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Abstract
Objective: Understanding habits may inform intervention development aimed at promoting
physical activity maintenance for long-term health. In the present article, | review theory and
research on habits applied to physical activity. | provide an overview of contemporary
conceptualizations of habit and habit theory; address whether or not physical activity can be
habitual; review perspectives on how physical activity habits devel op; summarize research on
effects of physical activity habits; identify intervention strategies effective in promoting
physical activity habits; and propose an agenda for future research on physical activity habits.
Design and Methods. Conceptual and narrative review.
Discussion and Conclusion: My overview begins with the definition and conceptualization of
habit. Habits are defined as specific behavioral responses co-occuring with environmental cues
or contextual features. Habitual behaviors such as physical activity are represented in
associative memory, and experienced as low effort, automatic, and independent of goals and
intentions. Habits are devel oped through repeated experience of the activity in stable contexts.
The activity isinitially controlled by goals and rewards, but control shifts to non-conscious,
automatic processes as habits devel op. Interventions to develop habits require promotion of
self-regulatory skills that enable repeated experience of the activity in conjunction with stable
cues or contexts. | propose a number of strategies based on habit research that may inform
interventions to promote physical activity habits. | also propose an agenda for future research
on habit in physical activity, which includes devel oping an integrated theory of habit, adopting

innovative measures and designs, and testing interventions to devel op habits.

Keywords: automaticity; past behavior; routine; self-regulation; behaviora intervention;

behavior change
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1. Introduction

A substantive proportion of people’s daily acti@me accounted for by habits
(Bamberg, Ajzen, & Schmidt, 2003; Danner, Aartsj&Vries, 2008; Rhodes & Rebar, 2018;
Wood & Neal, 2007). However, while there is considide research examining habits as ‘low
level’ motor patterns and routine sequential agimnareas such as learning, conditioning,
reinforcement, and goal-means relations (Balleingi&kinson, 1998; Botvinick & Plaut,
2006), and research examining other types of ‘aatmmnon-conscious processes such as
priming and non-conscious activation of goals (BatP97; Custers & Aarts, 2005), there has
been relatively little research dedicated to undeding habits in everyday contexts (Wood,
2017). Given the pervasiveness of habits in dé#y & complete theoretical account of human
behavior necessitates an understanding of habithelcontext of physical activity,
understanding habits will provide insight into #isd¢ent to which physical activity can become
‘habitual’ and the processes that may lead to éweldpment of physical activity habits.
Knowledge on habits may have utility for organiaas interested in developing interventions
to increase physical activity participation for likegromotion and chronic disease prevention.

In the current article, | review current definiteand theoretical perspectives on
physical activity habits; respond to key questisash as whether or not physical activity can
truly become ‘habitual’; provide an overview of hghysical activity habits are developed;
summarize research on key issues relating to pdiysativity habits such as the inclusion of
habit in theories of self-regulation and socialmtign, habit measurement issues, and the role
of past behavior; outline how habit research céorin interventions to promote physical
activity behavior; identify the means interventitsican employ to promote physical activity
habits; and propose an agenda for future resehathrtay further knowledge and

understanding of habits in physical activity

The current review examines physical activity hefiom an applied social psychological perspecinith a
focus on the inter- and intra-personal and contdxXactors that give rise to habits.
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In the context of the current article | adhere tteéinition of physical activity as any
form of physical activity that has potential to prate health. This may encompass moderate-
to-vigorous physical activities such as formal eis& (e.g., going for a run, attending a ‘cross
fit' class), informal exercise (e.g., going for alk), and incidental physical activities (e.g.,
cycling to work, using stairs in the workplace)yBical activity is, therefore, considered a
‘behavioral category’, encompassing a number dédéht behaviors. While | make reference
to physical activity as a set of behaviors in gahdiscussions of theory on habit, | also
provide examples in which | refer to some of thecsfic types of physical activity such as
forms of formal exercise or use of active transport
2. What is a Habit? Definition and Conceptualizatio

Theory and research on habit has distinguisheddmetabit as a behavior and habit as
a process or psychological construct (Aarts & Dgkisuis, 2000; Gardner, 2015; Mazar &
Wood, 2018; Wood, 2017). Many theories view haag#certain kinds of behaviors. For
example, some theorists have conceptualized andurezhhabit as past behavior frequency
(e.g., Sutton, 1994; Trafimow & Borrie, 1999; Trihs, 1977). This is based on the assumption
that repeated performance of a behavior tendsatbti@ the development of habitual action.
However, this perspective has substantial limitegtif/erplanken, 2006). Behaviors performed
frequently do not necessarily become habits. Furtbee, mere observation of behavior does
not provide information on the conditions or prassswithin the individual that have given
rise to the behavior. For example, observing tat yweighbour goes jogging at 7am every
morning may lead you to infer that she jogs haligjuklowever, your observation provides no
information on the conditions that determine hggjag. You would, for example, fail to see
that her mother provides her with a hefty financgbard for doing so, a reinforcing
contingency that controls her behavior, and irlisence her jogging behavior may desist.
Recognizing the basic limitations of behavioral@tation as a means to infer habits, other

perspectives have been promulgated, with many idgfimabits as a psychological construct
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(Aarts & Dijksterhuis, 2000; Gardner, 2015; MazaWuod, 2018; Verplanken & Orbell,
2003; Wood, 2017; Wood & Runger, 2016). Such apgres recognize that habitual behaviors
are inextricably linked to the cues or contextealttires that give rise to them. They also
specify the specific features of the behavior as@xperience, and identify processes and
factors that lead to their development and maimte@aand lead to their extinction.

Contemporary theory defines habit as a specifioadr behavioral tendency that is
enacted with little conscious awareness or refdectin response to a specific set of associated
conditions or contextual cues (Mazar & Wood, 2048al, Wood, & Quinn, 2006;
Verplanken, 2006; Wood, 2017). Theorists and rebegis have identified a series of key
defining characteristics of habits. Automaticityc@nsidered a key characteristic; habits tend to
be enacted with little conscious awareness and,casisequence, occur rapidly and efficiently,
with little effort (Aarts & Dijksterhuis, 2000; Bgh & Ferguson, 2000; Gardner, Abraham,
Lally, & de Bruijn, 2012; Verplanken & Orbell, 20p3Habits may have an adaptive function,
enabling complex, cognitively costly actions todmacted with little deliberation thereby
‘freeing up’ processing capability for higher-ordgrategic processing (Forster & Jostmann,
2012; Wood, 2017). Habits differ from other fornfsautomatic’ processes such as classical
conditioning and reinforcement strategies (McHoskl8ore, 1976; Skinner, 1953), priming
and the non-conscious activation of behaviors aradsgCusters & Aarts, 2005; Dijksterhuis,
van Knippenberg, & Holland, 2014), and behaviocaipgs (Abelson, 1981). These types of
automatic behaviors focus on goal-directed actasengender broader behavioral responses.
Instead, habits relate to specific behaviors otepas of action, and are enacted in the absence
of goals (Wood, 2017).

The proposal that habits reflect automaticity issistent with some forms of dual
process theories of behavior (Evans & Stanovich326lofmann, Friese, & Wiers, 2011;
Strack & Deutsch, 2004). The theories proposelibhavior is function of two processes: an

automatic, impulsive process in which behavioratednined by implicit cognitions,
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behavioral scripts, or habitual responses storegsociative memory (often referred to as a
‘system 1’ process; Kahneman & Frederick, 2007)l, aneasoned, reflective process in which
behavior is determined by effortful deliberatioreothe value and costs of outcomes (referred
to as ‘system 2’ process). The former is considéredeffort, rapid and efficient, while the
latter is effortful, slower, and less efficient bgmparison. Habit may be considered a specific
form of a system 1 process (Hall & Fong, 2007; Vangen & Aarts, 1999; Wood, 2017,
Wood, Labrecque, Lin, & Ruenger, 2014), in whiclhdsgor is non-consciously, automatically
enacted in response to the presentation of asedaates or contextual features. Dual process
theories also provide an explanation for habittezlgprocesses. Just as dual process theories
predict that behaviors can be controlled by bo#soeed and automatic processes, so
behaviors can vary in the extent to which theytegitual. For example, many researchers
conceptualize habit strength as a continuum anidatelthat individuals differ in the extent to
which they experience their behavior as habituagl. (€ally, van Jaarsveld, Potts, & Wardle,
2010).

Another defining characteristic of habits is tHayt tend to relate to specific actions
triggered by specific cues or contextual contingencT he links between these cues or
contextual contingencies are held in associativenamg (Squire & Zola-Morgan, 1991), and
are thought to be developed through repeated euerithe behavior in the presence of cues
or contextual features (Seger & Spiering, 2011)s Timakes habits distinct from other implicit
social psychological constructs such as impliditiades and motives (Greenwald et al., 2002).
These constructs reflect non-conscious representatf actions as means to obtain desired
goals or rewarding outcomes. Such constructs ak gooutcome-directed and may entail
enactment of multiple behaviour responses to fthl goal (Fishbach & Shah, 2006). Habits
on the other hand tend to be specific behaviodasely-related sets of actions linked with
particular cues or contextual contingencies (W@d,7). For example, the goal of ‘losing

weight’ could be fulfilled through making modifi¢ahs to one’s diet, and increasing
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participation physical activity. Of course diet nifazhtion and physical activity, as previously
suggested, can encompass a number of specific ioehadowever, from the perspective of
habits, any one of these behaviors could be aafjagea habit if it were, for example, repeated
with sufficient frequency and in response to a gmeset of cues.

Although the process that leads behaviors to deveko habits is likely to involve the
pursuit of goals or rewards, once acquired, halsgghemselves are said to enacted without
the necessity of goals or rewards. Therefore, agton becomes habitual it is enacted with
less reliance on the goals that the behavior wiggaily intended to service (Wood & Runger,
2016). A habitual behavior likely begins as ond geavices a specific goal, but, as it becomes
habituated, the relevance of the goal in activatimegbehavior wanes. For example, an
individual may join a gym and start working out ukagly to get fit or lose weight, but, as the
gym attendance becomes habitual, the goal of los&ight itself becomes less relevant in
instigating the behavior. Analogously, habits ds® @roposed to be distinct from other
implicit constructs like beliefs and attitudes, ainreflect individuals’ cognitive representation
of some future desired outcome or goal (Wood & N2@07). The goal-independence of
habits has been corroborated in studies that demadmshat individuals perform habitual acts
regardless of whether or not a goal fulfilled bg #ction is active or salient (Ji & Wood, 2007;
Wood & Neal, 2007). For example, research in plajsactivity has indicated that individuals’
with strong exercise habits follow-through with ithgehavior even if they do not hold
intentions to do so (Gardner, de Bruijn, & Lallyy12). In another example, habitual runners
responded more quickly to word stimuli representhmgr habitual behavior (e.g., “jogging”,
“running”) when the contexts in which they normatigrformed the behavior (e.g., “gym”,
“forest”) were primed, whereas priming their rurgigoals (e.g., “control weight”, “for
relaxation”) did not (Neal, Wood, Labrecque, & lyal2012). As habits develop, individuals
become less sensitive to the goals and rewardsnidwmahave led to the development of the

habit. However, it is important to note that haloitay remain functional in that they service
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adaptive goals, but their enactment does not requirindividual to recall or represent the
goal. Any adaptive goal serviced by the habithsréfore, incidental to the habit itself.
However, that habits once started out as goal ideiadicates that habits may serve as an
important mechanism by which people attain longatgoals.

3. Can Physical Activity Be ‘A Habit'?

Defining habit as a specific behavior or actioamsoversimplification. Just as
individual actions can be broken down into spea#ts of motor patterns, habits themselves
comprise sets of sub-actions, which need to betedat sequence or parallel to fulfil the
overall behavior (Gardner, Phillips, & Judah, 2018)erefore, when referring to habits,
researchers often consider the behavior observieg abacro level, but seldom account for the
sets of co-ordinated sub-actions that comprisectiagtions. Physical activity is a salient
example because it comprises multiple behavios each physical activity comprises a series
of coordinated actions that give rise to the betravor example, swimming laps in the local
swimming pool is not only about coordinating limtbspropel one through the water, but about
the specific sets of actions that lead the indiglda get to the pool in the first place:
identifying the appropriate time and location, gagkrelevant equipment, arranging transport,
ensuring one has sufficient money to pay for thel pse, and so on.

Theorists have, therefore, questioned whether cexmg#ries of actions, like those
involved in performing a given physical activitygrctruly become ‘habitual’. Some have
argued that truly habitual behaviors should be ioeaifto ‘low level’ motor patterns executed
with high precision, without any conscious or p@tcal input, such as operating the pedals or
gear lever of a car, or the footwork and arm swaguired for a tennis serve. Habits from this
perspective are viewed as organized sets or grafugions executed in a sequential,
coordinated pattern to produce the overall obsebetdvior. Such perspectives are epitomized

by research on the acquisition of controlled matovements in skill acquisition (Egbert &
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Barandiaran, 2014; Graybiel, 2008) and reinforcamanadigms in learning (Balleine &
Dickinson, 1998).

An alternative perspective defines habitual behavas “any action, or sequence of
actions, that is controlled by habit” (Gardner, 204. 282), implying that behaviors can be
initiated habitually, performed habitually, or angioination of the two. According to this
approach, some behaviors can be initiated or istgtcghabitually, but their performance may
require more reasoned, deliberative input, whileetg may be executed habitually, regardless
of whether they have been instigated through athahkimpulse (Gardner, 2015; Gardner et al.,
2016). This perspective allows for the initiatidhcomplex behaviors, such as performing a
sport skill or physical activity, including all threecessary preparatory behaviors, as a non-
conscious, automatic response to an associatedhguthe sets of actions themselves require
considerable deliberation or cognitive input topleeformed. It also allows for execution of
sets of motor sequences, such as those involvexkicuting a swimming stroke in the
previous example, to occur habitually. For suchavelrs, individuals may ‘chunk’ sequences
of actions together to form the co-ordinated sétctons observed in the higher-order
behavior, and the execution habit, therefore,fiected in the experience of mastering a
specific skill, similar to the swimming example pided earlier. The distinction between
instigation and execution habitual control may b@ihecessary to describing simple, ‘low
level’ behaviors, such as such as operating thegedals of a car. However, making the
distinction may have utility in describing the htalail control of behaviors like physical activity
that involve complex sequences of behaviors totenac
4. Habit Development

Habits are developed through repeated executitwelvdviors in the presence of salient
cues or contextual features (Gardner, 2015; Gar@inelly, 2018; Wood, 2017; Wood &
Runger, 2016). Before a behavior develops intotbatis controlled habitually, it is likely to

be determined by deliberative processes. In the cbgerforming complex behaviors like
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physical activities, which comprise multiple setsoordinated sub-actions, habitual control
over the behavior most likely relates to its inatign rather than execution. Initiation of the
behavior at this initial stage is determined bimiional processes guided by reflection on the
merits and detriments of acting and anticipatedaues. With repeated instigation of the
behavior in stable contexts, behavioral contraitstioward automatic, non-conscious
processes, and the instigation of the behaviorieegjthe features of a habit: fast, efficient,
non-conscious, and non-intentional.

Repeated exposure to the behavior in the presdrihe oues during habit development
strengthens links between salient cues and thigatisin of the behavior in associative
memory. This increases the strength and accesgibilcue-action associations and makes the
behavior the most likely and readily-enacted aléue on presentation of the cue (Aarts &
Dijksterhuis, 2000; Danner et al., 2008). The haghessibility of cues to action, the speed and
efficiency with which they cue-up the associatetioa¢ makes the habitual response the most
likely ‘winner’ relative to alternatives for whidime cues and associated response are weaker
and less routinized. Habits, therefore, and propds@verride competing intended behaviors
in given contexts (Gardner, de Bruijn, & Lally, 20Triandis, 1977), and are considered to
have a ‘cognitive advantage’ over behavioral alitues (Adriaanse, Gollwitzer, De Ridder,
de Wit, & Kroese, 2011). However, there is alsalewce to suggest that habits facilitate acting
on intentions (de Bruijn, Rhodes, & van Osch, 203atla & Duckworth, 2015). This implies
that habits may enable behavioral instigation fnagions where intentions to engage in the
habituated behavior are weak, which suggests halaiyshave an adaptive function with
respect to goal pursuit. Correlational researcigdesn which measures of habits, intentions,
and behaviors are aligned may be sub-optimal ifoeixy these effects, and research further is
needed to test effects of habits in the presencerapeting, counter-habitual intentions for

physical activity and competing alternatives.
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How long does it take for individuals to develofmabit’ for physical activity?
Research using computerized tasks suggests theidinals can develop strong links between
contextual cues and novel behavioral responsesvediaquickly, and that such links in
associative memory interfered with subsequent &fforalter the response (Wood, 2017).
However, research on the development of habitefane complex behaviors like physical
activity in ‘real world’ contexts suggests thatasbf habit development are highly variable,
and dependent on the presence or absence of naifrikey factors during development. For
example, Lally and colleagues (2010) asked padidgpasked to perform a self-nominated
health behavior (physical activity participatiomdithy eating, drinking water) in the same
context every day and log in a daily diary whetbienot they had performed the behavior, and
the extent to which they experienced it as ‘autachat habitual. Results indicated that habit
development, indicated by degree of self-reportgdraaticity experienced over time,
followed a non-linear, ‘asymptotic’ development\eirData indicated relatively rapid early
gains in reported behavioral as automaticity, whaled off over time. Further, although the
median time taken for participants to reach thakpef their personal habit development
curve was approximately nine weeks, there was aobigé variability both in the time taken to
reach the peak and the absolute level of the pdak.indicates individual differences in the
speed at which people acquire habits, and that sodnaduals’ habit curves never reach
levels indicating the behavior is habitual. Theadalso demonstrated that individuals
performing the behavior with greater consistencyewaore likely to follow the habit
development curve more closely.

A number of potential factors in the formation stagay determine how quickly an
individual comes to experience a behavior as habituch as intention strength, perceived
behavioral complexity, and use of self-regulatdajils For example, Kaushal and Rhodes’
(2015) longitudinal study of first-time gym attemseover a period of 12 weeks revealed that

participants were more likely to report forminglaypical activity habit if they participated in
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at least four physical activity sessions over avgeek period. Similarly, Armitage (2005)
analysed attendance lapses in first-time gym attendver a period of 12 weeks. Participants’
attendance to the gym in the first five weeks efttiial predicted subsequent attendance across
the 12 weeks, while attendance from week six onsverd not. Armitage contends that these
data indicate that attendance in the first five kgds critical for habit formation. However, it is
important to note the data from which this conauass drawn focuses solely on the frequency
of past behavior. The presence of conditions thatifate habit acquisition such as stability of
context, and changes in experiences of automabgitye participants, are inferred rather than
measured directly. These data indicate that phlyaatavity habits can develop over a period of
weeks, and that there is considerable inter-ind&idariability in how quickly habits can be
acquired. However, there are relatively few longrtstudies examining habit development
and further research is needed, especially onrfattat may facilitate or impede the
developmental process.
5. Habit and Self-Regulation

Habits may have an important function in the effecself-regulation of behaviors.
Individuals with strong tendencies toward effectpedf-control over their behavior, such as
those high in conscientiousness, trait self-conamod grit, demonstrate good capacity to
engage in behaviors that lead to adaptive outcoRmsexample, individuals with high
conscientiousness or trait self-control are mdeelyi to form intentions to participate in
physical activity in the future (Chatzisarantis &dtyer, 2008; Conner & Abraham, 2001), and
report participation in health behaviors includpiyysical activity (de Ridder, Lensvelt-
Mulders, Finkenauer, Stok, & Baumeister, 2012; Haigblankonen, et al., 2018). Individuals
high on these traits have better self-regulatoilysskuch as capacity to organize and structure
their behaviors to attain goals, recognize dewmtiivom goal pursuit and correct them, and

inhibit or effectively manage barriers and contimgjes that may derail their goal directed
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behaviors (de Ridder & Gillebaart, 2017; Gottfredg€oHirschi, 1990; Hofmann, Friese, &
Strack, 2009).

Such research seems to indicate that the supegatatory capacity exhibited by
individuals high in these traits is attributableatgeneralized capacity to engage in effortful,
deliberative control over behavior. However, reagesearch suggests that self-controlled,
conscientious individuals develop habits as artesjia means to effectively regulate their
behavior. For example, research has shown thatichdgils with high trait self-control have
strong habits to engage in health-promoting belavieluding physical activity (Galla &
Duckworth, 2015), and weak habits for unhealthydvédrs (Adriaanse, Kroese, Gillebaart, &
De Ridder, 2014). It seems, therefore, that foromatif adaptive habits may be an effective
regulatory strategy that individuals adopt to ab@oals, and minimize potential for cues to
competing behaviors and temptations to derail thetions. Once habituated, the habits are
less dependent on goals for their initiation oroémeent, but their development is adaptive and
people high on traits such as conscientiousnessare likely to form them. Such strategies
suggests that individuals may perform ‘upstreangrafions, such as developing habits for
desired behaviors, in order to prevent or minimiaaecessary or problematic regulation of
behavioral alternatives or impulses ‘downstreamb@d, 2017).

6. Past Behavior, Habit Measurement, and Theoriesf &ocial Cognition

Effects of habit on health behaviors like physmetivity have often been investigated
in the context of social cognitive theories. Mahgdries in this tradition are based on the
underlying assumption that behavior is determingd beasoned, intentional process in which
individuals evaluate the benefits and detrimentisitnfre actions and outcomes. The theory of
planned behavior (Ajzen, 1991) is a prototypicalialocognition theory that has been applied
to predict health-related behavior (McEachan, Conhaylor, & Lawton, 2011; Rich,

Brandes, Mullan, & Hagger, 2015), including phybsmetivity (Hagger, Chatzisarantis, &

Biddle, 2002). According to the theory, sets ofsosal, social, and control-related beliefs are
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proposed as determinants of intentions — indivslu@gnitive representations of future
decisions to act. Intentions are the most proxaméecedent of subsequent behavior and
mediate effects of the beliefs on behavior. Reswaschave used the theory to study effects of
habits on behavior by measuring habit concurretit mieasures of the theory constructs (e.g.,
Bamberg et al., 2003; Trafimow & Borrie, 1999; \Biree et al., 2015).

One approach to testing habitual effects withintteory of planned behavior has been
to include the effects of past behavioral frequeasyn additional predictor of behavior (c.f.,
Ajzen, 2002; Triandis, 1977). This is consistenttmthe notion that repeating the behavior
frequently would increase opportunities for it &cbme routinized and habitual, resulting in a
switch from intentional to habitual control. Stusli@.g., Albarracin, Johnson, Fishbein, &
Muellerleile, 2001; Hagger, Chan, Protogerou, & @lsarantis, 2016; Hagger, Polet, &
Lintunen, 2018; McEachan et al., 2011), includingsie in the physical activity domain
(Hagger et al., 2002), have demonstrated that simtuof past behavior in the theory results in
a direct effect of past behavior on subsequent\behandependent of intentions. In addition,
inclusion of past behavior attenuates effects w@fritions on behavior. These residual effects
independent of intention are proposed to modeltedBibarracin et al., 2001; Hagger,
Chatzisarantis, & Biddle, 2001; Sutton, 1994).

The use of past behavior as a proxy for habit leas leriticized as it is not a construct
per se and may account for other processes nééddia habit (Ajzen, 2002). However,
Ouellette and Wood (1998) argued that effects ef pahavior in social cognitive models may
provide important information on habits. They prepo two pathways by which past behavior
acts on subsequent behavior. The first is the detect on behavior independent of intentions.
By inference, this effect models the automatics@oeous processes to behavioral enactment
proposed in dual process theories (Strack & Dey@@b4), and likely captures the
automaticity component of habit. The second isnldéeect effect of past behavior on behavior

mediated by the social cognitive constructs (atgéty subjective norms, perceived behavioral
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control) and intentions. This pathway is proposethbdel how previous behavior, and
associated decision making, informs the subseqiemision making process, intention
formation, and future action. Such a pathway alewigdes indication of the extent to which
the theory accounts for behavioral stability —st td its sufficiency (Ajzen, 1991). Both direct
and indirect pathways have been supported in ecapiesearch (Hagger, Chan, et al., 2016;
Hagger et al., 2001; Hagger, Polet, et al., 201&lGtte & Wood, 1998).

An important question arising from this researchinat conditions or circumstances
determine which ‘route’ for past behavior, direcirairect, prevails in determining behavior.
Ouellette and Wood conducted moderator analysesl@amdnstrated that the direct effect of
past behavior was larger in groups of studies drawiers that tend to be conducted in stable
contexts (e.g., class attendance, physician appemts) and for which people are likely to
have greater opportunity to perform regularly ieitleveryday lives (e.g., physical activity,
seat belt use). In contrast, the direct effectast ppehavior was smaller and intentions were the
predominant predictor of behavior for behaviordqraned in less stable contexts (e.g.,
condom use with a casual partner, attending a gtratarch) and those unlikely to be
performed with high regularity (e.g., blood donatigaccinations). As both context stability
and opportunity to perform the behavior regulary defining characteristics of habit, this
pattern of effects for past behavior were viewedhasleling habits. This finding has been
corroborated elsewhere. For example, Danner €@08), demonstrated in the domain of
active travel that both stability and frequencyast behavior determined the extent to which
commuters’ intentions predicted cycling to work.aegously, studies have demonstrated that
the stability of intentions, as a proxy measurentédntion strength, moderates effects past
behavior on behavior (Conner, Sheeran, Norman, Qitage, 2000; Sheeran, Orbell, &
Trafimow, 1999). When intentions are more stabfeces of past behavior tend to be weaker
compared to effects when intentions are less sta@laken together, these findings suggest that

past behavior does have some validity as an imaicdthabit effects in social cognitive
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theories, as well as indicating the contextualdiescthat likely determine when behavior is
controlled by automatic or deliberative processes.

However, past behavior is a mere proxy for habit fas to capture many of its
defining features. Researchers have, thereforghé@lternative approaches to represent
habits in social cognitive theories (Rebar, GardRéiodes, & Verplanken, 2018; Verplanken,
Aarts, van Knippenberg, & van Knippenberg, 1994rplanken & Orbell, 2003; Wood &

Neal, 2007). The available measures encompassatiiffeomponents of habits, but
considerable overlap has also been noted (c.f.gétag014). Recognizing the co-occurrence
of frequency of performance and stable contexsslesy characteristic of habit, Wood and
Neal (2009) proposed a measure capturing both éregyuwith which the behavior is
performed, and consistency with which it is perfechin the presence of the same contextual
features or situational cues. A response-frequemegsure of physical activity, for example,
would involve asking individuals to report the fusacy with which they had performed a
particular physical activity in the past (e.g., Woften in the past week did you perform
[physical activity]”), and to report stability ofi¢ contexts in which the activity was performed
(e.g., “always in the same place” vs. “never inghee place”). The habit measure is the
product of participants’ scores on the frequenay stability questions. The measure has
demonstrated good predictive validity. For examfskguency x stability measures of exercise
habits are strongly related to the experience ef@se as ‘automatic’ (Galla & Duckworth,
2015), and subsequent exercise behavior (Wood, &amitt, 2005).

In contrast, Verplanken and colleagues (1994) ppeg@ measure based on the
assumption that as behaviors come more habitwel,libcome the most accessible and,
therefore, the most likely behavioral response imimmum information situations where there
is little opportunity to deliberate over possibleematives. Individuals are presented with a list
of alternatives relating to the behavior of intéreesd asked to indicate as quickly as possible

the option they would select in response to a nurabbypothetical scenarios. The lack of



RUNNING HEAD: Habit and Physical Activity 16

information provided in the scenarios and the tpressure elicits the most readily accessible
option. The extent to which the selected optioms&iscenarios relates to the behavior of
interest indicates the extent to which it is hadditéror example, in the case of ‘active travel’,
an individual may be presented with a list of bebiss some of which are physically active
choices such as “walking” or “riding a bicycle”,cathen presented with a list of hypothetical
situations, and the following instruction: “Listbélow are a few activities you may often
perform. Assuming you spontaneously decide to doajrthese activities, which mode of
transportation would you most likely use? Pleaspaad quickly without thinking too much
about each activity”. Employment of the responsepfiency measures has demonstrated
predictive validity in research on travel mode ceojBamberg et al., 2003; Thggersen &
Mgller, 2008), but has rarely been applied in ptaisactivity contexts.

An alternative approach is offered in Verplanked @mbell’s (2003) self-reported
habit index, a meta-cognitive measure in whichvitlials report the extent to which
behaviors are experienced as routine, automatityaéthout thought. Items reflect several
defining characteristics of habitual behavior imthg experiencing it as automatic (e.g.,
“Working out regularly in the gym is something | dotomatically”), the extent to which it is
performed without conscious thought (e.g., “Workmg regularly in the gym is something |
do without thinking”), how it is performed (e.g\Working out regularly in the gym is
something | do frequently”), and whether it is pafrtheir typical routine (e.g., “Working out
regularly in the gym is something that belongs to(daily, weekly, monthly) routine”). The
measure has been used extensively in researchysicphactivity, and a meta-analysis has
indicated that the measure accounts for uniqguenee in behavior, independent of intentions
and other social cognitive factors (Gardner et2dl11). In addition, studies have demonstrated
that effects of intention on physical activity waaeeself-reported habit strength increases
(Chatzisarantis & Hagger, 2007; Gardner et al. 120&n Bree et al., 2013). This moderating

effect was corroborated by a within-participantsdgtdemonstrating that the effect of self-
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reported habit on physical activity behavior wagést when intentions were weaker (Rebar,
Elavsky, Maher, Doerksen, & Conroy, 2014). Thesdifigs are consistent with previous
research and theory on habit that deliberativerobover behavior, represented by effects of
intentions on behavior, is attenuated when behdgcomes habitual.

A prominent criticism of the self-reported habitléx is that it assesses individuals’
experience of behavior as habitual rather thanshtiehavior. Individuals may not have access
to the experience of the behavior in memory, lingttheir capacity to recall their experiences
and introducing method bias (Hagger, Rebar, Mull#pp, & Chatzisarantis, 2015). The index
may also capture individuals’ perceived ‘fluencypdaself-efficacy for the behavior, conflating
habit effects with reasoned determinants of ad@nod, 2017). This may be why the index
sometimes does not predict behavior independecagriitive constructs reflecting goal pursuit
(Labrecque & Wood, 2015). The measure has also ¢rt@ized for encompassing items
relating to behavioral frequency, which overlaphAbehavioral measures (Sniehotta &
Presseau, 2012). The index had been modified todxthe behavioral frequency items and
isolate items tapping automaticity (Gardner et2012). However, it is unclear whether
exclusive use of automaticity items captures hatth greater precision, and is still likely to
be subject to many of the limitations as the fodex.

A further limitation of the habit index is thatdbes not capture other components of
the habitual experience, such as the dependencyamand context stability. Other than Wood
and Neal’s (2009) measure, which encompasses daitbility, there have been some
attempts to encompass cues and context stabilgglfrreport measures of habit. For example,
Grove, Zillich, and Medic (2014) developed a meaghat not only captures the automaticity
aspect of physical activity habits, similar to Vanken and Orbell’s scale, but also includes
scales to measure patterned action (e.g., “| eseatithe same location each week”) and
strong stimulus-response bonds (e.g., “Certairosmaings just make me want to exercise”),

which capture the context stability and presenceues components of habits, respectively.
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Although initial development of this scale demoatgd its construct validity, and its promise
in predicting physical activity participation (Gt al., 2014), it has yet to be widely applied.
However, in the same vein, researchers have incatgub measures of cue presence and
consistency alongside habit strength as concuprenlictors of physical activity (Pimm et al.,
2016) and dietary behaviors (Verhoeven, AdriaaBsers, & de Ridder, 2012). This scale
should be adopted in future research on physidalitgto establish the relative contribution
of these multiple components of habit on physictiviy behavior and, more importantly,
whether they interact, as suggested by Wood and(R@a7).

Currently available habit measures move beyondhpsavior and seek to capture the
defining characteristics of habit, and explorerthalidity in predicting intentions and behavior
within social cognitive theories. However, curreaive substantive limitations, and more
research is needed to develop valid, comprehenseasures of habit that effectively capture
the essence of habit as a construct.

7. Using Habits to Change Physical Activity Behavio

Given the importance of sustained participatiophgsical activity and long-term
health benefits (GBD 2015 Collaborators, 2016) eflgving effective means to promote
physical activity habits will have utility for org&ations aiming to develop interventions
facilitating maintenance of participation in phyaiactivity. Research demonstrating the
pervasive impact of habit and past behavior on ipaysctivity adherence suggests that
interventions aimed at promoting sustained pawidm in physical activity should seek to tap
into processes linked to habit formation (Hollandsyteau, & Fletcher, 2016; Kaushal,
Rhodes, Spence, & Meldrum, 2017; Marteau, Holla&dSletcher, 2012; Verplanken &
Wood, 2006). Given that habits likely develop thlgbdrequent participation in the behavior
concurrent with cues or contextual features, hatmtnoting interventions should foster
frequent successful practice of the desired behavistable contexts. Assuming novel

behaviors are likely to be under volitional contiraim the outset, interventions should initially
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focus on fostering motivation to engage in the badraand identifying clear standards that
represent success, both prerequisites for a goadtdd action, using strategies such as goal
setting and positive feedback. Repeated succesgbarience in similar contexts is likely to
lead to the development of habits. Interventiormukhtherefore prompt individuals to develop
and articulate a planned routine, or set of rostiaad follow them regularly (Hagger,
Luszczynska, et al., 2016; Kwasnicka et al., 20a&ig, monitor the routine for consistency in
initiating cues such as location and time of dagrith et al., 2016; Quinn, Pascoe, Wood, &
Neal, 2010). Increased repetition of the behavaorcarrent with the relevant contextual cues
is expected to lead to a shift in the behavior @ritom a reasoned process to a more
automatic one as the habit develops.

Researchers have applied these techniques to pronuoeéased participation in
physical activity and shift control over the belmavio being more routinized and automatic.
For example, Fleig et al. (2011) conducted a twasphntervention to promote participation in
physical activity among patients in orthopaedic aadliac rehabilitation programs. Patients
received an intervention comprising multiple stgats including setting physical activity goals
that were concordant with personal values, fornaiciion plans, recalling positive past
experiences, and monitoring their progress towlaed goals. These strategies were aimed at
increasing motivation to participate in physicaiadties but also to promote routinization
through the planning and self-monitoring strategissults indicated that the intervention
resulted in increased physical activity participatmediated by planning and self-monitoring
and, importantly, greater physical activity habit.

Strategies aimed at breaking habits require thar &ctengage in effortful, conscious,
and deliberative actions that run counter to tipécgl response, which is likely to be efficient,
well-learned, automatic, and low in effort. Indivels must, therefore, have sufficient
awareness and motivation to engage in an altematurse of action, and attach sufficient

value to that action, from the outset. They musb dlave a clear intention or goal to participate
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in the alternative behavior in the future. Meanstvease awareness and motivation include
persuasive communications to highlight desirabke@mes and negate difficulties (Johnson,
Wolf, & Maio, 2017), guidance on how to engagehia behavior , provision of experiences of
success with the behavior (Prestwich et al., 20Idliams & French, 2011), and prompts to
remind individuals of their intended goals to eracbunter-habitual behavior like point-of-
choice prompts (Naab & Schnauber, 2016). Howevetivation alone is often not enough to
counteract unwanted habits, particularly when @msprompts to the undesired behavior are
omnipresent in the social environment. Researcltbasistently shown that strong habits are
relatively impervious to persuasive communicatiaimsed at changing attitudes and intentions
(Itzchakov, Uziel, & Wood, 2018). In addition to thation, individuals also need to be able
to recognize the cues and contexts that prompt tinelesired habit, and set in place strategies
to manage or proactively avoid those cues or cesit€ue identification and self-monitoring
have been promulgated as important strategiesststas effective management of situations
that may derail efforts to break ‘bad’ habits (Hag& Luszczynska, 2014; Harkin et al., 2016;
Quinn et al., 2010). For example, office workerswray to reduce sitting time in favour of
more activity should be prompted to identify sitaas in which they would typically sit but
could feasibly stand, and develop a set of assatiattive alternatives, or avoid the situations
altogether. Recruiting significant others in theiabenvironment that share the same goal or
support the behavior change may also be imporfdmgty can assist in prompting the desired
behavior and help recognize and manage cues aradigits that may derail efforts to change.

Changing habitual behaviors that are regularlyfoeaed by highly-prevalent cues is
difficult and likely requires long-term, intensiigerventions to alter the course of ingrained
actions. An alternative approach is the applicatibanvironmental restructuring, often
referred to as ‘nudging’ or ‘choice architecturée{ly & Barker, 2016; Marchiori, Adriaanse,
& De Ridder, 2017; Marteau, 2018). Environmentatmacturing involves setting up the

physical or social environment so as to make tls&relg behavior the most effective course of
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action by removing barriers or impediments, or mgkindesired behavioral alternatives, that
are, perhaps, more rewarding, more difficult oogftil (Kremers, Eves, & Andersen, 2012;
Kurz, Gardner, Verplanken, & Abraham, 2015). Thieserventions may involve changing the
properties of the physical environment such asiajgheir appearance or adapting their
function, changing the placement of objects or o#tienuli in the environment such as their
proximity or availability, or both (Hollands et a2017). For example, participation in
incidental physical activity can be promoted byr@asing the attractiveness of using stairs
rather than elevators by making staircases momaipent and attractive (Naab & Schnauber,
2016). Similarly, arranging the order or prominen€téealthy items on a supermarket shelf or
restaurant menu (Bucher et al., 2016; Dayan & Bi#lelH2011), changing packaging or
portion size of unhealthy food, alcohol, or tobapecoducts (Hollands et al., 2015), or setting
‘standing’ workstations to the standing positiorttees default to reduce sitting time (Venema,
Kroese, & De Ridder, 2017).

Given that individuals with ‘good’ self-control amigh conscientiousness tend to form
adaptive habits to manage temptations and deraibngngencies (Galla & Duckworth, 2015;
Wood, 2017), providing individuals with training timese skills may be useful in assisting
them to develop healthy habits. These skills majuohe identifying and setting appropriate
goals, identifying and monitoring for cues and augencies that may ‘line up’ the desired
behavior and those that may hinder or derail thebier, and monitoring for cues to undesired
competing behaviors, identifying opportunities td ; place situational strategies that cue up
the desired behavior and make undesired behavice difficult, and planning to implement
them. Taken together, these key skills are likeljatilitate repeated cue-behavior responses
and the formation of adaptive habits. By intervgnio foster these skills, organizations may
facilitate individuals to self-enact of some of teehniques used in choice architecture to
change their behavior, akin to motivating indivitdu put in place a series of ‘self-nudges’ to

move them toward adaptive habits and counteractoted habits. Verplanken and Wood
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(2006) suggest that in doing so such individualgermzhanges prior to acting that negate
subsequent the need for regulation of temptatiodsrapulse control.

The approach to developing adaptive habits is ngetit on individuals acquiring and
implementing sufficient self-regulatory skills nesary increase the automaticity of the
behavior in the long run. As outlined in the prexsections, many behaviors including
physical activities start out as goal-directed &hra controlled by reasoned, deliberative
processes, and will only develop as habits underdhuisite conditions i.e. performance with
sufficient regularity in stable contexts. The pttthabit development, therefore, necessitates
the use of techniques that motivate individualggdorm the behavior under those conditions.
These techniques include goal setting, planning,identification and monitoring, and
environmental restructuring.

Goal setting is a key skill essential to individuaktting appropriate goals to attain the
desired outcome (Locke, 1996). As habits are ugdaeloped through repetition in the
presence of stable sets of cues to service sonmeatsgbal, setting appropriate, achievable
goals that are personally endorsed and can be onedifor progress is essential (Epton,
Currie, & Armitage, 2017). However, having goalsl &orming intentions may not be
sufficient to enact behavior: research has dematestithat individuals often do not follow
through on their intentions (Orbell & Sheeran, 19%8&search in physical activity has
revealed that this ‘gap’ in intention-behavior telas is substantial (Rhodes & de Bruijn,
2013). Planning is an important skill that faciiés enactment of intentions. Implementation
intentions are specific types of planning in whiilctlividuals associate a context or
contingency that they encounter regularly withdlesired behavior (Gollwitzer, 2014; Hagger,
Luszczynska, et al., 2016). Research on physi¢aditychave demonstrated that
implementation intentions are effective in promgtgreater physical activity participation,
particularly in those with high intentions (Bélang&ravel, Godin, & Amireault, 2013). As

such plans are aimed at unifying contexts withoatiit is unsurprising that prompting
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individuals to form such plans facilitates formatiof habits in the long run (Judah, Gardner, &
Aunger, 2013).

Alongside planning, identifying and recognizing dpgpropriate situational cues that
may be useful in lining up a desired behavior, emels to undesired, impulse-driven behaviors
likely to derail the desired behavior, are impottanfacilitate appropriate planning (Adriaanse,
de Ridder, & de Wit, 2009; Verhoeven, AdriaanseVdg Fennis, & de Ridder, 2014). Plans
are more likely to be effective if individuals catentify appropriate environmental
contingencies that they can associate with theettsehavior, and form plans to do so.
Further, appropriate monitoring for those continges will facilitate plan enactment (Harkin
et al., 2016; Verhoeven et al., 2014). Similartieritifying the contingencies associated with
undesired behaviors and planning an alternativeseoof action may assist in managing cues
to competing actions that may derail actions. lnatdividuals can use environmental
restructuring as a self-regulatory skill to chatiggir own behavior. This strategy involves
individuals using ‘choice architecture’ methodstter their environment to facilitate
enactment of a desired behavior, or to subveréttaetment of undesired behaviors, | call this
‘self-nudging’, a hitherto untapped strategy fohé@or change. Taken together, this set of
strategies with its focus on behavioral performaaioe environmental contingencies will likely
facilitate the initiation of desired behavior, antpede the enactment of undesired behaviors,
and, over time, facilitate the development of an@phabits.

How might these sets of be applied to promote gaysictivity habits? Intervention
designers should provide individuals with knowledgel practice on setting appropriate goals
for physical activity — goals that are appropriatel realistic, valued, able to be monitored, and
sufficiently flexible to be modified according toqgress (Epton et al., 2017). In addition,
individuals should be prompted to identify apprapgicontexts and conditions that may cue up
their regular physical activity, such as using kmrma or a visual reminder such as leaving their

exercise clothing or equipment in a notable platarkin et al., 2016; Kaushal, Rhodes,
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Spence, et al., 2017; Webb & Sheeran, 2004). Theyld also prompt individuals to identify
cues and contextual contingencies that are lin@ettions that may derail their selected
physical activity, such as invitations from otheople to join them in doing something
sedentary such as going for lunch or sitting downath \@atching television (Conroy, Maher,
Elavsky, Hyde, & Doerksen, 2008). Individuals shibtiien be prompted to form
implementation intentions and action plans to ppitheir selected physical activity with the
identified cues or contingencies (Hagger, Luszckgnet al., 2016). This may involve
exercises where the individual formally statesplam, for example using an if-then format,
which requires individuals to explicitly identifyoth cue and associated action, and writes it
down or verbally rehearses it (Chapman, Armitag&d&man, 2009).

Individuals should also be prompted to structuegrtbnvironment to facilitate regular
participation in physical activity in stable contgxand to avoid potential derailing
contingencies. Individuals are encouraged to hartiesprinciples used in choice architecture
or ‘nudging’ interventions facilitate this routimitton of behavior. For example, an individual
may lock their car in their garage or give theiykéo a supportive family member or friend so
that they cannot be tempted to use it and musacibee transport instead. Or they may only
take sufficient money for a one-way trip on pulbieEnsport so that walking home is the only
option. These ‘self-nudges’ are self-administerteatsgies that leverage the principles of
choice architecture to change behavior. Innovatigeances of traditional forms of
environmental restructuring abound, such as Verstrai’s (2017) ‘default nudge’. In similar
vein, individuals may seek to make the cues orrenmental contingencies that initiate
preparation for physical activity behavior habitu&hushal et al. (2015) demonstrated that
gym members who reported having cues in their enmrent that reminded them to prepare to
participate in physical activity (e.g., having thgym bag visible in their car trunk, or a water

bottle on their work desk) were more likely to reguaving a preparatory habit. The focus,
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therefore, is on making the preparatory actionsfdmlitate physical activity habitual rather
the activity itself.

Kaushal et al.’s (2017) recent intervention is efulscase study for the use of these
strategies to promote a physical activity habidividuals were provided with a prompt to set
up cues to prepare for the behavior to ‘switchtbe’behavior (e.g., “During the morning,
select your favourite gym clothes from your closed place them on your bed before you
leave for work. When you return home, the clotlesain on the bed and will continue to cue
you until you use them for your workout.”). Findsigndicated an increase in physical activity
eight weeks post-intervention, although it musstressed that the intervention included
additional components such as action planning s@ttects could not be attributed solely to
the cues to preparatory behaviors for physicavagtiFurthermore, the intervention prompted
the use of the cues for preparatory behaviors. ddusd be augmented to that individuals are
trained to use self-directed strategies to restredheir own environment to facilitate
development of physical activity habits.

8. Avenues for Future Research

This far, | have highlighted advances in theory esgarch on habits in physical
activity. The research has also generated newtairecof enquiry to promote further
knowledge and understanding of habits in this odnta this section | outline some priority
avenues for future research that will advance thaod measurement of habit, and contribute
to informing future intervention strategies thagiasin promoting physical activity habits.
These directions include: development of integratedels and theories of habit that draw
from perspectives from different disciplines andydde comprehensive explanations of habit;
development of better measures of habit and methndstudy design to more effectively
study habits, particularly habit development oweiet conducting research examining the role
of habit in maintaining physical activity particij@ over time; and conducting research

examining the intervention strategies that arenogilly effective in developing physical
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activity habits and the conditions in the enviromtrend individual that may impede or
facilitate habit development.

Considerable advances have been made in the usakdirsy of physical activity habits.
Theories of habit have drawn from a number of dosaicluding social and health
psychology, cognition and learning, and neuros@dishby, Turner, & Horvitz, 2010;
Gardner, 2015; Verplanken, 2006; Wood, 2017; YiKi@owlton, 2006). The theories have
provided insight on salient aspects of habit inzigdiefinition and conceptualization,
development and extinction, relations with othamstoucts like inhibition and self-regulation,
and strategies that promote acquisition and brgatdrabits. However, there is currently no
integrated theory of habit that draws from multigisciplines and provides a comprehensive
explanation of habit processes and effects. Thyshaory on habit has focused on
incorporating habit into existing theories and feamorks, such as social cognitive models, or
interpreting habit processes from existing overaglexplanatory frameworks (e.g., Gardner,
2015; Neal et al., 2006; Wood & Neal, 2007). Thieameworks have been useful in
explaining specific components and effects of haith as how habits are acquired or
developed, or how habits affect behavior relatovether processes such as reasoned,
deliberative processes. They also function to gl®wets of testable hypotheses that guide
empirical research to give insight into the spediiabit processes. However, unlike other
phenomena in psychology such as motivation (Dw26ky; Ryan & Deci, 2017), memory
(Baddeley, 2003), agency (Bandura, 1989), and phaslessing (Evans & Stanovich, 2013;
Strack & Deutsch, 2004), there is no comprehensindied theory of habit. For example,
theory on habit has yet to integrate approaches focial and health psychology, with other
perspectives on habit like those from associageering and cognitive priming (Watson & de
Wit, 2018). Thus, there is a need to develop a cehensive theory of habit that draws
together the hitherto relatively disparate thegeggtiiterature on habits, summarizes and

extends current knowledge, provides sets of hypethéhat could be tested to verify
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predictions such integrated perspectives, andasetgienda for future research on habits in
applied contexts, including physical activity.

Advances have also been made in the area of halbsunement. Research on habits
has moved beyond focus on past behavior as a fpooXyabit toward new measures that aim to
capture the defining characteristics of habits.sBhaclude measures that capture the link
between performance frequency and context stalfiMtgod & Neal, 2009), the role of
accessibility such as the response frequency megé8arts, Verplanken, & van Knippenberg,
1998), and felt routinization and automatic conswth the self-reports of habit (Grove et al.,
2014; Verplanken & Orbell, 2003). However, manyhadse measures have limitations in that
they do not capture all components of habit. Funtioee, some such as the self-reported habit
index may be subject to methodological artifacis maporting bias (Hagger et al., 2015;
Labrecque & Wood, 2015). There is also little reskea@xamining the convergent validity of
existing measures of habit such as behavioral &egux context stability, response frequency,
and self-reports of habit, particularly in the atitof physical activity. Future research should
seek to measure relations among these measunesyfgical activity and examine their
concurrent prediction of future participation inygftal activity. Research is needed to further
refine these measures or develop new measuresapiatre the defining components of habits
more effectively. These measures may capitalizdemision-making tasks that measure
implicit links between cues and behavioral respsmseadvances in GPS technology that
enables tracking of the co-occurrence of individughysical activity behaviors and the
contexts in which they perform them over time.

In addition, a large proportion of the researchahits has generally adopted
correlational designs with measures taken on fevasions, short-term follow up measures of
behavior, and an over-reliance on self-report mess@Given the importance of context
consistency and frequency in the conceptualizaimhdevelopment of habits, there is a need

for better research designs that adequately cafitase key components. Research adopting
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daily diaries have already yielded important datdabit development and effects (e.g., Neal
et al., 2006; Wood, Quinn, & Kashy, 2002). Futwseaarch adopting more sophisticated
experience sampling and ecological momentary asssganethods (e.g., Conroy et al., 2008)
may extend this research further by providing largmbers of data points over a long period
allowing researchers to track physical activityitend cue-response pairings over time.
Developments in handheld technology many providguenopportunities for frequent
sampling of physical activity participants’ experes. For example, ubiquitous use of
smartphones enables researchers to prompt indigituaomplete experiential measures on a
regular basis, and in-device technology such as &m8les frequent sampling of real-time
objective data on physical activity participatidvat incorporates context. In addition, the
devices may serve as a unique means to intervgmenoote adaptive habits, or break
unwanted habits. For example, recent researchdebamartphone GPS to identify when
individuals approach a location where they migpidglly perform an unwanted behavior
(e.g., smoking a cigarette) and send them texbaabmedia messages to prompt them to
execute pre-planned actions to manage or evadgtmning cue to performing the unwanted
behavior (Naughton, 2017). These technologies atv& be fully leveraged to provide
valuable data on habits, and may enable futurerelsers to collect extensive, fine-grained
data on habits permit better tests of hypothesésloit theories.

A further limitation of research on habits in ploaiactivity and other contexts, is the
lack of evidence on role of habit in maintainindnaeor. Calls for leveraging habit theory and
research as a means to promote ‘healthy habit® haen largely based on the tacit
assumption that habits will lead to sustained piiion in behavior over time. This is
particularly relevant to physical activity wherealte benefits have been shown to be
maximized with sustained participation. Howeveigdewce that habits maintain behavior over
time is relatively limited. Research examining #hert-term effects of habits on behavior

support to commonly held assumption that habit® hanity in maintaining behaviors
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(Gardner et al., 2011). However, research on loteyen effects of habits has not tended to
corroborate these assumptions. For example, algegrtongitudinal study of commuters
provided with a travel pass offering free publansport indicated that habit was a relatively
modest predictor of transport use one-year latih wtentions have a far more pervasive
effect (Bamberg et al., 2003). Similarly, an exptory intervention on flossing behavior found
that although habit strength increased initiallgbin effects declined over the 8-month post-
intervention period (Judah et al., 2013). More aesle is needed examining effects of habit on
behavioral maintenance, and associated moderaatgr, particularly in physical activity
contexts. For example, ability to recognize and agancontingencies that likely disrupt habits
may determine whether or not habits are effectieahavioral persistence in the long run.
Finally, development of efficient and effectiveantentions to promote physical
activity habits is an important avenue for futuesearch. Theory and preliminary research has
suggested that training individuals to adopt sétel-regulatory skills may assist in the
development of habits (Kaushal & Rhodes, 2015; KaljsRhodes, Spence, et al., 2017,
Kliemann et al., 2017). Adoption of motivationalagegies such as goal setting combined with
planning, cue identification and monitoring, andiiesnmental restructuring may lead
individuals to initiate physical activity behaviaaad, importantly, perform them regularly in a
routine fashion and in consistent contexts, coon#ithat lead to the development of habits.
An additional promising strategy may be develogiagits for preparatory actions for physical
activity behavior (Kaushal, Rhodes, Meldrum, & Sger2017). Such strategies focus on cues
to develop preparatory habitual behaviors withoqtiieit focus on developing physical
activity as a habit. It would be interesting to sdeether use of such strategies facilitate the
development of physical activity habits in the lang. However, there are relatively few
studies that have tested the efficacy of intenesmrstiadopting these habit-promoting techniques
in developing physical activity habits (Fleig et &011), and none that track long-term

behavioral adherence change to evaluate whethetahe habit has been maintained. What is
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needed is randomized controlled trials using céer accessible protocols that adopt habit-
forming strategies and examine their effects orspay activity change longitudinally over an
extended time period.
9. Summary and Conclusion

Understanding habits in the domain of physicahdtgtis important considering
evidence associating long-term maintenance of phyactivity participation with better health
and protection from chronic disease (GBD 2015 @altators, 2016). In the current review, |
have outlined contemporary theoretical perspectivelabit (Aarts & Dijksterhuis, 2000;
Gardner, 2015; Verplanken & Orbell, 2003; Wood, 20&ood & Runger, 2016), and how
these perspectives, and the research literaturegekeir predictions, have provided insight
into the definition and conceptualization, devel@t and behavioral consequences of habit
in physical activity. Contemporary theory on hatgfines habit as a specific behavioral
response activated automatically to a defined fseti@s or contextual features with little
conscious awareness or consideration of goalstoomes (Neal et al., 2006; Verplanken,
2006; Wood, 2017). Physical activities comprise plax sets of inter-related sub-behaviors to
enact, and theories of habit make the distinctietvben the habitual instigation and habitual
execution of behaviors, suggesting that complexabielns like physical activity can be
instigated habitually but their execution can betoalled my more deliberative, reasoned
processes (Gardner et al., 2016). MeasurementoitHaas mirrored development of theory
and conceptualization of habit and moved beyondifigeof past behavior alone to encompass
measures reflecting both frequency and contextlgyaWwood & Neal, 2009), speed of recall
and accessibility (Aarts et al., 1998), experienfcautomaticity and lack of deliberation
(Verplanken & Orbell, 2003), and experience of eahtonsistency and cues (Grove et al.,
2014). Research on habits are developed througiateg experience of the behavior in the
presence of salient cues or contextual featur€asdfer, 2015; Wood, 2017; Wood &

Runger, 2016). The developmental process is refleict shifts from conscious, intentional
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control over behavior toward more automatic, nonscious control (Ashby et al., 2010; Seger
& Spiering, 2011). Habits are viewed as a spetifim of ‘system 1’ processing from the
perspective of dual process theories (Wood, 201g0d\et al., 2014), but are separable from
other goal-direct automatic processes such ascdimpttitudes and actions based on behavioral
scripts, which may imply multiple behavioral respes (Fishbach & Shah, 2006). Research
has suggested considerable individual differencelse rate and extent of habit development,
although rapid early gains in experience of autaitgthave been reported (Armitage, 2005;
Kaushal & Rhodes, 2015; Lally et al., 2010).

Knowledge of how physical activity habits develapyades valuable guidance for
organizations and interventionists interested wettgping behavior change interventions that
are effective in fostering long-term participationphysical activity. Promotion of physical
activity habits requires individuals to frequernplyactice the target activity in stable contexts,
or in response to consistent cues (Gardner, 20dad\2017; Wood & Runger, 2016).
Fostering self-regulatory skills that motivate widuals to perform the behavior regularly in
stable contexts, assist in linking contextual cuik the behavior, recognizing contingencies
or competing behaviors that might derail the phaisactivity, and manage the environment to
facilitate the behavior and negate competing beatawvill assist in habit development.
Behavioral skills such as goal setting (Epton gt24l17), action planning or implementation
intentions (Gollwitzer, 2014), self-monitoring (Har et al., 2016), and environmental
restructuring (Venema et al., 2017) are all stiatethat may assist individuals in acquiring a
physical activity habit. While research on hab#s ked to significant gains in knowledge of
habits in physical activity, future research isaezbto address important outstanding
questions. This includes developing comprehensigertes of habit that integrate multiple
perspectives, producing measures and researcmdedhif are optimal in capturing physical

activity habits such as behavioral measures andreeqre sampling, and evaluating the
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effectiveness of interventions that foster behaliskills aimed at promoting routinization of
behaviors in stable contexts toward habit formation
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Highlights

Definitions, conceptualizations and theory of habit in physical activity are reviewed

Habits are specific behavioral responses that covary with cues or contextual features

Physical activity habits are experienced as low effort, automatic, and lacking in
awareness

Habits are devel oped through repeated experience of physical activity in stable contexts

Interventions should promote self-regulatory skills that foster physical activity habits



