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Figure 1. Relations among proposed model constructs including standardized parameter estimates. Estimates on the upper, center, and
lower lines are estimates for the binge drinking, flossing, and sun safety behaviors, respectively. Effects of age, gender, and education

on each model construct have been omitted for clarity.
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Table1

Model Fit and Quality Indices for Sructural Equation Models for Binge Drinking, Flossing, and
un Safety

Index Binge Flossing Sun safety
drinking

GoF 575 678 592

AR? 382 518" 382

APC 164" 187" 201"

AVIF 1.272 1.601 1.342

Note. p<.05 p<.01~ p<.001



Introduction

To develop effective interventions in order to nfgpgieople’s behavior one needs to
first isolate the mechanisms that guide the belmand then test the extent to which the
mechanisms magnify or diminish behavioral engageéntevious research has often turned
to theories of social cognition to guide investigas aimed at identifying the determinants
for health behaviors and, importantly, the procedsewhich these determinants relate to
each other and the behavior. A close examinatidghefnajor theories that have been applied
to the understanding of health behavior assumébéavior is determined by a reasoned,
intentional process in which an individual investfort in order to pursue an action. The
theory of planned behavior (TPB: Ajzen, 1991), giwetention is central to the model, is
perhaps the most widely used social—-cognitive thebbehavior. According to the model,
intention is the most proximal predictor of behayigith intention determined by three
social—cognitive variables: attitude (overall exalans of performing the behavior),
subjective norm (social pressure from importanewgto perform the behavior), and
perceived behavioral control (perceived amountooitiol over behavioral performance; also
more recently theorized as moderating the interb@mavior relationship; Ajzen, 1991).
Meta-analytic studies support the use of the TPBrauicting health-related behaviors (e.g.,
McEachan et al., 2011; Rich et al., 2015)

Social cognition theories such as the TPB tend¢ad on a relatively narrow set of
determinants that include constructs that reprasastoned, intentional determinants of
action. Such approaches tend not to explicitly antéor the pervasive effects of past
behavior on key constructs of psychological theoaed their relations with health behaviors
(e.g., Albarracin et al., 2001; Conner et al., 1998gger et al., 2018). However, research has
demonstrated that including past behavior in tlleseries accounts for substantive

additional variance in subsequently measured @tioehavior through thesidualeffect of



past behavior on future behavior. Inclusion of fmtavior has also been shown to attenuate
the size of the effects of intention and other @ecognition constructs on future behavior.
Some argue that these residual effects are likelyrafact of assessing past behavior and
future behavior using the same measure, leadisgaced method variance (Ajzen, 1991,
2002). However, research using different measurpast and future behavior has revealed
residual effects (Brown et al., 2018; Verplanked&). Others, therefore, argue that the
residual effects afforded by past behavior may rmode-conscious processes including
habits and decisions based on implicit cognitiobeinavioral ‘scripts’ (Hagger, 2020;

Hagger & Chatzisarantis, 2014; Strack & Deutscl®4&2driandis, 1977).

In seeking to understand the effects of past benavisocial-cognitive theories,
Ouellette and Wood (1998) proposed two pathwaysltigh past behavior relates to future
behavior: a direct pathway and an indirect pathwéne direct effect is said to model an
automatic process, similar to that proposed in-puatess theories (Strack & Deutsch,
2004). The second, indirect pathway, in which jastavior affects future behavior via
conscious, intentional processes, such as thosaatBazed in social-cognition theories
(Ajzen, 1991). Ouellette and Wood (1998) hypothesithat well-practiced behaviors,
occurring in consistent contexts likely reflect haal patterns that are expected to be
automatically repeated in the future. These autmnhb&haviors can be intentional and goal-
dependent or be perceived as non-volitional andtestntentional (i.e., outside of an
individual’'s awareness/control or in oppositioratoindividual’s intention; Gardner et al.,
2015; Ji & Wood, 2007). Conversely, the authorsdes how novel or less practiced
behaviors are likely governed by conscious, interal processes. While past behavior has
been shown to attenuate the effects of social tiwgnrariables (Brown et al., 2018), studies
suggest that their constructs still account foqueivariance in behavior and mediate, at least

partially, the effects of past behavior on futuedévior (Hagger et al., 2018).



Although previous research has demonstrated sufgpdtie direct and indirect
effects of past behavior on future behavior in @bcognition theories models (Ouellette &
Wood, 1998), few studies have tested the effectdhadr constructs that reflect non-
conscious decision making, such as habits, on hethangside past behavior (Bamberg et
al., 2003; van Bree et al., 2015; Verplanken, 2006hdirect effects of past behavior on
future behavior model automatic, spontaneous pseset® behavioral enactment as proposed
in dual process theories (Strack & Deutsch, 200d)) thus, capture the automaticity
component of habit they would be expected to medteat effect of past behavior on
subsequent behavior. We aimed to examine thesegitmms in the present study by testing
the TPB in a range of health behaviors and includedsures of past behavior and

behavioral automaticity across two time-points.

An additional issue with research examining the aflpast behavior in social
cognition theories is the large variation in adniyrtime frames used to measure past
behavior. For example studies have measured phatioe over one week (Mullan et al.,
2015), four weeks (Caudwell et al., 2019), andnsonths (Luszczynska & Cieslak, 2009).
Measuring past behavior over arbitrary timeframey miss patterns of behavioral
engagement that could potentially be informativel@mechanisms and processes that
determine subsequent health behavior. For examptggement in sun safety behaviors is
likely to be highly seasonal in that they are perfed frequently in the summer months and
seldom in winter months (Sun et al., 2014; Xianglgt2015). A measure of past behavior
that refers to sun safety behaviors in close prayito subsequent behavior is likely to lead
to stronger past behavior effects than if the tirame of the past behavior measure extended
beyond the current season. Furthermore, Ouellattéood (1998) suggested that a
different pattern of past behavior effects will océor infrequently compared to regularly

performed behaviors. It would seem reasonabledowt for both long-term (i.e., distal) and



short-term (i.e., recent) enactments of past benasa well as the frequency with which the
behavior is measured. Perugini and Bagozzi (208dpgsed differentiating between long-
term (up to 1 year) and more recent (within thé magnth) measures of past behavior.
Similarly, others have used items relating the mixte which the behavior is routinized to
further capture the regularity of daily behavigsalformance (Verplanken & Orbell, 2003).
Extending this research, the present study testedt of past behavior using multiple
methods that account for the frequency, recenayrantinization of behaviors. Specifically,
the measure included items assessing long-terinygas), short-term (last month), and
routine patterns of behavior, proposing that thveseld indicate a multi-component measure
of past behavior that would capture the essenasdofiduals past performance of health

behaviors.

The Current Study and Hypotheses

Based on Ouellette and Wood'’s (1998) propositisrgspropose a set of key
hypotheses relating to the effects of reasonedniinal pathways and non-conscious,
automatic pathways to action for three health bigliayn three independent samples: binge
drinking in university students, dental flossingcmmmunity-dwelling adults, and parental
sun safety behaviors of their 2 to 5 year-old gkild The proposed model is presented in
Figure 1. In the present model, the reasoned, tiotead processes are represented by the
effects of the social-cognition constructs from THB. Specifically, attitude, subjective
norm, and perceived behavioral control are expetcteiynificantly and directly predict
intentions and intentions and perceived behavimoatrol are expected to significantly and
directly predict the target behaviors. We also expiee effects of the TPB constructs on

behavior would be mediated by intentions (Ajzer§1)9



Based on Ouellette and Wood’s (1998) proposed @atbywe expected an indirect
effect of past behavior on behavior mediated bysth@al cognition constructs of the TPB
(attitudes, subjective norms, perceived behaviawatrol) and intentions. This pathway is
expected to reflect that individuals’ beliefs witspect to future participation in health
behaviors is informed by previous decision makind belief formation (Ajzen, 2002).
Furthermore, we included a self-report measuresbfilsioral automaticity at both the initial
time point and at follow-up alongside the measureetavior. Self-reported behavioral
automaticity is a meta-cognitive measure, whichmpts individuals to reflect on the extent
to which the behavior of interest is performed Witthe cognitive input and in a routine
manner. Consistent with the proposal that past\Wbeheepresent non-conscious, automatic
processes, we expected measures of automatiamgdiate the effects of past behavior on
subsequent behavior. We therefore also expecteea@ffects of past behavior on
subsequent behavior via behavioral automaticityalfy, the extent to which past behavior is
represented by long-term frequency, recency, antin®as proposed by Perugini and
Bagozzi (2001), we expect the three measures sigbédicantly correlated and converge on
a higher order factor that captures the essentteeahultiple components of past engagement

in behavior.

Method

Participants

Participants comprised three samples of Austrakaidents (totaN = 766). Sample 1
(n=321) comprised first-year undergraduate studieots [MASKED] University, recruited
through the university research participant poakirn for course credit and reported
having previously participated in binge drinkinghazardous pattern of alcohol consumption
(NHMRC, 2009). Sample 2 (= 253) comprised adult members of the Australiaiplip,

recruited online through social media and univgisibadcast emails, and focused on dental



flossing. Sample 3(= 192) comprised parents with at least one clgkeblabetween 2 and 5
years who usually resided in the same househdlgegsarent, recruited via online
advertising (e.g., social media websites such asébook”) and face-to-face (e.g., swim
schools), and investigated sun safety behaviotgtrants performed for their child. All
participants were offered the opportunity to emat@rize draw to win one of three movie
vouchers per sample. Sample demographic chardideffisr the full sample and separately
for each sample are available in Appendix A (sumgletal materials).
Design and Procedure

Approval for study procedures was granted priatdta collection from [MASKED]
University Human Research Ethics Committee. Thdystised a two-wave prospective,
correlational design with study measures admiresitén each sample at an initial point in
time (T1), with follow-up measures administere@ aecond point in time, 6-weeks later
(T2). At T1, participants completed a survey assgssocial cognitive constructs (attitude,
subjective norm, perceived behavioral control, emention), behavioral automaticity, past
behavior, and demographic factors. At T2, partistpaompleted a follow-up survey to
assess their behavioral automaticity and behawiothie target behaviors performed over the
previous six weeks. Survey data was collected erdimd presented using the Qualffitsan
online survey tool. Participant data across the points were de-identified and matched
using a unique code identifier created by the pipdnt.
M easur es

The social cognition constructs and behavior weeasured using multi-item
psychometric instruments, that were previously tgperd and validated using standardized
guidelines (Ajzen, 1991; Gardner et al., 2012; Beiu& Bagozzi, 2001; Verplanken &
Orbell, 2003). Measures were adapted to referaddtget behaviors in the current study.

Participants provided their responses on scalds ivgoint response options. Brief details of



the measures are provided below, and a full sgewfs is available in Appendix B
(supplemental materials). Items from each instrumeme used as indicators of latent
variables representing each model construct inugtstral equation model. Past behavior was
included in the model as a second-order latenabéiindicated by first-order latent factors
represented by items from frequency, recency, antine scales.

Target behaviors. The target behaviors were binge drinking (“engggn binge
drinking”), dental flossing (“flossing my teeth andaily basis”), and sun safety behaviors
(“performing sun-protective behaviors for my childBinge drinkingwas defined as
consuming more than four standard drinks on asiagtasion (NHMRC, 2009). A pictorial
guide providing examples of a standard drink fanown alcoholic beverages was provided
to participantsDental flossingvas defined as flossing one’s teeth on a dailysbas
(Australian Dental Association, 2017). Parents vaesieed to think of the sun-protective
behaviors they engaged in for their youngest cgeld 2 to 5 years every time their child
was outdoors in direct sunlight for more than 10utes. Parents were told thahssafety
comprised the following behaviors: (a) applying S#F sunscreen; (b) wearing sun-
protective clothing such as a hat, long-sleeved,sdmd sunglasses; and (c) seeking shade
between 10 am and 3 pm (Cancer Council Australia/p

Social cognition constructs. Measures of social cognition constructs fromTRr&
were assessed at T1 and developed according tsipedbiguidelines (Ajzen, 2002htention
was measured by three items each for binge drinkiegtal flossing, and sun safety (e.g., “I
intend to floss my teeth on a daily basis ..Ajtitudewas measured by three items each for
binge drinking and dental flossing, and five iteflmssun safety (e.g., “For me to binge drink
in the next 6 weeks would be ...'Subjective normvas measured by four items each for
binge drinking, and dental flossing, and five iteimssun safety (e.g., “Most people who are

important to me think | should perform sun-proteetbehaviors for my child ..."Perceived



behavioral controwas measured by four items each for binge drinkilegital flossing, and
sun safety (e.g., “I have complete control over thel floss my teeth on a daily basis ...”).

Behavioral automaticity. Behavioral automaticity at T1 and T2 was measusaag
the four-item self-reported behavioral automatiamyex (Gardner, 2012) (e.g., “Binge
drinking is something | do automatically”).

Behavior. Past behavioat T1 was measured using items assessing frequency
recency, and routiné&requencywas measured using four items that focused orviimhihat
was performed over the last year (e.g., “How oftehyou floss your teeth on a daily basis in
the past year? ...”; Perugini & Bagozzi; 200Rgcencyvas measured using four items that
focused on behavior that was performed over thedlageeks (e.g., “To what extent did you
binge drink in the past four weeks?”; Perugini &Bazi, 2001)Routinewas measured
using one item adopted from the Self Report Halalek (e.g., “Do you agree that
performing sun-protective behaviors for your chddomething that belongs to my normal
routine?”; Verplanken & Orbell, 20038ehaviorat T2 was measured using 2 items (e.g.,
“Think about the past 6 weeks. In general, howroftiel you floss your teeth on a daily
basis?”).

Data Analysis

Variance-based structural equation modelling (VBYSkvas used to test our
hypothesized model. VB-SEM uses a partial leasasagpuestimation method that is based on
ranked rather than ordinal data. The analysissis ddfected by model complexity or
departures from normality than covariance-basedhoust (Henseler et al., 2009). Models
were estimated using the Warp PLS v6.0 softwarekk®018). Missing data were treated
using hierarchical regression imputation. All prepd paths among constructs detailed in

Figure 1 were specified as free parameters in theein In addition, we statistically



controlled for the effects of age, highest educeti@chievement, and gender by setting these
variables as predictors of all other variableshmmodel.

The validity of the proposed measures was asségst measurement aspects of
the model. The loading of each indicator on itpeesive latent factor was expected to
exceed .700. Composite reliability coefficierpy 4nd average variance extracted (AVE)
statistics, which test the sufficiency of scaleniseas indicators for the latent variables and
whether the items account for sufficient variantéhie factor, respectively, were expected to
exceed .700 and .500. Discriminant validity waspsuited if the square-root of the AVE for
each latent variable exceeded its correlation aoefit with other latent variables. Overall
model fit was evaluated using multiple criteriae tjpodness-of-fit (GoF) index with values
of .100, .250, and .360 corresponding to small,ioredand large effect sizes, respectively;
the average path coefficient (APC) and the aveREg@&RS), which should both be
significantly different from zero for an adequatéilying model; and the average variance
inflation factor for model parameters (AVIF) stéits which should be less than 5.000 for a
well-fitting model (Kock, 2018).

Multi-group analysis was used to make pairwise camspns of path coefficients for
the hypothesized model across the three sampldg-droup analysis calculates a ratio
using the difference in the path coefficients fdryaothesized model path across two
samples and the pooled standard errors for thefegaepath, as outlined in Kock (2018). The
ratio produces a test of difference for hypothebpaths across each sample.

Finally, a sensitivity analysis was used to teséthiar model effects differed
according to the method used to treat missing c&excifically, we estimated the model
effects in each sample with missing data handidakeby listwise deletion of cases with
missing data or imputed using a linear multipleresgion method advocated by Kock (2018).

Results
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Participants and attrition analysis

Demographic characteristics of the three sampldgancriptive statistics of the
study variables at both time points are presemtetppendix A (supplemental materials).
One hundred and forty-two participants droppedatbdicllow-up in sample 1, 67 dropped out
in sample 2, and 92 dropped out in sample 3. Adtrianalysis for sample 1 indicated no
significant differences in agg815) = 1.12p = .263,d = 0.13), educational achievement
(t(293) =-.567p = .571,d = 0.07), or gendet(@94) = 1.089p = .277,d = 0.14) between
participants who dropped out and those who remaiméte study at T2. Also, no differences
were observed on the psychological and behaviambles (Wilks’ Lambda = .985,
F(6,274) = . 712p = .640,np2: .015). Attrition analysis for sample 2 indicatedl significant
differences in age((L80) = .746p = .457,d = 0.10) or educational achievemet(168) =
1.102,p = .272,d = 0.14) between participants who dropped out Bodd who remaining in
the study. There was, however, a significantly brgbroportion of females among
participants who dropped out than those who rendaiméhe study at T2(210) = -2.679p
=.008,d = 0.33). No differences were found in psycholobared behavioral variables
(Wilks’ Lambda = .957F(6,206) = 1.554p = .162,np2: .043). Attrition analysis for sample
3 indicated no significant differences in ag@¢88) = -.030p = .979,d = 0.00) or educational
achievementt(175) = -.650p = .517,d = 0.09). There was a greater proportion of males
among participants who dropped out than those whwamed in the study at TH166) = -
2.665,p =.008,d = 0.38). Last, no differences were found in thgcphslogical and

behavioral variables (Wilks’ Lambda = .9886,154) = .314p = .929,n," = .012).
Preliminary analysis

Measurement components of the VB-SEM confirmed tt@atatent variables met or
approached the criteria for construct and discranirvalidity and had good model fit, see

Table 1. Factor loadings for the latent factorsrapphed or exceeded the .700 criterion,
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supporting construct validity of the factors. Imgamtly, the second-order factor loadings for
the frequency, recency, and routine indicatordefgast behavior latent variable were large
(>.884) and statistically significanp € .001) for all behaviors. Composii® teliability
coefficients, AVE, and intercorrelations for modatiables are presented in Appendix C
(supplemental materials). Reliability coefficieetsceeded the .700 criterion, and AVE
values exceeded the recommended .500 criteriomel@bons among the latent variables
also indicated no problems with discriminant vajidMissing values analysis using Little’s
(1988) missing completely at random (MCAR) testeiaed a significant value for the
flossing behavior samplg%(= 437.599, df = 357 = .002), but not for the binge drinking
behavior ¢* = 431.810, df = 416 = .286) or parent sun safety behavigfs{296.450, df =

385,p = 1.000) samples.
Model Effects

Standardized parameter estimates for the hypo#eksetations among factors are
presented in Figure 1 and as a table in Appendigupplemental materials). Overall, the
model accounted for 68.8%, 65.3%, and 61.6% of#nmnce in intention to binge drink,
floss, and adopt safe sun behaviors, respectiaaly,39.4%, 78.8%, and 27.9% of the
variance in the binge drinking, flossing, and safedehaviors, respectively. Results
revealed statistically significant effects of aities on intentions to engage in binge drinking
and flossing, but not for sun safety behaviors.réheas a statistically significant effect of
subjective norms on intentions for flossing, but foo the other behaviors. Perceived
behavior control significantly predicted intentifor binge drinking and flossing but not for
sun safety behaviors. Intention statistically peceetl flossing, but no effect was found for
binge drinking and sun safety behaviors. Thereavstaitistically significant effect of
perceived behavioral control on behavior for suetysbehaviors, but not for the other

behaviors. Automaticity at T1 predicted automayiéitweeks later (T2), and automaticity at
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T2 predicted behavior, for each of the three beaidraviStatistically significant effects were
found from past behavior on attitude, subjectivensy perceived behavioral control,
intentions, and automaticity at T1 and T2 for a&hbviors. There was a statistically
significant effect of past behavior on behaviorliorge drinking, but not for flossing or sun

safety behaviors.

Focusing on the indirect effects, we found a diatiy significant indirect effect of
attitudes on behavior mediated by intention fos$iog behavior, but no other indirect effects
of the model variables on behavior mediated bynitiw@. We also found indirect effects of
T1 automaticity on behavior mediated by T2 autoaigtior all behaviors. We found no
indirect effects of past behavior on behavior tigtoattitudes, subjective norms, perceived
behavioral control, and intention in each of thedels. There was, however, a statistically
significant indirect effect of past behavior on aeior via T1 automaticity, and via T2

automaticity for all behaviors.

Multi-group analyses identified a few differencaseifects across the three samples,
although the differences reflected the relative sizthe effects across samples, rather than
differences reflecting effects that were differeotm zero and those that were
indistinguishable from zero. Effects of attitudesl goerceived behavioral control on
intentions, and intentions on behavior, were sigaiftly smaller in the sun safety sample
relative to the binge drinking and flossing samplef§ects of perceived behavioral control on
intention and behavior were significantly largethe sun safety sample relative to the binge
drinking and flossing sample. The effect of pastdweor on attitude was significantly larger
in the binge drinking sample than the sun safetymea. Similarly, the effect of past behavior
on subjective norms was significantly greater i Ibimge drinking sample than the flossing
sample. The effects of past behavior on T1 andut@naaticity were significantly greater in

the flossing sample compared to the binge drinkagple. The effect of past behavior on
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intention was significantly smaller in the bingenling and flossing samples relative to the
sun safety sample. Relative to the sun safety sarti@ effect of past behavior on behavior

was larger in the binge drinking sample

For completion, we compared model effects withoytutation of missing values,
using listwise deletion of data with missing cass$ead. The model estimated with listwise-
deleted data did not result in substantive diffeesnin the pattern of effects across the

samples. Full results of these analyses are pesanAppendix D (supplemental materials).
Discussion

Social cognition theories tend to focus on a nammamge of determinants of health
behaviors. As a consequence, they may not accourffects of other variables that could
be potentially informative when it comes to preitigthealth behaviors. One potential
variable whose effects within social cognition misdeay provide important information on
the determinants of behavior is past behavior. @ iealready a substantive body of research
examining past behavior effects within social ctignitheories. Studies including frequency
of past behavior within these theories have coasist shown that past behavior attenuates
effects of intention and other social cognition stoacts on subsequently measured (future)
behavior. However, there is some debate over wlkt sffects represent. Some researchers
have argued that past behavior may model non-comsend automatic processes, such as
habit (Ouellette & Wood, 1998). Others have argihed past behavior effects should be
mediated by constructs from social cognition thedif the theory is to be considered
sufficient as an account for further behavior (Ajz&991, 2002). Drawing on Ouellette and
Wood’s (1998) propositions, we tested a set oftkgyotheses related to reasoned action and
automatic processes in a social cognition modélidueg past behavior in three health
behaviors, with three, independent samples: bimgkidg in university students, dental

flossing in community-dwelling adults, and sun safeehaviors by parents for their 2 to 5
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year-old children. Furthermore, we adopted a cohgmsive measure of past behavior,

which encompassed frequency, recency, and rouétterps of previous behavior.

Results revealed a consistent pattern of effectproposed model in the binge
drinking and dental flossing behavior samples iast with the TPB. These findings
suggest that individuals are more likely to engaghese behaviors when they have positive
attitudes toward performing the behavior in futargl believe doing so is within their
control. Subjective norms did not predict any & behaviors, suggesting a lesser role for the
perceived influence of significant others for thbséaviors. Importantly, behavior was also
predicted by automaticity in all three samples,gasing, that the very least, all three
behaviors were somewhat determined by habits dmeuTlhese findings suggest that
constructs representing both reasoned and autopratiesses determine behavior
simultaneously. A possible interpretation of thatprn of effects, provided by Hagger et al.
(2016), is that these behaviors are determinedhsgtoucts representing one or the other of
the processes for groups of participants withinsduw@ple, each with sufficient strength so as
to be presented as statistically significant olefide key challenge for future research is to

identify the moderator variables that determine nvbach pattern of effect pervades.

In contrast with previous studies (Hamilton, Kirkpek, Rebar, & Hagger, 2017),
none of the TPB variables predicted parents’ imb@&st and intentions did not predict
behavior for parental sun safety behaviors. Onsiplesreason for this pattern of effects may
be that these behaviors are highly routinized afiithal, particularly in an Australian
context where exposure to the sun is both likety mgular. A means to test this hypothesis
would be to examine effects of the constructs igmeng the reasoned process predict
behavior when effects of constructs representiegatitomatic process are removed. We
therefore re-estimated the model removing effetutomaticity in the model for this

behavior. As predicted, results revealed intentfeslicted parental sun safety behavjor(
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.227,p < .01). This attenuation effect has been obsecwvedistently in previous studies (see
Hagger et al., 2016, 2018), and suggests autonyasdihe pervading determinant of

behavior in this context.

Research has suggested that past behavior-futhesibe relations effectively
represent habits (Hagger, 2019; Hagger et al., ,20088; Ouellette & Wood, 1998). We
reasoned that if this was the case, residual sffggbast behavior on future behavior should
be mediated by automaticity, to the extent thaividdal’s reflections on automaticity
sufficiently capture a key component of habit. Gstest with previous research (van Bree et
al., 2015), our results revealed consistent intlieffects of past behavior on future behavior
through automaticity at both time points. This tesubstantiates one of the propositions set
by Ouellette and Wood (1998), that effects of fmeftavior model habitual or automatic

actions.

However, contrary to previous research (Haggel. €2@16, 2018) and the proposals
by Ouellette and Wood, effects of past behaviorewet found to be mediated by the social
cognition constructs in the current model. Ajze@(2) suggested that the TPB constructs
should account for the effects of past behavidri# to provide a sufficient account of
behavior. He suggested that indirect effects mgatehaving made similar decisions in the
past or the effect of past experience in infornbetefs regarding future performance of the
behavior. However, it seems that for the currenbtbehaviors, beliefs regarding future
participation jn behavior are not based on pasee&pce. One possible interpretation is that
a minority of individuals in these samples perhlagge low levels of previous experience
and, thus, their beliefs toward performing the b&bra in future are not based on their past
experience. However, for the majority, these bebravare likely determined by habits. For
example, it is well documented that university stug frequently engage in hazardous binge

drinking (Davoren et al., 2015), even compared#rtnon-student peers (Kypri et al.,
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2005). Similarly, sun safety practices is a relé\mhavior for most parents in an Australian
context (Hamilton et al., 2016; Hamilton, Kirkpakj Rebar, White, et al., 2017). Itis

therefore likely that the behaviors are likely thalsat are largely habitually determined.

Unlike other proposed models that include delibeeaind automatic pathways
(Caudwell et al., 2019; Hamilton, Kirkpatrick, Rep& Hagger, 2017; van Bree et al., 2015),
a novel aspect of the current research is the me@sut of automaticity over two time
points, this may have contributed to the full mé&diaof past behavior effects by
automaticity for the dental flossing and parentad safety behavior samples. A residual
effect of past behavior was still observed in thgb-drinking sample, which suggest that
automaticity may not fully account for effects aftematic, non-conscious behaviors. For
example, it could suggest that individuals selfer¢pf automaticity for binge drinking may
not be entirely precise because they do not takeaiccount of ‘in-the-moment’ decision
making. Other constructs that reflect automatidweatéons of binge drinking behavior such
as implicit attitudes toward alcohol, impulsivignd implicit alcohol identity may be further
important mediators of past behavior effects (Caeld& Hagger, 2014; Houben & Wiers,

2009).

An innovative contribution of the current studythe use of a second-order latent
variable of past behavior that included long-teregtiency of performance, recent
performance (up to 1 month), and routine perforreasfche target behavior. Typically, past
behavior is measured using an arbitrary time frasueh as 1 week. Such measures may miss
previous patterns of behavior that may be imporitathe determination of future behavior.
Bagozzi and Warsaw (1990) in their theory of tryiagd later Perugini and Bagozzi (2001)
in their model of goal-directed behaviors, argueat past behavior should be separated into
long-term and recent components. They argued thé¢ whe two components may be

related, they are conceptually different and theeedd important independent information



17

in the prediction of behavior. For example, anwimtlial may have only recently taken up an
activity (e.g., flossing after advice from theimtist), or could have regularly engaged in an
activity over a long period, but has not been ablecently (e.g., an individual who usually
binge drinks each weekend but has recently redsigedding to save for their university text-
books). Perugini and Bagozzi (2001) proposed #ancy of behavioral engagement may
influence future behavior by anchoring biases thay carry implicit information about
intentions to a degree higher than by what is donsty available. Furthermore, consistent
with Ouellette and Wood'’s (1998) premise, they sfjghat long-term frequency of
behavioral engagement likely maps to habitual cenaes of the behavior. Despite these
premises, we found that these conceptually distostponents of past behavior were highly
correlated and served as indicators of a seconer@akt behavior latent variable. These
findings suggest that all three components areucagtby an overall past behavior construct.
Measures of the different past behavior compontemis to converge in large samples, and
separation of the different components do not aitititional information in terms of the
prediction of future behavior. In fact, separatudrthe different components would likely
confound analyses due to multi-collinearity du¢hi® high intercorrelations. Nevertheless,
justification for separating past behavior intoagpe components may be justified when
studying past behavior effects of infrequently parfed behaviors, like blood donation, or

new behaviors that have only just been initiated.

The pervasive effects of habit on the health bedraun the current study have
important implications for practitioners and cliigics. Findings suggest that once an
individual has adopted a health-behavior, suchpp/emg sun-safe practices to their children
or flossing, they should focus their efforts onlthuig behavioral automaticity to maintain the
health-behavior. Strategies that promote habith asancreasing behavioral performance in

the presence of a cue could therefore be adoptethdfmore, previous research has
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demonstrated that habit formation follows an asytipurve; automaticity grows fastest in
the initial weeks of habit formation, and then pkais (Lally et al., 2010). This pattern may
mean that while it can take several months forkathia fully form (Lally et al., 2010), the
more intensive work to build the habit (e.g., faogson building a response to a stable and
applicable cue) can be performed in the initial feaeks of an intervention before sufficient
self-regulatory actions (e.g., development of sedritoring charts) could enable persistent
repetition of the habitual action. In addition,antentions may need to focus on building the
awareness of when an unhealthy habit is being clesifocus of interventions may be to
break or swap a habitual response, for exampéa ihdividual regularly begins binge-
drinking after work on a Friday, they may changaithesponse to the cue (i.e., ‘finishing
work on a Friday) with something more healthy (ee@ting at a restaurant that does not
serve alcohol or by engaging in physical exerciSkjs work requires effortful, conscious
reflection and decisions, and therefore futurerugertions may also need to use techniques
that focus on the social-cognitive aspect of threerit model (i.e., focus on building

perceived behavioral control and positive attituteshange).
Strengths, Limitations, and Resear ch Directions

The current study has a number of strengths, dietpa comprehensive test of a
model that included constructs representing reakand automatic processes in three
distinct behaviors: dental flossing, binge drinkiagd parents’ sun safety behaviors for their
children. Importantly, this is the first study,ttee authors’ knowledge, to use a measure of
three distinct components of past-behavior: freqyerecency, and routine. The research is
also innovative as it explores the extent to whaffacts of the past behavior factor on future
behavior were accounted for by measures of bera\aotomaticity, a key component of
habit. Also unique was the measurement of automatttwo points in time, which takes

the temporal stability of this construct into acabu
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However, this study is not without limitations, whiwe outline next along with
directions for future research. The current stuslydua prospective correlational design, so
the direction of relations can only be inferredhirthe proposed relationships outlined in the
relevant theories. Cross-lagged panel and expetahdesigns are needed to confirm the
direction of causality (Chan et al., 2020; Lisk@84). The current study primarily recruited
relatively homogenous samples of participants west low on diversity, which places limits
on the generalizability of the results (Henriclaket 2010). Another limitation is the reliance
on self-report measures of behavior. Given oné@tiehaviors could be socially undesirable
(i.e., binge drinking), and another could be seearaevaluation of positive parenting
practices (i.e., the use of sun safety behaviongooin child), social desirability effects have
unduly inflated reports of these behaviors. Fusiiuglies should focus on collecting
behavioral data that does not rely on self-repghih may obviate these biases (Buller &
Borland, 1999). In addition, the parental sun sabethavior was defined as a collection of
behaviors, which may have had unintended consegaenche way some participants
reflected on the automaticity of the behavior. Example, it is plausible that different sun
safety behaviors may vary in their degree of autantyg which may have made it
problematic for participants to respond to the measHowever, given each of these
behaviors are likely cued in the same way (e.gngoutside during the day) and that the
collection of behaviors have been advocated toraogether in a long-standing public
health campaign in Australia (Montague et al., 30@1s likely that each has a similar level
of automaticity. Last, automatic processes in timeent model were represented by self-
reported automaticity alone. Future research showutdider including other measures that
tap into these processes, such as counter-intahtiabits (Gardner et al., 2015) and implicit
beliefs (Hagger & Chatzisarantis, 2014; Strack &f3eh, 2004). These additional constructs

may play an important role in accounting for eféeot past behavior (Hagger et al., 2017).
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Conclusions

The current study tested a social cognition mdugi €ncompassed constructs
representing reasoned action and automatic pracésgeedict three health behaviors in
three separate samples: binge drinking in uniwessitdents, dental flossing in community-
dwelling adults, and parental sun safety behavmrtheir 2 to 5 year-old children. Results
indicated that constructs representing the reasactoh and automatic processes
significantly predicted flossing, whereas bingenklimg and sun safety behaviors were
generally predicted by constructs representingraatic behaviors. The current investigation
also found support for the mediation of the pasiaver-future behavior relationship by
automaticity. The current study fills a knowledggdn the current literature on the multiple
processes that guide behavior and provide furthideace that constructs that represent
automatic processes play a key role. Future resesti@uld focus on exploring the role of
other constructs that represent automatic processdsas counter-intentional habits and

implicit beliefs.
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Study Highlights

» Constructs representing reasoned action and automatic processes predicted health
behaviors

» Constructs representing automatic processes mediated the past-future behavior
relationship

* The study used a novel multi-component measure of past behavior
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