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Abstract
Media habits are central constructs in audience research. Yet, little is known about the
formation of (media) habits. Based on theoretical elaboration and the results of a longitudinal
study on the formation of a mobile media application habit—specifically the UEFA Euro
App 2016—in a real-world setting, the present paper develops a comprehensive framework
of media habit formation. The framework focuses on the core process of habit formation:
Habits form with (regular) repetition of a behavior in a specific context which is perceived as
rewarding. Yet, the findings of the study show that regularity in behavior performance and
stable external circumstances are less crucial for the formation of a mobile media habit.
Instead, gateway behaviors are proposed as relevant context features for the formation of

mobile media habits.
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The Process of Forming a Mobile Media Habit: Results of a Longitudinal Study in a

Real-World Setting

Imagine discovering an interesting app that provides recent information about your
favorite sports. Probably, once discovered you would open the app a couple of times to check
whether it is worth using. If you like it, you would probably use it repeatedly to keep up to
date with developments in the sports world. After a while, selecting the app may turn into a
habit.

Habit definitions vary to some extent, yet many researchers agree on the basic notion
that a habit is an automatically initiated behavioral response stored as a mental representation
(LaRose, 2010; Naab & Schnauber, 2016; Verplanken & Aarts, 1999; Wood & Riinger,
2016). The focus of habit research mainly rests on measurement issues related to habit
strength (e.g., Gardner, de Bruijn, & Lally, 2011; Naab & Schnauber, 2016; Verplanken &
Orbell, 2003), on examining the influence of habit strength on behavior performance (e.g.,
Danner, Aarts, & de Vries, 2008; LaRose & Eastin, 2004; LaRose, Lin, & Eastin, 2003;
Ouellette & Wood, 1998), and on further constructs of the reception process (e.g., Bayer, Dal
Cin, Campbell, & Panek, 2016). While most publications include notions of habit formation,
detailed theoretical conceptions and empirical examinations of how people form habits are
rare (exceptions are mainly from health research, e.g., Armitage, 2005; Lally, Chipperfield, &
Wardle, 2008; Lally & Gardner, 2013; Lally, van Jaarsveld, Potts, & Wardle, 2010; Marcus
et al., 2000). Apart from LaRose’s (2010) theoretical considerations on the formation of
media habits, communication research has rarely touched upon this issue (for exceptions see
Kim, 2014; Tokunaga, 2013). However, information systems researchers are interested in the
formation process of habits (Limayem, Hirt, & Cheung, 2007) and include habit formation as

an explanatory factor in their models of technology adoption and use (e.g., Kim, 2012; Kim,
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Malhotra, & Narasimhan, 2005; Limayem & Hirt, 2003; Murray & Haubl, 2007; Venkatesh,
Thong, & Xu, 2012).

It is surprising that the formation of media habits has received little attention so far
given the importance attributed to habits: Communication research has shown the relevance
of media habits (e.g., Bayer & Campbell, 2012; Peters, 2007; Schnauber & Wolf, 2016),
media users perceive their media selection as habitual (Cooper & Tang, 2009), and media
practitioners work on establishing media habits (Eastman & Ferguson, 2002). This points to
the necessity of understanding the dynamics of how media users turn into habitual media
users. The present paper aims at contributing to this research topic by focusing on the core
process of habit formation, that is the interplay of repetition, regularity, context stability, and
perceived rewards of a behavior. It hereby gives specific consideration to mobile media habits
(e.g., Bayer & Campbell, 2012; Bayer et al., 2016; Peters, 2007; Schnauber & Wolf, 2016)
and investigates the formation of a mobile media application habit.

We present the results of a longitudinal field study on the formation of a smartphone
application habit that contributes to a better understanding of the particularities of mobile
media habits and their consequences for the process of habit formation. The study is among
the very few that have collected daily observations of participants over an extended period of
one month to draw a detailed picture of the process of habit formation (Wood & Neal, 2016).
In part, the study can serve as a replication of Lally et al.’s (2010) outstanding empirical work
on the formation of health-related habits and thus provides empirical evidence on the
generalizability of their results to the behavioral domain of mobile media application use. In
addition to this replication, the present study extends existing findings in several ways: We
test the influence of perceived rewards and context stability for mobile media application
habit formation. The results derived from this innovative aspect set ground for introducing

the idea of ‘gateway behaviors’ to habit research. Gateway behaviors will be outlined as



MOBILE MEDIA HABIT FORMATION 5

context features relevant for habit formation. Moreover, we conduct a multilevel analysis to
model habit formation adequately given the nested data structure. Based on the theoretical
considerations and empirical results of our study, this paper is the first to propose a

comprehensive framework of interrelated determinants of media habit formation.

(Mobile) Media Habits

Two characteristics in particular make media use an interesting case for studying habit
formation: First, media use may serve a variety of goals and provide a multitude of
gratifications (e.g., entertainment, information, pass time). Although this also holds for other
habits (e.g., transportation habits; Kléckner, Matthies, & Hunecke, 2003), many behaviors
often referred to as being habitual in everyday life serve specific purposes (e.g., seat belt use;
Mittal, 1988). In contrast, media habits can be general in nature, serving varying needs
efficiently (for an elaboration on specific vs. general media habits see Naab & Schnauber,
2016). Second, media content provides novel characteristics in each use episode,
distinguishing media habits from many other habits, for example putting on a seat belt, which
contain similar procedures and ‘content’ each time. This has consequences for perceived
rewards, that is payoffs of the behavior. Rewards depend on the changing media content and
might therefore be intermittent. As we will elaborate below, intermittent rewards can be
beneficial for habit formation (Wood & Neal, 2016).

With the spread of mobile technology, many media behaviors can be performed
ubiquitously. This brings new challenges for habit theory and research: A central assumption
is that the formation of habits depends on stable contexts (e.g., Ji & Wood, 2007). However,
not all behaviors which are perceived to be habits take place in stable external circumstances.
Focusing on mobile media habits thus seems valuable for a better understanding of the

formation of (mobile media) habits in varying circumstances.
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The characteristics of media behaviors set boundary conditions to the core process of
habit formation, that is the interplay of repetition, regularity, perceived rewards, and context
features for habit formation (see ‘The Core Process of Habit Formation’). When interested in
this core process, it seems advisable to keep boundary conditions constant. We therefore
researched the formation of a specific mobile media habit, namely the smartphone application
of the Union of European Football Associations for the European soccer championship 2016
(UEFA Euro App 2016). The app contained up-to-date information on the European soccer
championship. Like many news apps, it provided the same content and update intervals for all
users. In that, it differed from social media apps, messenger apps, and gaming apps whose
personalized content depends on the users’ individual usage and their social networks’
behavior. Unlike most news or sports apps, the UEFA Euro App 2016 covered one topic,
namely the European soccer championship. The schedule of the tournament set fixed ‘events’
receiving special attention. However, many other aspects related to the tournament and the
different teams were covered as well, therefore the app provided new content on a daily basis
in irregular intervals like more general news apps.

When investigating habit formation, tracking the formation process right from the
beginning of a newly adopted behavior is necessary to examine habit development at an
initial stage and later stages. The UEFA Euro App 2016 allowed for such research design.
The app was launched specifically for the European soccer championship and the field period
of the study started right before the first game (June, 10" to July, 10" 2016).

Researching this particular mobile media application will affect the theoretical focus
of the paper. When elaborating on factors determining habit formation in the next section, we
will also outline how the particularities of the UEFA Euro App 2016 sets boundary

conditions to the core process of habit formation.
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The Core Process of Habit Formation

Several factors influencing habit formation are discussed in the literature. The present
paper aims at integrating these factors into a coherent theoretical framework (see ‘A
Comprehensive Framework of Media Habit Formation’). In the following, we describe the
core process of habit formation: (regular) repetition of a behavior in a specific context which
is perceived as rewarding. We hereby elaborate on the different determinants and their

interrelations in detail and point out specifics of mobile media habits.

Repetition and Regularity

The central determinant of habit formation is repetition of a behavior. Repetition of a
behavior is a necessary precondition to forming a mental representation of the habitual
response connecting the behavior to its circumstances and consequences. The mental
representation of the behavior may be understood as a form of “’chunking’ the behavior
together into a unit” (Smith & Graybiel, 2016, p. 34; see also Gardner, Phillips, & Judah,
2016). Action steps are merged into a higher-order behavior (Gardner et al., 2016). For
example, the use of the UEFA Euro App 2016 may consist of the steps ‘pushing the app
button’, ‘reading the first headline’, then ‘skip to game results’.

Once a habit forms, formerly intentional behavior becomes automatic, that is initiated
with little awareness, attention, and controllability (Bargh, 1994). Thus, habit formation is
based on operant learning and repeated practice of a behavior, which sets habits apart from
other forms of automaticity, for example reflexes. Therefore, researchers agree that habits
form through repetition (e.g., Carden & Wood, 2018; Redish, Jensen, & Johnson, 2008;
Verplanken & Aarts, 1999).

Empirical evidence on the number of repetitions necessary for habit formation is
scarce, however. Several information systems studies with a small number of panel waves

indicate that habit strength increases with the number of repetitions, yet these studies do not
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aim at tracing the process of habit formation (e.g., Limayem & Hirt, 2003; Venkatesh et al.,
2012). In an experimental setting, Murray and Haubl (2007) find support that nine repetitions
of using an online interface increases habitual choice of this interface compared to only one
usage experience. The participants of the study by Lally et al. (2008) experienced
automaticity in their daily weight loss behaviors after three months. Armitage (2005) found
that the influence of past physical exercise on future performance of this behavior decreases
after five weeks of weekly repetition suggesting an increase in habituation.

The relationship between repetition and habit strength is most probably not linear:
After a certain number of repetitions, habit strength growth decelerates—further repetitions
lead to smaller increases until the process of habit formation ceases and habit strength reaches
its (individual) maximum (Hull, 1943). Lally et al. (2010) provide one of the rare
examinations of the process of habit formation in a real-world setting. They researched
health-related behaviors of eating, drinking, and exercising and had participants perform the
behavior repeatedly over three months. Their results show that habit strength increases with
repetition and that this relationship follows an asymptotic curve. “Early repetitions result in
larger increases in automaticity than those later in the habit formation process, and there is a
point at which the behavior cannot become more automatic even with further repetition” (p.

1007). We therefore hypothesize:

H1a: Mobile media habit strength increases with the number of repetitions of the
behavior.
H1b: The relationship between the number of repetitions and mobile media habit

strength is not linear, but decelerates with the number of repetitions.
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Hereby, Lally et al. (2010) found differences between participants regarding how long
it took until they performed their health-related behavior habitually. This may be due to
boundary conditions such as personality characteristics. For instance, individuals differ in
their trait self-control (Tangney, Baumeister, & Boone, 2004; Wood & Riinger, 2016) and
their tendency to embrace repetitive and reliable structures in everyday life (Thompson,
Naccarato, Parker, & Moskowitz, 2001). This leads to differences in their susceptibility to
automatic behavioral control. Furthermore, media behaviors differ in the complexity of using
the respective devices and processing the provided content. More complex behaviors that
require high levels of flexibility in performance will less likely become habitual or take
longer to habitualize (Lally et al., 2010; Redish et al., 2008; Verplanken, 2006).

Related to the influence of repetition on habit formation is the influence of regularity.
Regularity indicates that the repetition of a behavior follows a temporal pattern, for example
each day, week, or year, which is not interrupted by omissions. The temporal availability and
structure of media content influences the potential repetition intervals and regularity of media
behaviors. Some media content is provided on a predetermined schedule at fixed times—on a
yearly (e.g., the broadcasting of the Super Bowl), weekly (e.g., new episodes of a show or
podcast releases), or daily basis (e.g., television news). Other content is updated at irregular
times (e.g., social media, news applications). We keep this boundary condition constant when
focusing on the UEFA Euro App 2016. The app was updated several times a day during the
period of the European soccer championship. Thus, users could check the app daily. This
allows for tracking habit formation on a daily basis and the expectation of increases in habit
strength within a reasonably long field period (one month).

Empirical results on the influence of regularity are scarce. Armitage (2005) shows that
future performance of the weekly physical exercise is less likely after omissions of one week.

In particular, omissions within the first weeks hinder future performance. Lally et al. (2010)
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present a more fine-grained analysis of daily health behaviors. Contrary to the findings of
Armitage (2005), they conclude: “[...] missing a day resulted in a non-significantly lower
SRHI score [self-report habit index; the authors] the following day, but there were no longer-
term costs associated with a single omission” (p. 1006; see also Lally, Wardle, & Gardner,

2011). This suggests that habits can form despite omissions. Therefore, we ask:

RQ1: Do omissions in behavior performance influence mobile media habit formation?

Context Stability

Repeated execution of a behavior can be understood as the basis for habit formation.
However, it is not mere repetition that is decisive, but the setting in which the behavior is
repeated is important, too: A necessary precondition for habit formation is the co-occurrence
of the behavior with stable context features (e.g., Gardner, 2015; Lally et al., 2010; Ouellette
& Wood, 1998; Wood & Neal, 2016). The behavior has to be performed not only repeatedly,
but also in stable contexts. The formation of a mental representation of the habitual response
depends on the reliably repeated co-occurrence necessary for encoding in procedural memory
(McClelland, McNaughton & O’Reilly, 1995). This pattern of co-occurrence between context
features and a behavior may happen intentionally or unintentionally. Once a habit is formed,
further perception of the respective context triggers the associated behavioral response
without deliberate decision-making and little control over the behavior (Redish et al., 2008;
Wood & Neal, 2007).

Habit researchers mostly refer to external circumstances as relevant context features
co-occurring with the behavior to form a mental representation of the habitual response.
Examples are time (of the day, week, or year), place (e.g., the living room), social

surroundings (e.g., when in the company of specific people or being alone), and prior or
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parallel activities (e.g., after or while having lunch; Ji & Wood, 2007). Some researchers also
include internal factors like mood and goals (for a discussion see e.g., Naab & Schnauber,
2016; Wood & Neal, 2007). Furthermore, a myriad of other internal and external factors—
solely or in combination—may function as context features (Gardner, 2015; see McDaniel &
Einstein, 1993; 2000 on the effectiveness of different context cues to elicit automatic
responses).

Based on this notion of reliable co-occurrence of context features and behavior,
intervention programs for habit formation recommend deliberately performing the behavior
in specific (mostly external) situational circumstances. This is also called forming and
performing an implementation intention (e.g., ‘During vacation, I will go for a run each day
after breakfast’ instead of ‘I will go for a run each day during vacation’; Gollwitzer, 1999).
Results show that implementation intentions connecting a behavior to context features are
more likely to be acted upon regularly (for an overview see e.g., Gollwitzer & Sheeran,
2006). In consequence, the behavior will more likely form into a habit and need less
intentional planning after repeating it in the specific context several times (Holland, Aarts, &
Langendam, 2006; Wood & Neal, 2016). Thus, although in the initial stage the procedure
explicitly focuses on intentional performance, over time the automatic character takes over
because implementation intentions provide for reliable repetition in a stable context.

However, media habit researchers found evidence that existing media habits—unlike
other habitual behavior— are not instigated in stable contexts as defined above (Kim, 2014,
Naab & Schnauber, 2016; Newell, 2003; Schnauber, 2017; Schnauber & Wolf, 2016). They
speculate that while context stability is relevant in habit formation, it is not once the habit is
formed (LaRose, 2010; Naab & Schnauber, 2016). Whether context stability is necessary for
habit formation and interacts with repetition of the behavior has barely been put to an

empirical test. This is especially the case with regard to the formation of mobile media
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application habits (for an exception see Kim, 2014). The ubiquitous availability of media
devices allows for usage in determined circumstances, but does not afford them. We therefore

aim at extending the research on mobile media habits by testing the following hypotheses.

H2a: Mobile media habit strength increases when the behavior is performed in a
stable context.

H2b: Context stability moderates the relationship between mobile media habit
strength and the number of repetitions: The positive relationship between the number
of repetitions and mobile media habit strength gets stronger by performances in a

stable context.

Perceived Rewards

Besides the repeated execution of the behavior in co-occurrence with stable context
features, reinforcement of the behavior, mainly in the form of rewards, is discussed as a
precondition of habit formation (Gardner, 2015; Smith & Graybiel, 2016; Wood & Neal,
2016). Rewards may come in the form of (monetary or other) incentives or payoffs of the
behavior itself. Repeatedly rewarding experiences strengthen the formation of a mental
representation of the habitual response by stamping the association between context features
and behavior (for comprehensive overviews see Graybiel & Smith, 2014; Wood & Ringer,
2016). Once a habit is formed, individuals automatically give attentional priority to context
features associated with the rewarded behavior and performance is triggered without
intention (Anderson, 2016; Carden & Wood, 2018). Repeatedly rewarding experiences
associate the behavior with positive immediate outcome expectations which finally lead to
stable, long-run outcome expectations (LaRose, 2010). Whether recurring rewarding

experiences are relevant for habit maintenance, seems to depend on the stage of habit
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formation: Smith and Graybiel (2016) suggest that whereas habits at first are reward or
outcome sensitive (‘AO habits’), intensive execution of the behavior leads to reward or
outcome insensitive—and therefore very stable—habits (‘SR habits’). In the same vein,
LaRose (2010) differentiates between a phase of habit acquisition (reward sensitive) and
habit activation (reward insensitive). In any case, habits seem to lead to individuals noticing
when a reward is received but not when the behavior fails to provide a reward. This leads to
the notion that SR habits only decay very slowly after repeatedly devalued experiences
(Smith & Graybiel, 2016).

Laboratory research indicates that habit formation is fostered by rewards that do not
always occur (Wood & Neal, 2016). This intermittent reward structure as a payoff of the
behavior is inherent to media use due to the ever-changing content provided. Media content
may be more or less informative, entertaining, and so on in each media use episode. This also
applies to the UEFA Euro App 2016. Due to its irregular updating intervals, opening the app
may or may not provide new content and will be more or less informative in different use
episodes. Surely, media behaviors also differ in their gratification potential for users:
Whereas some individuals are interested in, for example, soccer, others are not. This might
influence immediate and long-term outcome expectations that users associate with their use
of a specific media behavior and thus influence habit formation (LaRose, 2010). Focusing on
one particular media content, namely the UEFA Euro App 2016, ensures inter-individual
variation in perceived rewards.

Results by LaRose and colleagues (LaRose & Eastin, 2004; LaRose et al., 2003)
support the general influence of expected outcomes of Internet usage on Internet habit
strength. Limayem et al. (2007) show that the extent of satisfaction with the outcomes of
technology use increases with repeated experience and leads to greater habit strength (see

also Kim, 2012; Murray & Hé&ubl, 2007). Limayem and Hirt (2003) report exploratory
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evidence that providing incentives can strengthen habit formation at an initial stage of
behavior adoption, while incentives seem to be less instrumental later on when perceived
rewards, as direct payoffs of the behavior resulting in positive outcome expectations, are
more influential (similarly for the long-term effect of monetary incentives, Mantzari et al.,
2015). In the same vein, Wood & Neal (2016) conclude that rewards in the form of payoffs of
the behavior itself are especially successful in strengthening the formation of habits. We
therefore aim to contribute to media habit research by testing the longitudinal influence of

perceived payoffs of the behavior on habit formation.

H3a: Mobile media habit strength increases when the behavior itself is perceived as
rewarding.

H3b: Perceived rewards moderate the relationship between mobile media habit
strength and the number of repetitions: The positive relationship between the number
of repetitions and mobile media habit strength gets stronger if the behavior is

perceived as rewarding.

Method
Participants and Procedure

We conducted a longitudinal self-report study on the formation of a mobile media
application habit over 30 days, complemented by an initial questionnaire. All participants
used the German version of the UEFA Euro App 2016. Not letting participants choose a
media behavior of their individual interest should lead to inter-individual variation in
perceived rewards as payoffs of the behavior. This allows for testing the influence of rewards
on habit formation. Furthermore, it served to keep many characteristics of media behaviors
constant that might influence the core process of habit formation as boundary conditions. The

app was permanently temporally and spatially available and provided the same non-
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personalized content updates for all participants at the same time. Of course, the choice of a
specific app limits the generalizability of the results as the study did not test particular media-
specific boundary conditions of habit formation. However, it seemed advisable to focus on
the core process given the limited knowledge on habit formation in media research. The field
period lasted one month, covering the whole European soccer championship from June, 10"
to July, 101" 2016. The app was compatible with the most common smartphone operating
systems (i.e., Android and 10S) and was free of charge.

Fifty-three undergraduate students participated in the study. Thus, the sample was
rather homogeneous, not covering for example different age and education groups. This
limits the generalizability of the results as personality characteristics may influence habit
formation. Still, a homogeneous sample keeps potential boundary conditions such as, for
instance, smartphone skills constant. This is beneficial for the study’s goal to identify the core
process of habit formation. All participants were smartphone users. They were recruited by
trained student assistants as part of a survey research course. Each student recruited at least
two participants, one female and one male. Participants were instructed how to install the app
on their smartphones and place it on the first screen or in a place where they would likely see
the icon each time they switched on their smartphones.

Based on research on interventions to create habits (e.g., Holland et al., 2006), each
participant formed an implementation intention on using the UEFA Euro App 2016 each day
of the European soccer championship to keep up to date with the ongoing tournament: They
chose one specific daily occasion that occurred once a day every day and fitted into their
individual schedules, for example ‘I use the app when getting up in the morning’ or ‘after
lunch’. The chosen occasions were not related to the tournament of the European soccer
championship. There were no instructions on whether participants could use the app more

often during the day.
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Participants were asked to fill out a one-page paper-and-pencil questionnaire once a
day as well as complete a short initial survey (see ‘Measures’). Respondents did not receive
monetary or other incentives for participation since incentives might interfere with the effect
of perceived rewards as payoffs of app use. To ensure continued participation in the
demanding study procedure, participants were supported by trained student assistants. The
student assistants briefed participants intensively on the study’s procedure and maintained
contact during the field period. Communication between assistants and participants was not
related to participants’ repeated use of the app, but to continuously filling out the
questionnaires. The assistants motivated participants to complete the study while they did not
intrude on their use of the app. We cannot exclude the possibility that the social support
influenced the habit formation process. Yet, it seems appropriate given the effortful
longitudinal design.

Of the 53 initially recruited participants, 51 successfully completed the study and
handed in all paper questionnaires. Seventy-one percent filled out all questionnaires; no
participant skipped more than six questionnaires. Fifty-one percent were male, the mean age

was 21.18 (SD = 2.06).

Measures

Repetition. Each day, participants reported whether they had used the app. From this
information, we created the variable ‘number of repetitions’. The variable indicated the
number of days on which the participant had used the app prior to the respective day. For
example, if a participant had used the app each day from study day one to day four, they
received a ‘4’ as value for the number of prior repetitions on day five. If this participant did
not use the app on day five, the value for the number of repetitions on day six stayed at ‘4’. If
they used the app on day six, the value for day seven went up to °5°. Additionally,

participants specified for each day how many times they had used the app. If the app was
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used at least once on a day, participants answered further questions on context stability,
perceived rewards, and habit strength.

Omissions in behavior performance (regularity). From the information on which
days a participant had used the app, we further computed a variable indicating for each day
how many consecutive days a participant had omitted using the app prior to the respective
day. For example, if a participant had used the app each day at day five, they received a ‘0’.
If the participant did not use the app on day five, the value for day six was ‘1°. Another
omission on day six lead to a value of ‘2’ on day seven. If the app was used on day seven, the
value for day eight was ‘0, that is the count of omissions started anew every time the
participant had used the app at least once.

Context stability. Participants indicated for each day of using the app whether they
had used the app on the respective day (1) only during their individually selected daily
occasion, (2) during their individually selected daily occasion, but also during other
occasions, or (3) only during other occasions. For each day, the percentage of previous days
the participant had used the app only or also during the selected occasion (i.e., values 1 and 2)
was computed, representing context stability. For example, when a participant had used the
app only or also during the selected occasion from day one to five, they showed a context
stability of 100 percent on day six. If the participant had used the app only or also during the
selected occasion on day one and two, but not on day three, four, and five, they showed a
context stability of 40 percent on day six.

Perceived rewards. A single item measured whether the app use was perceived as
rewarding by the participant (“Using the app today was rewarding”, scale from 0 does not
apply at all to 4 completely applies). For data analysis, we computed the percentage of
previously rewarding experiences (scale points 3 and 4) for each day over all previous days

the app was used at least once (comparable to the percentage count of ‘context stability’).
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Habit strength. A four-item short version of the self-report habit index (SRHI,
Verplanken & Orbell, 2003) focusing on behavioral automaticity (Gardner, Abraham, Lally,
& de Bruijn, 2012; see also Lally et al., 2010) measured habit strength. The items were
adapted to capture automatic initiation (Gardner et al., 2016), that is automaticity in opening
the app: “Today, I opened the app... (1) automatically, (2) without having to consciously
remember, (3) without thinking about it, (4) without realizing I’'m doing it”. Participants rated
these items on a scale from 0 does not apply at all to 4 completely applies. We created a sum
scale of habit strength for each day the app was used ranging from 0 to 16, showing good
internal consistency (mean alpha coefficient across all study days a =.90).

Socio-demographics and additional participant information. In the
complementary questionnaire prior to the longitudinal study, participants’ gender and age
were assessed. Furthermore, respondents indicated how interested they were in the European
soccer championship (0 not interested at all to 4 very interested; M = 2.75, SD = 1.28).
Participants also stated whether they already knew the UEFA Euro App 2016 and had already
used it. Nine participants (18%) already knew the UEFA Euro App 2016 and three (6%) had
already used it. However, as the app did not contain a significant amount of content before
the start of the European soccer championship, no extensive use was possible.! Finally,
smartphone habit strength was measured by an adapted version of the SRHI (Verplanken &
Orbell, 2003) focusing on automatic initiation for each participant and used as a control
variable in the following analyses (11 items,? measured on a scale from 0 does not apply at
all to 4 completely applies, sum scale from 0 (lowest habit) to 44 (highest habit strength);

M = 25.63, SD = 7.65, a = .87).

! Excluding these participants did not change the results; therefore, they are included in the presented analyses.

2 The original SRHI contains an item measuring self-concept (‘that’s typically me’). Self-concept, however, is
not an integral part of the habit concept and the respective item was excluded from the SRHI (Gardner, 2015;
Lally et al., 2010).
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Data Analysis

To account for the nested data structure (i.e., repeated measures of the same
individuals), we conducted multilevel analyses (MLA). MLA has major advantages over
traditional approaches (Hox, 2010): It does not require balanced data and thus can handle that
the number of observations differs between individuals (i.e., some participants did not use the
app on each of the 30 days of the study or did not fill each daily questionnaire, producing
missing observations for some days). MLA allows for modelling linear as well as non-linear
trends, which is inevitable as we assume that habit strength grows with the number of
repetitions whereby growth is stronger at the beginning and then decelerates (H1a and H1b).
To obtain a good model fit for this trend over time, we included the linear term of the number
of days on which the behavior was repeated until the current day of the study as well as its
quadratic term to predict habit strength on each day of the study. Furthermore, MLA allows
for testing of individual differences. As participants can be expected to vary in their habit
formation (Lally et al., 2010, see ‘Repetition and Regularity’), we tested for significant
varying slopes between individuals (deviance difference test; Hox, 2010). MLA allows for
adding time-varying as well as time-invariant variables potentially affecting the development
of the dependent variable. To test H2 to H3 and answer RQ1, we included regularity in the
form of the number of omissions (RQ1), context stability (H2a), and perceived rewards (H3a)
on the situation level into the model. The interactions of the latter two with the days the
behavior was repeated (linear and quadratic term) served to test the moderation hypotheses
H2b and H3b. Additionally, smartphone habit strength on the person level (grand mean
centered) was included as a control variable. Aside from overall smartphone habit strength,
further variables could be potentially relevant control variables. With regard to person level
factors, prior experiences with similar apps (0 no vs. 1 yes) or general smartphone use for

soccer information (1 never to 5 several times a day) in particular may influence the ease of
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habit formation. Furthermore, socio-demographics such as age and gender may have an
impact on habit formation. However, when introduced in the MLAs none of these variables
influenced habit formation. With regard to events in the tournament, whether the German
team was playing or not on a specific day is another potentially relevant control variable as
most study participants were in favor of the German team. When including in the MLAs
whether a participant was a fan of the team (0 no vs. 1 yes) as well as whether the German
team was playing (1) or not (0), we found no significant effects. In the same vein, the
fortunes of the German team (1 Germany in the tournament vs. 0 Germany eliminated from
the tournament) did not affect habit strength. To keep the models parsimonious, we refrained
from including the aforementioned variables in our final analyses.

The following MLASs are based on 1162 measurements (level 1, i.e., daily
observations of all participants over a period of 30 days) from 51 individuals (level 2).
Although there are no strict conventions on adequate sample sizes on both levels, simulation
studies indicate that with at least 50 level-2 units (in our case individuals, N = 51), most
parameters and their standard errors are estimated sufficiently accurately on both levels
(Maas & Hox, 2005; Snijders, 2005; for an overview see, Hox, 2010). This holds true even
when few (N = 5) level-1 units (in our case daily observations) exist per level-2 unit. In the
current study, no individual reported less than 12 daily observations (Naverage = 23). The
accuracy is relevant as biased standard errors lead to erroneous power estimations.
Simulation studies on such estimates of statistical power to detect medium (fixed) effects
(Cohen, 1988) point to adequate power given the current sample size (51 individuals with an

average of 23 daily observations; Scherbaum & Ferreter, 2009).

Results

On average, participants used the UEFA Euro App 2016 on 23 days during the 30 day

period under investigation (M = 23.20, SD = 5.24, Min = 12, Max = 30) and 41 times
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(M =41.03, SD = 24.43, Min = 16, Max = 170). Whether participants perceived app use as
rewarding (across all days and participants: M = 2.01), varied inter- (SD = 0.81) as well as
intra-individually (SD = 0.88). Whereas inter-individual variation was relevant for testing
whether perceived rewards influence the habit formation of individuals, intra-individual
variation in reward perception across days points to the intermittent reward structure of media
use. Respondents started with an average habit strength of 1.02 (SD = 2.07, Min =0,
Max = 9) and reached a habit strength of 3.73 on the last observation day of each participant
(SD =4.20, Min =0, Max = 13). Compared to the theoretical maximum of 16, this indicated
rather low overall habit strength across the sample (see ‘Limitations’). However, importantly
for hypotheses testing we found intra-individual variation in habit strength during the field
period for most participants (43 individuals, 84%). In turn, eight participants (16%) did not
show any habit formation. On average, habit strength of those participants whose habits got
stronger from the first to the last day of the study increased by 5.03 (SD = 3.48, Min =1,
Max = 13). Thus, the data allowed for testing the influence of the variables of interest.

In a first step, we modelled the relationship between repetition and habit strength.
Table 1 summarizes the results. As expected, habit strength increased with the number of
repetitions (b = 0.08; t = 9.49; p <.001; Hla supported). This increase was not linear, but
decelerated, as indicated by the significantly better model fit when including the quadratic
term and its significant negative regression weight (b =-0.01; t =-2.09; p < .05; H1b
supported). The slope (significant random slope of the linear term: 0.11; p <.001) as well as
the curve’s shape (significant random slope of the quadratic term: 0.001; p <.001) hereby
significantly varied inter-individually, indicating that participants differed in their process of
habit formation. For 61% of the participants, the slopes of the quadratic term were negative.
Thus, for the majority, increases in habit strength decelerated during the 30 days under

investigation.
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[Table 1 about here]

Four examples illustrate these differences in habit formation. The upper scatterplots in
Figure 1 represent the process of habit formation for two specific participants who developed
strong habits (habit strength on the last observation day of the two participants: 13), the lower
scatterplots represent the process for two specific participants who developed moderate habits
(habit strength at the last observation day of the two participants: 7-8). Curve shapes of

participants with low habit strength are not depicted as they largely resemble flat lines.

[Figure 1 about here]

In a second step, we introduced additional variables into the model to answer RQ1
and test hypotheses H2 and H3 (Table 2).2 The number of omissions led to a decrease in habit
strength on the first day following the omission(s) (b =-0.25; t =-2.28; p <.05). To test
whether this was a short-term or lasting effect, we estimated the same model with the number
of omissions influencing subsequent days. We found a similarly strong significant effect of
the number of omissions on the subsequent day, after the behavior had been performed again
(b =-0.28; t =-2.44; p < .05). Two days after the omission(s) this effect remained negative
but became insignificant (b = -0.18; t = -1.42; p > .05). Three days after the omission(s) the

number of omissions did not have a negative effect any more (b =0.04; t = 0.33; p >.05).

3 As the estimation of the models with random slopes for the number of repetitions (linear and quadratic) led to

convergence problems, only fixed effects were estimated in the following (Hox, 2010; see ‘Limitations’ for the

potential causes and consequences).
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Thus, while omissions lead to a short-term drop in habit strength, this effect petered out
within three days (RQ1).

Contrary to H2a, context stability did not affect habit formation: Habits developed
irrespective of whether a participant used the app largely during their individually chosen
daily occasion or not (b = 0.60; t = 1.12; p > .05). Context stability and repetition did not
interact (biinear = 0.20; t = 1.35; p > .05; bguadratic = 0.00; t = -0.71; p > .05; H2b not
supported).

Supporting H3a, perceived rewards strengthened habit formation (b = 1.74; t = 3.38;
p <.001). There also was a significant interaction with repetition. Figure 2 illustrates the
interaction by means of simple slopes for low (M — 1 SD), medium (M), and high (M + 1 SD)
perceived rewards: Rewarding experiences accelerated habit formation, indicated by the
steeper slope (Diinearxreward = 0.20; t = 2.01; p < .05; H3b supported). Although not significant
(bquadraticxreward = -0.01; t = -1.41; p > .05), less perceived rewards led to a steadier growth of

habit strength.

[Table 2 about here]

[Figure 2 about here]

Discussion

Habit strength is a relevant construct in media research. Knowledge on the formation
process of (mobile media application) habits—especially in real-world settings and with
human subjects (for laboratory studies see e.g., Verplanken, 2006; for animal studies see e.g.,
Graybiel & Smith, 2014)—is surprisingly scarce (exceptions are foremost Armitage, 2005,
Lally et al., 2010 as well as studies which do not primarily aim at tracing dynamics in habit

formation, e.g., Kim et al. 2005; Murray & Haubl, 2007; Tokunaga, 2013). Based on a
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longitudinal field study on the formation of a mobile application habits over a period of one
month, the present paper investigated the core process of habit formation—the (regular)
repetition of a behavior in a specific context which is perceived as rewarding. Centrally, habit
strength of selecting the UEFA Euro App 2016 increased with the number of repetitions of
the behavior: The more often individuals used the app the less conscious, aware, and
controllable they perceived the selection process. Also, as assumed, the relationship between
the number of repetitions and habit strength was not linear, but with the number of executions
of the mobile media behavior, the increase of habit strength decelerated. The present data
emphasize the need to acknowledge this non-linear relationship, which has sometimes been
mentioned in habit literature and was previously found by Lally et al. (2010) for health-
related behaviors, and to withdraw from simplifications of a linear relationship between habit
strength and repetition after a habit has formed.

Our results suggest that the influence of repetition on habit formation is largely
unaffected by omissions, that is whether or not the behavior was performed regularly.
Omissions caused a short-term drop in habit strength. However, this lower level was not
sustained, but three days later, the drop was compensated. This confirms the results of Lally
et al. (2010) and suggests that whereas repetition of the behavior is of central importance for
habit formation, regularity is less important. This, however, may depend on the interval
between repetitions. Lally et al.’s (2010), as well as our study, focused on daily behaviors. On
the contrary, Armitage’s (2005) results indicate an influence of (especially early) omissions
for weekly behaviors.

Habit theory suggests that habit strength increases when the behavior is not only
repeated, but repeatedly co-occurs with the same contextual features. For example, an
individual might use a certain mobile application always at the same time, place, after the

same occasion, or in the same mood. The present data does not support this assumption.
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Whether or not an individual had followed their implementation intention reliably, that is had
used the app in the same predetermined context every time, did not influence habit formation.
The missing interaction effect between number of performance repetitions and context
stability suggests that stability of context was neither relevant during the initial phase when
the behavior had only been repeated a few times nor during the onward phase after many
executions. This may be due to several reasons. For one, the measurement of context stability
focused on whether or not participants followed their implementation intention. That is, we
presupposed that the occasion which the participants had chosen at the beginning of the study
formed the stable context. However, any other internal or external factor may have
functioned as a context feature for the respective participant. For example, different from
their implementation intention, a participant may have used the app always when bored—
representing a stable internal context, namely always in the same mood—, always when
being worried about a potential threat to their favorite team, or when being reminded of the
tournament by other people.

Apart from this potential measurement limitation, the missing relationship between
mobile media habit strength and context stability is in accordance with research stating that
media habits are not necessarily performed in stable internal or external contexts (Kim, 2014;
LaRose, 2010; Naab & Schnauber, 2016; Newell, 2003; Schnauber, 2017; Schnauber &
Wolf, 2016). Thus, the results at hand indicate the need to rethink the definition of ‘context’:
The concept of habit inherently requires context features to reliably co-occur with the
behavior in the process of habit formation. Otherwise, the mental representation of the
habitual response cannot form and in consequence the behavior cannot be activated
automatically (Wood & Ringer, 2016). Yet, for media behaviors in general, and specifically
the use of a mobile application, the relevant context features might go beyond the features

mostly considered. Potentially, the media device use itself in combination with the app icon
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functions as the relevant context: Media content selection proceeds in two stages—first, the
user selects a media device, then specific content. Therefore, media device use may be
considered a ‘gateway behavior’ to further—potentially habitual—selection processes (see
Oulasvirta, Rattenbury, Ma, & Raita, 2012 for the idea of ‘gateway habits’). The use of the
app is imperatively bound to smartphone use as the ‘gateway behavior’. The newly adopted
app use is chunked into a unit with the already established, and therefore potentially
habitualized, smartphone use (see ‘Repetition and Regularity’). In particular, after a long
history of repetition, which is common for the use of many media devices, the ‘gateway
behavior’ is likely an SR habit, thus a very stable, reward insensitive structure. This already
existent structure may provide the relevant context for the adoption of a new—and at first
reward sensitive (see below)—AO app habit. In consequence, the use of the media device and
the subsequent mere sight of the app icon may serve as context features which always co-
occur with the potentially habitual behavior, that is the app use.

The notion of a ‘gateway behavior’ for habit formation diverges from the concept of
context stability as described above. Traditionally, context cues are distinct from the habitual
behavior. External and internal context features such as place, time, or mood are commonly
regarded as relevant for habit formation and constitute one possible context for the execution
of the behavior. For example, the external context feature ‘after breakfast’ which may serve
as a stable context in forming a habit of using the UEFA Euro App 2016 is not mandatory.
An individual may use the app after breakfast, but also after lunch, or in any other situation.
In contrast, gateway behaviors are inextricably tied to the behavior which is habitualized. A
gateway behavior is a stable context that is a necessary precondition for the performance of
the habit. App use depends on smartphone use. However, smartphone use is not a sufficient
precondition for app use as it is also a gateway to many other behaviors. Nevertheless, the

smartphone makes available a range of further cues, specifically the icon of the app as a
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context feature. Recent habit literature has already started to deal with such context features
as prerequisites of habit formation (e.g., Carden & Wood, 2018). For instance, Anderson
(2016) reports accumulated experimental evidence from attention research that is applicable
to mobile media habits: When a colored shape repeatedly co-occurred with a (rewarded)
behavior, participants formed a mental representation of the respective response to the cue. In
subsequent trials, individuals habitually focused their attention on the respective colored
shape even if it was unrelated to the current task. Applying these findings to mobile media
application habits, the mere sight of an app icon on the smartphone screen may serve as a
contextual cue and automatically attract attention leading to opening the app. A necessary
prerequisite for this automatic selection is the gateway behavior, that is using the smartphone.

In summary, the idea of media device use as gateway behavior and icons as additional
cues leads to the notion that stability of traditional external and internal context cues might
not be required in the mobile media application habit formation phase. The gateway behavior
and the icon might serve as cues, inherent and mandatory, to the repeated execution of the
behavior. The concept of gateway behaviors as triggers might be especially relevant to
mobile media habits, because mobile media use is predestined to take place in ever changing
external circumstances and media use needs some sort of technical device. Yet, habits in
other domains might also be automatic responses to gateway behaviors. For example, starting
the car might activate the habit of driving to work—even when it is Sunday and one planned
to drive to the baker.

The study did not provide a formal test of the role of the gateway behavior and app
icon as context features necessary for mobile media application habit formation. However,
the relevance of a gateway function of smartphone use is indicated by the result that
smartphone habit strength tended to have a positive influence on app habit strength (Table 1

and Table 2). Of course, the results need further confirmation, but they indicate that the
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formation of mobile media application habits does not need performance in stable contexts in
a traditional sense to successfully contribute to automatic initiation. This may explain the
result that stability of the context features embedded in the implementation intentions did not
influence habit formation, since these context cues were traditional features such as places,
prior activities, and the like.

The influence of rewards on habit formation has rarely been tested and those tests that
have been performed were largely limited to the laboratory (e.g., Anderson, 2016; Murray &
Héubl, 2007) and animal studies (e.g., Graybiel & Smith, 2014). In line with these former
results, habit strength of selecting the UEFA Euro App 2016 increased when the behavior
was repeatedly perceived as rewarding. Rewarded users showed a steeper increase in habit
strength during the initial phase of just a few repetitions than less rewarded users. However,
the influence of perceived rewards petered out over the period of the 30 days under
investigation. Thus, rewarding experiences with a media behavior seem to have an impact at
the beginning of habit formation but become less relevant later on. This result is in line with
the proposed transition from AO to SR habits after intensive execution of a behavior (Smith
& Graybiel, 2016) and LaRose’s (2010) differentiation between habit acquisition and habit
activation: In early phases of habit formation, habits are reward sensitive (AO). After
intensive repetition, reward insensitive SR habits develop. Less satisfied users generally
reached a lower level of habit strength, but their progress in habit formation in tendency was
more continuous. It may be assumed that after a longer time span, the habit strength curves of

more and less rewarded individuals converge.

Limitations

Several limitations have to be considered when interpreting the results. The
preselected media use behavior has consequences for the generalizability of our results. First,

participants were not free to choose a behavior they wanted to habitualize. This may limit the
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study’s external validity as it is unclear if and for how long individuals are willing to repeat
such a behavior under natural circumstances. This may also depend on their motivation to
follow their initially formed implementation intention. However, this procedure was
appropriate to test the influence of rewards on habit formation in that it created variance in
perceived rewards resulting in positive outcome expectations of app use. Furthermore, the
results are indicative for intervention strategies where individuals are motivated to habitualize
behaviors that may not be gratifying in the short-term. Second, the UEFA Euro App 2016 and
its attributes, for example, its content, update intervals, and the complexity of usage, may
influence habit formation. By preselecting only one app, the study kept constant many media-
specific factors that may influence the process of habit formation (see ‘A Comprehensive
Framework of Media Habit Formation’). This limits generalizability of the results to other
media devices and content. Future research should thus systematically vary and test the
dynamics of habit formation for different media behaviors including for example different
mobile applications with personalized content as well as other media devices. These studies
could also include further potentially confounding variables like complementary or
substitutionary usage of other related media content (e.g., the use of other information
sources on a specific topic like soccer).

The overall habit strength at the end of the field period was relatively low (M = 3.73,;
SD =4.20 on a scale from 0 to 16). This may lead to the assumption that not much habit
formation occurred at all. However, various aspects have to be considered: First, especially
the automaticity dimension of habit strength tends to produce low overall levels in different
behavioral domains (e.g., Schnauber, 2017 for various media use behaviors, Limayem & Hirt,
2003 for information systems usage, Gardner & Tang, 2014 for eating unhealthy snacks and
drinking alcohol, and Mittal, 1988 for seatbelt use). This indicates that participants do not

necessarily utilize the full scale range for these items, probably due to social desirability—
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individuals do not want to admit they acted automatically—or a limited capability to self-
report on automatic processes (Nisbett & Wilson, 1977). Second, since participants could not
choose an app of their interest, rewards and thus habit strength might be lower than in other
studies which examine habitualization of desired behaviors (e.g., Lally et al., 2010). Third,
the results are only tentative due to the short duration of the study: The field period of 30
days may have been too short to develop stronger habits (see also Carden & Wood, 2018). A
longer investigation might produce results that are more pronounced. Yet, other authors also
support the low overall habit strength with longer periods of investigation (e.g., Limayem &
Hirt, 2003). Fourth, we find inter-individual differences in habit formation. Whereas eight
participants (16%) did not develop habits at all, about the same share (7 participants) showed
habit strengths beyond the scale’s midpoint at the end of the field period. Thus, our results
point to the importance of inter-individual factors in habit formation. Future studies over a
longer period might reveal if some people develop habits more slowly but with a similar
curve shape or if people generally have different habit formation curves—or do not develop
(specific) habits at all.

Related to this, the sample limits the generalizability of the results. First, only
undergraduate students participated. However, personal characteristics may influence habit
formation: The result that habit formation follows individual patterns (significant random
slopes, see Table 1) and that person-level factors play an important role (ICC = .66; Table 1
and 2), but are not accounted for thoroughly in this study further supports that a replication
with a heterogeneous sample is needed (see ‘A Comprehensive Framework of Media Habit
Formation’). Second, the sample size on level 2 (individuals) was rather small (N = 51).
Whereas this is less problematic for the accuracy of parameter estimations (see ‘Data
Analysis”), the low number of level-2 units led to convergence problems when estimating

random slopes of the number of repetitions to establish individual curve shapes (see
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‘Results’). Therefore, only fixed effects models were estimated to account for the influence
of additional factors (number of omissions, context stability, and perceived rewards). Thus,
the impact of these variables was estimated without accounting for random slope variances.
This makes the results tentative as it is possible that the effects found stem from inter-
individual variance in habit formation better accounted for by random slopes (e.g., Hox,

2010). Future research relying on larger samples will have to put this to an empirical test.

A Comprehensive Framework of Media Habit Formation

Based on habit theory and the current results, we propose a comprehensive framework
of media habit formation. It complements literature modelling habit strength and further
determinants of media behavior (see LaRose, 2010, for a model that already distinguishes
between determinants during habit formation and habit activation phase, also indicating
relationships between outcome expectations, context cues, and habit strength). Figure 3

summarizes the assumed determinants of habit formation.

[Figure 3 about here]

According to current research, and supported by our results, repetition of behavior
execution is undisputedly the central determinant of habit formation. Whether this repetition
has to be regular in the sense of uninterrupted without omissions is less clear, as our null-
findings are based on a daily performable behavior (thus, it is in brackets in the model).
Whereas many media use behaviors are performed in short intervals, there are numerous
examples of less frequent media use behaviors such as turning on Christmas songs or
watching the Super Bowl on a yearly basis. Future research will have to systematically
evaluate whether the temporal availability of the media content, and in consequence the

pattern of repetition, moderates the impact of omissions on media habit formation.
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Repetition alone is not sufficient to form a habit. The formation of a mental
representation of the habitual response requires the repeated execution of the behavior to co-
occur with context features. Traditionally, one would expect external and internal context
features like time, place, mood, and so on to take this role. So far, it has been assumed
(LaRose, 2010; Naab & Schnauber, 2016), but never empirically tested, that media habits
also demand stable contexts at least during their formation phase. However, our results
indicate that at least mobile media application habits can be formed independently of external
circumstances. Presumably, gateway behaviors—in connection with visual cues such as app
icons—may constitute the stable context required for the formation of the mental
representation of the habitual response instead. Future research will need to look into the role
of different context features, including gateway behaviors, more deeply.

The association of context and behavior in memory is strengthened by perceived
rewards. We find that repeatedly rewarded behaviors are habitualized faster. Rewards seem to
be important for strengthening the formation of the mental representation especially early in
the process (‘AO habits’) but become less relevant later on (‘SR habits”). This finding thus
indicates that also less rewarding (media) behaviors can be turned into a habit through
disciplined repetition. This implies that, for example, interventions trying to establish habits
which the individual may not perceive as rewarding need mechanisms that guarantee a
long(er) implementation phase of continuous repetitions—whereby few omissions are
tolerable. Future research should aim at systematically testing the influence of different
reward patterns (e.g., intermittent or continuous rewards) as well as different types of
rewards. First results point to differences between direct payoffs of the behavior as tested in
our study and monetary or other incentives (Limayem & Hirt, 2003; Wood & Neal, 2016).

The core process of habit formation composed of the central elements (regular)

repetition, context stability, and perceived rewards is dependent on characteristics of the
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person. Our results show that individuals differ in how easily they adopt habits and in how
long the process of habit formation takes (see also Lally et al., 2010): Significant random
slopes and the large ICC (.66) support that person-level factors influence habit formation.
Whereas the current study did not test potential person-level factors, the model fits leave
room for improvement and indicate that such variables are valuable additions to
understanding habit formation. Future research should analyze the role of socio-
demographics (for a short overview about potential influences of socio-demographics on
habitual processing see Venkatesh et al., 2012) and personality characteristics. For example,
some individuals have a greater need for structure and therefore embrace repetitive and
reliable structures in everyday life and lend to greater habitualization (Thompson et al., 2001)
or differ in their trait self-control, leading to differences in their susceptibility to automatic
behavioral control (Tangney et al., 2004; Wood & Riinger, 2016).

Finally, the core process also depends on characteristics of the media use behavior, for
example complexity of use, temporal availability, (ubiquitous) access options, and frequency
of content updates. Moreover, media behaviors are more or less limited to specific contexts or
allow for ubiquitous access. These characteristics set boundary conditions to repetition
intervals, regularity, perceived rewards, and the context features relevant for habit formation.
Future research should also investigate habit formation for different media platforms and
content types to test whether their particularities moderate the habit formation process.
Examining further media behaviors may be especially relevant for analyzing contextual
features and the supposed importance of gateway behaviors.

In conclusion, the present paper provides an integrative framework on the
determinants of habit formation and their interplay which may inspire future research to seek

a more complete picture of this highly relevant process.
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Table 1: Multilevel analyses predicting habit strength from the number of repetitions

Tables

Model 1 Model 2a Model 2b Model 3
Fixed effects b t b t b t b t
Person level
Constant/intercept 3.05*** 7.00 2.09*** 4.84 1.80*** 3.80 1.73*** 5.19
Smartphone habit strength — — 1.007 1.80 1.007 1.80 0.807 1.89
Situation level
Number of repetitions — — 0.08*** 9.49 0.14%*** 4.67 0.16** 2.94
Number of repetitions (quadratic) — — — — -0.01* -2.09 -0.017 -1.84
Random effects Var Var var var
Constant/intercept 947 8.74 8.74 4.27
Residual 4.87 451 4.49 3.37
Number of repetitions — — — 0.11***
Number of repetitions (quadratic) — — — 0.001***
Deviance 5330.00 5275.40 5235.80 5022.00
X2 (df) — 89.92 (2) 4.35 (1) 213.77 (5)
p — <.001 .037 <.001

Note. Nrerson = 51, Nsiwation = 1162; ICC = .66; Maddala R? of the final model = .23; model 1: intercept only; model 2: fixed effects (a: linear term only; b: linear and quadratic term); model 3:
fixed & random effects; unstandardized coefficients; significance test for fixed effects: Wald test; significance test for random slopes: deviance difference test; *** p < .001; ** p < .01,
* .

p <.05; ¥p <.10.
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Table 2: Multilevel analyses predicting habit strength from the number of repetitions, omissions, situational stability, and perceived rewards

Model 1 Model 2
Fixed effects b t b t
Person level
Constant/intercept 0.80 1.26 1.48* 2.12
Smartphone habit strength 0.947 1.80 0.917 1.78
Situation level
Number of repetitions 0.14*** 4.47 -0.08 -0.62
Number of repetitions (quadratic) -0.017 -1.83 0.01 0.52
Number of omissions -0.25* -2.28 -0.24* -2.16
Situational stability 0.60 1.12 -0.02 -0.04
Perceived reward 1.74%** 3.38 1.11° 1.88
Number of repetitions * Situational stability — — 0.20 1.35
Number of repetitions (quadratic)* Situational stability — — 0.00 -0.71
Number of repetitions * Perceived reward — — 0.20* 2.01
Number of repetitions (quadratic)* Perceived reward — — -0.01 -1.41
Random effects Var var
Constant/intercept 7.80 7.35
Residual 4.45 4.42
Deviance 5219.00 5208.80
X2 (df) 19.93 (4) 10.17 (4)
p <.001 0.038

Note. Nperson = 51, Nsituation = 1162; ICC = .66; Maddala R2 of the final model = .10; model 1: only main effects; model 2: interaction and conditional effects; unstandardized coefficients;
significance test for fixed effects: Wald test; *** p <.001; ** p <.01; * p < .05; T p < .10.
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Habit strength

Habit strength

Figure 1. Scatterplots and predicted curve shapes of habit strength of four specific participants over the 30 days of the period under

investigation. Upper graphs: Two participants with high final habit strength. Lower graphs: Two participants with moderate final habit strength.
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Figure 2. Interaction between the number of repetitions and perceived rewards.
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Figure 3. Comprehensive framework of media habit formation.



