realize
that I am developing a kind of defiance if the watch wants something, and I know that today I just
cannot or don’t want to do it. Then I get really defiant. I think, “Oh, you always demand very
high standards! Leave me alone! I simply can’t comply with it today!” (INT16)

4.3 Self-efficacy judgment informed by vicarious experience

Most WATS offer users the opportunity to compare specific behavioral outcomes to those of other us-
ers. For example, employing the BCT social comparison allows WATS users to compete against each
other in taking more steps per day or provides them with rankings from a larger user base. By making
it visible to users how others perform a behavior, social comparison feeds vicarious experience as an
information source for perceived self-efficacy. Several interviewees reported using competitions and
being motivated by comparing themselves to others:

At first, it primarily was like, “Okay, this person has [this WAT] too, so let’s do it.” There was a
challenge, and after I was defeated once, I had to win. Then I walked an extreme [number of
steps]. I came to realize that it could be considered sports too, so I did more, and [ won. And then
1 thought, “Again!” (INT20)

Another interviewee commented on the positive effect this transparency had on the assessment of the
capacity to take a certain number of steps:

Soon, more colleagues got one of the same brand, and you have a community where you can see
how many steps the others take. Then you have this “if he does this many steps, then I will take
more,” and if many do that, you were comparing and it was an inducement. (INT1)

While generally social comparison informs users’ self-efficacy judgments, they are also influenced by
external circumstances and the task’s difficulty. When circumstances and task difficulty are assessed
as non-restrictive and not too difficult, the resulting judgment of personal efficacy is strong and users
comply with the cued behaviors by, for example, taking more steps than their opponents do. An inter-
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viewee who was not negatively affected by restrictive circumstances or excessive task difficulty re-
ported being highly motivated to win the competition:

It extremely motivated me. I purposely took the stairs or when I knew I had to take the subway for
one stop, I walked instead because I desperately wanted to beat my boyfriend. (INT2)

However, if the task difficulty exceeds a certain level or external circumstances get in the way of per-
forming a behavior, users assess their self-efficacy poorly and do not comply with the behavioral re-
sponse prompted by the WAT. One interviewee commented that social comparison was motivational
and strengthening of self-efficacy as long the competition was with opponents that provided a realistic
chance of winning. However, with stronger opponents, task difficulty exceeded the activity level that
was achievable considering the circumstances of the interviewee’s life, in which case peers’ perfor-
mance (i.e., vicarious experience) dampened the interviewee’s confidence and led to deciding against
competing against much stronger opponents:

You could also engage in competitions over the weekend, and with one colleague I used to do this
with, I didn’t get a chance even though 1 felt I had done lots of steps. When I had around 40,000
steps a day, and then he reached 60,000, I dropped it because it [irritated] me, [...] so I didn’t do
any challenges against him anymore. [...] You look instead at the ones closer to 10,000 per day,
like my friend and her sister. We used to compare every once in a while and eventually 1I'd say,
“Hmm ... now they have more than I do, so I should probably see that I have 1,000 more per day
than just the 10,000.” (INT1)

5 Discussion

This study investigates the process through which BCSS influence self-efficacy beliefs, thus inducing
changes in behavior. Based on narrative interviews with twenty-five WAT users, we identified three
patterns in which WATSs’ BCTs feed the information sources on which users build their self-efficacy
beliefs, thus determining whether users comply with the prompted behavior. We show that the BCTs
WATS use do inform users’ self-efficacy judgments in a positive way and that these increased levels
of self-efficacy have a positive effect on the execution of target behaviors. This finding is in accord-
ance with the theoretical foundations of self-efficacy (Bandura, 1977, 1997) and multiple studies from
the field of IS that have investigated self-efficacy-related issues (e.g., Kuonanoja et al., 2015; Oinas-
Kukkonen, 2013; Ronen and Te’eni, 2013).

Our findings also indicate that the same BCTs that positively influence self-efficacy can also have ad-
verse effects on users’ self-efficacy beliefs, a finding that has not been addressed in prior IS research.
We observe adverse effects when external circumstances and/or the difficulty level of a task negative-
ly affect the informational value of the sources of self-efficacy. This finding can be explained by the
self-efficacy theory, which lists potential attenuating factors to self-efficacy beliefs (Bandura, 1977).
The perception of self-efficacy that is informed by verbal persuasion and vicarious experience are
found to be potentially affected by both external circumstances and the level of task difficulty, but we
find evidence for external circumstances having an effect only on self-efficacy judgments that are in-
formed by personal accomplishment, perhaps because individuals are likely to skip the assessment of a
task’s difficulty when they have previously performed the behavior.

Our study makes four primary contributions to research on BCSS. First, the study is among the first to
present a process view of the influence BCSS have on self-efficacy and behavioral responses. Our re-
search covers the relationship between BCSS, perceptions of self-efficacy, and behavior change, start-
ing from the BCTs the BCSS use, to users’ self-efficacy judgments, to the execution of behavior. Most
BCSS research has concentrated on investigating self-efficacy as an outcome measure (e.g., Kuo-
nanoja et al, 2014; Laurie and Blandford, 2016; Mohamed, 2017), and a small fraction has described
the link between self-efficacy and behavior (Myneni et al., 2015; Oinas-Kukkonen, 2013), but no ef-
fort has been made to explain the entire process. Second, prior studies have shown only positive ef-
fects of BCSS on users’ self-efficacy beliefs (e.g., Kuonanoja et al., 2015; Langrial and Lappalainen,
2016), but we show that wearable interventions also have a negative path and so can also negatively
influence perceived self-efficacy, resulting in users’ non-compliance. Third, to our knowledge, this
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study is the first to investigate wearable technology in relation to self-efficacy. Other studies in the
field have focused on web-based BCSS (e.g., Kuonanoja et al., 2015; Myneni et al., 2016) or mobile
BCSS (Mohamed et al., 2017), although wearables offer new opportunities for BCSS by making new
types of data accessible through sensor technology. Fourth, examining commercially available WATs
rather than BCSS that are designed for research purposes (e.g., Ronen and Te’eni, 2013) allows us to
study BCSS’s influence on perceptions of self-efficacy and subsequent behavior in a natural environ-
ment.

Our research has three useful implications for research and practice. First, our findings suggest that
self-efficacy should be regarded situationally, rather than in a generalized way, because self-efficacy
judgments as they relate to the same target behavior can change as situational factors vary. Therefore,
studies that model self-efficacy as an outcome measure of behavior-change interventions should also
account for situational variations, which requires measuring self-efficacy at frequent intervals, rather
than inquiring only at the beginning and the end of the observation period. Moreover, interventions
that target behavior change that are related to topics like severe medical conditions and mental health
must consider this factor since a situational drop in self-efficacy and the accompanying non-
compliance can have severely negative consequences. Second, the difficulty of the tasks BCSS sug-
gest should be based on individual idiosyncrasies rather than on an identical difficulty level for every
user. What may be too much for one user can still be motivational for another. The literature has sug-
gested that personal factors and attitudes are determinative in assessing task difficulty (Bandura,
1977). Third, WAT providers can learn from this study the information sources by which BCTs influ-
ence self-efficacy and the resulting behavior. Our findings show which BCTs WAT users actually no-
tice and that impact their perceptions and behaviors. WAT providers can also learn that, besides posi-
tively influencing self-efficacy, BCSS can also have adverse effects on users’ perceptions of their self-
efficacy, resulting in non-compliance. These findings have important implications for the design of
WATSs and inform practitioners’ decisions about which BCTs to use and which measures to apply to
counteract adverse effects. For example, since the negative effects on behavior that result from restric-
tive external circumstances must be addressed, WAT providers can consider equipping their systems
with a feature that allows users to pause the intervention or lower its intensity.

6 Limitations and Further Research

The present research is subject to some limitations. Since we investigated only one type of BCSS—
that is, WATs—our findings’ generalizability may be restricted. Even though WATSs incorporate a
wide variety of BCTs, the systems are typically directed toward changing health outcomes that are
related to physical activity and nutrition, which cover only a fraction of the areas of life that BCSS can
target. In addition, although the narrative interview technique is especially valuable when it comes to
exploring longitudinal, process-like issues with highly individual characteristics, some themes could
be over- or under-represented in the data, so there may be a bias in the data toward highly positive or
highly negative issues and incidents of WAT use that are vivid in the interviewees’ memories and can
be recalled more easily than others. These limitations lead to suggestions for future research. For ex-
ample, researchers could investigate other types of BCSS that apply other kinds of BCTs, thereby ex-
tending our findings. In addition, since the study’s participants were all based in Switzerland, a follow-
up study might take other cultural contexts into account to determine whether the findings can be gen-
eralized. A longitudinal study could also investigate the development process of self-efficacy beliefs
over time with a particular focus on the logic with which switches from the positive to the negative
path occur, investigate the development of the perceived value of self-efficacy information derived
from the three information sources, and detail the influencing factors and behavioral responses further.
Moreover, it may prove to be fruitful to consider additional criteria, such as personality traits, in the
sampling strategy.
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