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Abstract
Rationale: The reasoned action approach (RAA) is a socighitve model that outlines the
determinants of intentional behavior. Primary aretaranalytic studies support RAA predictions in
multiple health behaviors. However, including pashavior as a predictor in the RAA may attenuate
model effects. Direct effects of past behavior ehdvior may reflect non-conscious processes
whereas indirect effects of past behavior throumtias cognitive variables may represent reasoned
processebjective: The present study extended a previous meta-asalthe RAA by including
effects of past behavior. The analysis also testietts of candidate moderators of model
predictions: behavioral frequency, behavior typel measurement lalylethod: We augmented a
previous meta-analytic data set with correlatioeisMeen model constructs and past behavior. We
tested RAA models that included and excluded paisabior using meta-analytic structural equation
modeling and compared the effects. Separate moazks estimated in studies on high and low
frequency behaviors, studies on different typelsatfavior, and studies with longer and shorter
measurement ladResults. Including past behavior attenuated model effqusticularly the direct
effect of intentions on behavior, and indirect eféeof experiential attitudes, descriptive nornm a
capacity on behavior through intentions. Moderatwalyses revealed larger intention-behavior and
past behavior-behavior effects in high frequenagigts, but the differences were not significant. No
other notable moderator effects were obser@edclusion: Findings indicate a prominent role for
habitual processes in determining health behawidriaclusion of past behavior in RAA tests is
important to yield precise estimates of model effec
Keywords. habit; non-conscious processes; theory of platedavior; dual-process theories;

behavioral frequency
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Introduction

Epidemiological research has consistently idertipervasive links between regular
participation in health-related behavior (e.g., $bal activity, healthy eating, not smoking, drimdi
alcohol only in moderation) and reduced risk ofoetie disease (e.g., cancers, cardiovascular disease
diabetes) and adaptive health outcomes (Ford,&2(l1; Li et al., 2018). The development of an
evidence base of the psychological factors assatiaith participation in health behaviors has been
identified as a priority in behavioral medicine (@er & Norman, 2015; Sheeran et al., 2017b). The
evidence may inform practice by identifying thelesall constructs to target in behavioral
interventions (Kok et al., 2016). Theories of sbc@gnition have been at the forefront of reseanch
psychological correlates of health behavior as fireyide a fundamental understanding of behavior
and the associated processes. Prominent amongthieesees is the reasoned action approach (RAA;
Fishbein & Ajzen, 2009). The RAA is a generalizbdlief-based theory that identifies sets of
personal, social, and control-related factors itn@&act social behavior and the mechanisms involved.
McEachan et al. (2016) recently conducted a metdyais of studies applying the RAA in health
behavior contexts and provided generalized sugpoits predictions. In the current article, we
extended McEachan et al.’s findings by examinirgyrtiie of past behavior as an indirect predictor of
RAA variables in health behavior contexts. In aiddit we tested effects of candidate moderators on
RAA relations: behavioral frequency, behavior typed time lag between measures of RAA
constructs and behavior. We expected our analyastance previous findings by illustrating that
inclusion of past behavior in the RAA provides impat information about the extent to which
health behavior may be subject to non-consciousgsses. In addition, we expected studies on target
behaviors that are likely to be performed moreudeedly, therefore offering greater opportunity for
habit formation, to have larger effects of pastasedr, and smaller effects of intentions, on bebavi
We also expected effects of RAA constructs on beinae be smaller in groups of studies with

longer measurement lag.
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The Reasoned Action Approach

The RAA is a social cognitive model that has begpliad to predict and explain behavior in
multiple contexts (Fishbein & Ajzen, 2009). The RAsfa more comprehensive version of its
precursor, the theory of planned behavior (TPBrésiews see Armitage & Conner, 2001; Hagger et
al., 2002; Rich et al., 2015), and distinguishesvben specific subcomponents of the TPB constructs.
Intention is a central construct of the RAA. ltleets the extent to which individuals are motivated
perform a given behavior and is conceptualizedhasrtiost proximal antecedent of behavior.
Intentions are a function of three sets of beli@édd constructs: attitude, subjective norms, and
perceived behavioral control (PBC). Attitudes amaralividual’'s overall positive or negative
evaluation of a behavior. The attitude construdlifferentiated inteexperiential andinstrumental
subcomponents that reflect the affective and atibin functions of attitudes, respectively (e.g.,
Lawton et al., 2009). Subjective norms reflectitidividual’s beliefs that significant others want
them to participate in the behavior. Subjectivenm®comprisenjunctive anddescriptive
subcomponents (e.g., Sheeran & Orbell, 1999), whéstribe social pressures to perform the
behavior and beliefs in the extent to which theawadr is typical or normal, respectively. PBC
reflects the extent to which the behavior is urtierindividual’s control. PBC is differentiated ant
autonomy andcapacity subcomponents (e.g., Terry & O'Leary, 1995), wheftect perceptions of
control over doing the behavior and perceived dmrfce in doing it, respectively. Intentions are

proposed to mediate relations between the belisgédaonstructs and behavior.

Predictive validity of the individual subcomponentg¢he RAA constructs has been supported
in primary studies and meta-analytic reviews. Stsdiistinguishing between instrumental and
experiential attitudes indicate that both subconepds predict intentions directly, but also revealed
direct effects of experiential attitudes on behavidthough not previously hypothesized, the direct
effects were interpreted as indicative of more s@o@ous, non-conscious effects of affective

responses on action (Conner et al., 2015; Lawtah ,€2009). Research has demonstrated significant
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effects of both normative components on intentiont) effects sizes for descriptive norms tending
to be larger than those for injunctive norms (Magni2009; Rivis & Sheeran, 2003; Sheeran &
Orbell, 1999). Studies examining effects of capaaitd autonomy subcomponents of PBC have
demonstrated that capacity tends to be more inlaleas a predictor of intentions and, directly,
behavior (Rodgers et al., 2008; Terry & O'Leary93P Together these analyses provide converging
evidence for the distinction between the subcomptsnef the TPB constructs, consistent with

hypotheses of the RAA.

Further support for the RAA has been provided iacnt meta-analysis of prospective
studies on health behavior that included RAA suljpoments (McEachan et al., 2016). Regression
analyses based on the meta-analysis revealedisagieffects for all RAA subcomponents on
intentions, with the exception of autonomy. Expetied attitudes and capacity were the most
prominent predictors of intentions with small-to-glnen effect sizes, with much smaller effects for
instrumental attitude and the two normative cortgsruintention significantly predicted health
behavior with a medium effect size, with smalleedt effects for descriptive norms, experiential
attitudes, and capacity. The authors noted thadlitleet effects indicate that individuals may be
compelled to act spontaneously on the basis oethebefs without the need for deliberation.

Overall, the analysis provided support for the psHd relations among the study constructs.
Importance of Past Behavior

A prominent omission from McEachan et al.’s metabgsis was an account for the effects of
past behavior in the RAA. Considerable theory angigcal research has focused on the role of past
behavior in social cognitive models (e.g., Conriaale 1999; Hennessy et al., 2010; Ouellette &
Wood, 1998). Past behavior typically exhibits laeffects on future behavior, illustrating that
behavior tends to have high temporal stabilitythien context of social cognitive models, research ha
consistently shown that the inclusion of past béraas a predictor of behavior alongside the theory

determined constructs has four important effeefspést behavior predicts behavior; (b) it predicts
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the other social cognitive variables in the modwluding intention; (c) it attenuates the effeatshe
other social cognitive variables on intentions betavior; and (d) it leads to a significant incesas
the amount of variance in behavior accounted fatheymodel (Ajzen, 2002; Brown et al., 2017;
Hagger et al., 2016; Hagger et al., 2002; Hamiébal., 2017; Norman & Cooper, 2011; Protogerou

et al., 2018).

Theorists have suggested that direct effects dflsavior on behavior in social cognitive
models reflect implicit or non-conscious procedbes affect behavior beyond an individual’s
awareness (Dombrowski & Luszczynska, 2009; Hamiébal., 2017; Wood et al., 2014). This
perspective is consistent with dual process theareognition and behavior, which predict that
participation in health behaviors is a functiortwb processes: a reasoned, deliberative processes,
that tend to be represented by the belief-basestizants in social cognitive theories like the RAA,
and an implicit, impulsive process, that can beesgnted by past behavior (Hagger, 2016; Sheeran
et al., 2013; Strack & Deutsch, 2004). Past bemaffects may model a number of different types of
non-conscious processes. For example, Ouellett®\&udl (1998) suggest that direct effects of past
behavior on behavior independent of effects of osleeial cognitive constructs may reflect habits. A
habit is defined as an action or behavioral tengéimat it enacted spontaneously, with little coossi
awareness or reflection, in response to a setsoiczgated conditions or contextual cues. Researsh ha
indicated that contextual factors implicated in deelopment of habits, such as opportunity for
frequent repetition of the behavior in the preseica stable environment or facilitating conditions
determine whether behavior is predominantly deteechiby intentions or past behavior (Ouellette &
Wood, 1998; Wood, 2017). Large effects of past iginan behavior relative to intentions may be
indicative of a habitual action, while larger etieof intentions on behavior relative to past baétrav

may be indicative of an action controlled by reasbprocesses.

Inclusion of past behavior in social cognitive misdeaay also attenuate effects of social

cognitive constructs on behavior. This likely reteeprevious or ‘*habitual’ decision making; that
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individuals have processed information about thealmr in a similar way previously. Such previous
decision making is likely captured by measuresefdocial cognitive constructs in the RAA, and can
be modeled by past behavior. In such cases, variduecsocial cognitive constructs attributable to
previous decision making that is shared with beatraigi also shared with past behavior. In the
absence of past behavior, effects of these vadahky give a misleading indication of the extent to
which the behavior is determined by constructsasgmting reasoned processes that lead to action
(Ajzen, 2002). Inclusion of past behavior in socagjnitive theories is, therefore, important to

provide precise estimates of the unique effectb@bry constructs on behavior.

Effects of past behavior may also reflect effed¢tsther unmeasured constructs on behavior
that represent implicit, non-conscious determinantsehavior. For example, direct effects of past
behavior may reflect effects of implicit cognitioosbehavioral scripts, constructs that represent
stored sets of information developed over time ihigéiate behavior beyond an individual’s
awareness (Abelson, 1981; Ajzen, 2002). These ampiehavioral determinants have proposed to be
separable from habits (Ouellette & Wood, 1998; W&l 7). The inclusion of past behavior as a
predictor of intentions and behavior in tests afiglbocognitive models may, therefore, provide

important information on the extent to which thédeéor is controlled by non-conscious processes.

It is important to note that inclusion of past babamay diminish the predictive validity of
social cognitive models. Constructs in social cigaimodels should account for effects of past
behavior on subsequent behavior, that is, behd\stahility. However, if past behavior completely
accounts for the effects of the social cognitivedels on behavior, or renders them relatively ttivia
by comparison, then model constructs are effegtik@dundant as a means to explain behavior. It
also has serious implications for the effectiveriddbe model as a means to inform interventions
aimed at changing behavior. If the social cognitwastructs assumed to be manipulable through
intervention do not predict behavior, then affegtalnange in the constructs using intervention

techniques will have no concomitant effect on b&brayn cases where past behavior is the dominant
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predictor and social cognitive constructs accoantweéry little variance in behavior, it may be
necessary to look to constructs unaccounted foaditional social cognitive models, such as habit
(van Bree et al., 2017; van Bree et al., 2015)mmiicit attitudes (Gawronski, 2018), motives
(Keatley et al., 2012), or behavioral scripts (Aosl, 1981), as candidate mediators of past behavior
effects.In such cases, those designing interventions foawier change might look to identify
strategies that target change in these determirguth as altering the context in which the behavio
frequently occurs or avoiding cues that activatpliait cognitions (Hagger, 2016; Hollands et al.,
2016). In summary, accounting for past behavior prayide important information on the extent to
which behavior is under the control of reasonedrantconscious processes. It will also permit

evaluation of the validity of the model as an dffee means to explain behavior.
The Present Study

The purpose of the present study was to extend btcdtaet al.’s (2016) meta-analysis of the
RAA in health behaviors to include past behavioa @secursor of model constructs (Hennessy et al.,
2010). Given the pervasive effects that past behmdnas on future behavior in tests of social
cognitive models, and its attenuating effects afaaognitive constructs on behavior, the omission
of past behavior in model tests may lead to thevihigof erroneous conclusions over the size of the
effects among the model constructs and, as a coaseg, its validity in accounting for variance in
behavior. Including past behavior will also provateindication of the extent to which the behavior
Is accounted for by non-conscious processes, otteedtinctions indicated by the past behavior-
behavior relation. In addition, the inclusion obphehavior permitted evaluation of the extent to
which the social cognitive variables in the RAA @t for the effects of past behavior. Confirmation
that the RAA variables account for effects of gattavior on future behavior would provide support
for the adequacy of the model in accounting fordvédral stability and the reasoned processes that
lead to health behavior. This point has implicagiéor practice as it will indicate which, if anyAR

constructs should be targeted in health behaviangé interventions.
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Specifically, we aimed to extend McEachan et ah&ta-analysis by augmenting their original
correlation matrix among RAA constructs to inclymest behavior. Next, we tested the RAA model
that excludes past behavior (see Figure 1) and aempodel effects with the augmented model that
includes past behavior (see Figure 2) using mesdyan structural equation modeling. Overall, we
expected our analysis to provide new data on wh& A&\ effects identified in McEachan et al.’s
meta-analysis hold in the presence of past behaaal provide insight into the process by which

past behavior relates to subsequent behavior ithheshavior contexts.

We also aimed to test effects of three candidatéerators of RAA model effects within the
meta-analysis: behavioral frequency, behavior tgpé,time lag between social cognitive and
behavioral measures. Specifically, we aimed towdsther frequency of performance of the target
behavior moderated the effects of intentions oralsie, and the effects of past behavior on
intentions and the other model constructs. Condistéh previous theory and research on the role of
past behavior in social cognitive models (Ouell&étté/ood, 1998; Wood, 2017), we hypothesized
that behaviors affording greater opportunity tqpeeformed frequently (e.g., physical activity, agti
healthily) are more likely to be acquired as halatgl, as a consequence, the behavior is morg likel
to be controlled by non-conscious, automatic preegsin contrast, behaviors that are likely to be
performed less frequently (e.g., blood donatiorgesaing attendance) offer fewer opportunities for
habit formation, and actions are, therefore, mibeyt to be determined by intentional, reasoned
processes. We therefore predicted that the effantentions on behavior would be smaller, and the
effect of past behavior on behavior as a proxyhtit, would be larger, in studies on behaviors$ tha
tend to be performed frequently. It is importanhtde that behaviors are likely to be habitually
controlled not only when individuals have high ogpaity to perform them frequently, but also
when they are performed in stable contexts (Ouel&iNood, 1998). Although frequency and

context stability are often associated, segregdtetaviors in terms of their opportunity to be
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performed frequently without considering contexbdity may relatively crude as a means to identify

conditions that influence habitual control over &abr.

We also aimed to test whether model effects vaedss different behaviors. Following
McEachan et al.’s (2016) original analysis, weddsthether RAA predictions were consistent across
studies with target behaviors that offer protectimm risks to health (e.g., physical activity, hieg
eating) and studies on target behaviors that akg for health (e.g., smoking, drinking alcohol).
Although they did not make specific predictions,Bachan et al. suggested that experiential attitudes
were more likely to have larger effects on riskdabr when compared to protection behaviors given
that participation in these behaviors might be mheteed by affective-related beliefs than
instrumental beliefs. Their analysis supported pesliction with larger effects for experiential
attitudes, but they also found larger effects fstiumental attitudes and descriptive norms.
McEachan et al.’s moderator analyses were contioethivariate relations between model
constructs. We aimed to extend this analysis bynexiag moderator effects in a full test of the RAA
in which all model paths are estimated simultangois addition, some behaviors, such as physical
activity and dietary-related behaviors, were fraglyetested in the set of studies used by McEachan

et al., so we aimed to test whether or not modekef were consistent across specific behaviors.

McEachan et al. also tested effects of time lag/beh measures of RAA model constructs
and behavior on individual correlations betweendtestructs. We aimed to conduct a similar
analysis, but in the context of the full structuraddel. Consistent with previous meta-analytic
research adopting social cognitive models indicgativat behavioral prediction over time tends lead t
smaller effects (Hagger et al., 2002; Mankarioukdhe, 2015; McEachan et al., 2011), we expected
effects of social cognitive factors, intentionsg grast behavior on behavior to be larger when
behavior is measured in close proximity to the alombgnitive variables. However, we did not expect
the RAA to be entropic, that is, for the proposeatlel effects to wane over time to zero, partly

because temporal correspondence in measures tendsritain prediction, but also because there are
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likely other constructs that tend to maintain ini@ms over time, albeit those that are typically

unmeasured, such as implicit motives and attituglesning, and self-monitoring.
Method

Our analysis used the original studies includellaiachan et al.’s (2016) meta-analysis of
the RAA for health behaviors. McEachan et al. ideat 74 articles reporting 86 separate datasets
(totalN = 21,245) on the reasoned action approach apiibdalth behaviors defined as those likely
to impact health outcomes including health prongphbehaviors (e.g., physical activity, safer sex] an
screening attendance) and health compromising lbaisa'e.g., drug use). A list of included in the
analysis is provided in Appendix A. Our first tasks to fill gaps in McEachan et al.’s correlation
matrices among RAA constructs variables in eactlystparticularly relations among RAA constructs
and past behavior. We therefore sourced all obtiggnal studies identified in McEachan et al.’s
analysis and replicated their procedures for etittla@nd coding of study data. The RAA constructs
in each study were exclusively measured using ataimked measures derived from published
guidelines (Fishbein & Ajzen, 2009). The homogengitmeasurement obviated the need to code the
measures for equivalence across studies. Effex$ $earson correlation coefficientsand
associated sample sizes for relations among the E0RAtructs were extracted from the zero-order
intercorrelation matrices of the source studies.eiteacted correlations among the RAA measures
and past behavior measures where avail&e33). We also extracted correlations among the
experiential and instrumental attitude, injunctarel descriptive norms, and autonomy and capacity
constructs which were not reported in McEachan.st@riginal analysis. We aggregated effect sizes
at the study level in cases where studies includeltiple measures of related behavior measures.
When a study measured behavior at multiple follgmtimepoints, we used the latest timepoint. We
also extracted the average intention score and auoflscale points, and time lag between measures
of RAA constructs and behavior measures, for eaatysOur final sample sizes for each RAA effect

was closely matched with McEachan et al.’s origaralysis although there were some variations.
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For example, Blanchard et al. (2008) reported ftata four samples defined by ethnicity
(Caucasian, African-American) and length of folloyw{two-week, two-month), we included all four
samples in our analysis while McEachan et al. ishetlionly the two-month samples. Collection of

studies and data extraction were conducted betiiegnand August 2017.

Next, we tested relations among RAA constructsgusieta-analytic structural equation
modeling (MASEM) using the metaSEM package (Che@0d5) in R (R Development Core Team,
2017). A typical method used to analyze multiplatrens among constructs in social cognitive
models is to adopt a univariate approach that wresfirst correcting correlations among variabtes i
the model across studies using meta-analysis &amdusing the average bias-corrected correlation
matrix as input in a multiple regression or pathlgsis testing the model. This method has been used
in many previous studies (e.g., Hagger et al., 26iE@§ger et al., 2017b; Ng et al., 2012), including
McEachan et al. (2016). Yet, this procedure has ldentified as problematic because it necessitates
finding a common sample size to estimate the stanel@ors, such as the harmonic mean of the
sample size across studies, and assumes thatrtkeé&tion matrix is a covariance matrix, which
likely leads to inaccuracies in the resulting staderrors, confidence intervals, and chi-square
values of the model (Cheung, 2015). MASEM offerabearnative that directly addresses the inherent
limitations of the univariate approach. The anaysiconducted in two stages. In the first stage,
correlation matrices from individual studies areled to form a common correlation matrix using
random effects meta-analysis. The analysis prodageoled correlation matrix representing the
average correlation matrix among study variablglénpopulation, with a sampling variance-
covariance matrix that represents the known pratisstimates of each correlation in the pooled
matrix. The first stage yields zero-order correlasi corrected for bias using a random effects meta-
analytic model (' rg) among study constructs across studies with 958idmnce intervals. In
addition, statistics to evaluate heterogeneithanéffect sizes are also provided: thetatistic, theQ

statistic, and thé& statistic and its 95% confidence interval. Statisly significantt?> andQ values
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with 1% values exceeding 25% with wide confidence inteneaie considered indicative of substantive
heterogeneity. We also computed conventional fixed random-effects meta-analytic estimates for

each RAA effect using the metafor package in Retomparison.

In the second stage of the analysis, the poolegledion matrix is used to estimate the
proposed model. Two models were tested: a modahgethe hypothesized pattern of effects among
study constructs consistent with hypotheses fr@rRAA (see Figure 1) and a model augmented to
include past behavior (see Figure 2). Fit of theppsed model with data from the meta-analysis was
evaluated using multiple goodness-of-fit indicé® model goodness-of-fit chi-square, the
comparative fit index (CFI), the Tucker-Lewis ind@dl), the standardized root mean square of the
residuals, and the root mean error of approximafRMSEA). A non-significang?, CFl and TLI
values that approach or exceed .95, a SRMSR vélesothan .008, and a RMSEA value of .005 or
less indicate good fit of the model with the ddda & Bentler, 1999). Effects among model
constructs were evaluated based on the likelih@sed confidence intervals about model parameter
estimates. We evaluated whether inclusion of palsawior in the model attenuated effects of RAA
constructs on intentions, and of intentions on bEltaby computing the confidence interval of the
difference in the parameter estimates across tlieing¢Schenker & Gentleman, 2001). To the extent
that the interval does not include zero, we havdigoation of a statistically significant differeaen

the parameter estimates across models.

We evaluated effects of behavior type, and timenaglerators on RAA model effects by
estimating the models separately in groups of sgudn behaviors classified as high and low
frequency, studies on specific behaviors that rehliested with high regularity, studies on health
risk and health protection behaviors, and studiéls nger and shorter time lag between social
cognitive and behavioral measures. Classificatiostudies into highl( = 65) and lowK = 16)
frequency was based on Ouellette and Wood’s (1&9&Yion. Although classification of studies into

those targeting behaviors that offered greater dppiy to be performed with high (e.g., physical
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activity, health eating) or low frequency (e.godid donation, health screening) was a relatively
straightforward process, there were particular £#sat presented some difficulty. For example, for
condom use, individuals in a regular, long-ternatiehship using condom use for contraception are
more likely to have greater opportunity for useohdoms than individuals not in a relationship.
Similarly, for speeding when driving, opportunityaynbe dependent on whether or not the individual
used a car on a daily basis, such as commutingtk.Wn these cases we relied on the definition and
operationalization of the behavior and the sampkedption provided by in the original report as a
basis for our decision. Coding for this moderataswonducted independently by two raters. Inter-
rater analysis indicated strong agreement (85). Discrepancies were discussed beforersgiin a
final classification. We also identified groupsstdidies that tested the RAA in the same target
behavior. The most frequently occurring target bedra in the sample of studies were physical
activity (k = 38) and dietary behaviork € 13), with other behaviors adopted with lowegtrency k

< 10). We retained McEachan et al.’s (2016) origomaing of studies into health protectidn« 70)
and health riskk{= 11) behaviors. Consistent with previous metdydicsstudies (e.g., Hagger et al.,
2002) including McEachan et al. (2016), studiesenaassified as having longer measurement lag if
the time gap between measurement of the RAA caetstand behavior was greater than 4 wekks (
43), and shorter if the time lag was four weekg&earer k = 38). Heterogeneity statistics from the
first stage of the MASEM analysis were used to eatd whether the moderator had resolved the
heterogeneity in correlations among variables.ddéhces in relations among model constructs at the
levels of the moderator were tested using the denfie intervals about the difference in model

parameter estimates (Schenker & Gentleman, 2001).

We also evaluated the potential effect of selea@gorting bias in relations among the RAA
model constructs across included studies usingss@gn analyses based on ‘funnel’ plots of effect
size on estimates of precision. The plots are tsedtimate the extent to which an averaged effect

size derived from a meta-analysis may deviate fitoertrue effect due to selective biases in the
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sample of studies in the analysis. A principal sewf bias may be ‘publication bias’ caused by a
preponderance of studies in the sample with disptagmately large effect sizes relative to the
sample size. Regressing effect size on study poagmovides an estimate of the extent of bias and
an estimate of the effect size corrected for biag methods are used: the precision effect tesTPE
and the precision effect estimate with standardrédREESE). The PET is the linear regression of
study effect size on its standard error estima&glked by the inverse variance. The intercephef t
model provides an unbiased estimate of the truenrafact size. However, the PET may
underestimate the true mean effect size when th@adence of a non-zero effect. The intercept
derived from a non-linear (quadratic) regressiostatly effect size on the square of its standard
error, again weighted by the inverse variancePBESE, has been shown to provide a more precise
estimate of the true mean effect in cases where teevidence of a non-zero effect. We computed
PET and PEESE estimates, wittest for bias, and statistical significance of lies-corrected effect
from zero to provide an indication of selectivesbia each estimate using the PETPEESE function in
R (Carter et al., 2017). A full table including @yucharacteristics, extracted data, and moderator
coding can be accessed online from the Open Sclenareework (OSF) project for this study:

https://osf.io/w4hfr.

Results
Zero-order parameter estimates and bias statistics

Zero-order averaged bias-corrected correlatiohg)among RAA model constructs including
past behavior from the first stage of the MASEMIgsia are presented in Appendix B (supplemental
materials), with bias-corrected correlations froomeentional random- and fixed-effects meta-
analysis included for comparison. The bias-corekctarelations from the MASEM analysis were all
significantly different from zero and non-trivial size ('re range = .158 to .564). Heterogeneity
statistics revealed moderate-to-high heterogemeitprding to thé? statistic. Values for the-

statistic across studies also indicated substdmigrogeneity for the models excludi@(L244) =
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6742.459p < .001) and includingd (1440) = 7666.84&) < .001) past behavior. As correlations
from the MASEM analysis and conventional meta-at@aiyodels indicated positive non-zero
effects, the PEESE regression test was taken astemate of selection bias. The test revealed
significant bias in the majority of the effects.wiver, the bias-corrected PEESE estimates did not
alter conclusions with respect to whether effeasendifferent from zero and their overall size.
Analysis scripts and output files for the metaSEMIgsis, conventional meta-analysis, and PET-
PEESE analysis with funnel plots can be accesskuaednom the study OSF project:

https://osf.io/w4hfr.

M eta-analytic structural equation models

Goodness-of-fit statistics indicated that the sdcstage MASEM models of the RAA that
excluded (Figure 1) and included (Figure 2) pakiler exhibited adequate fit with the data (see
Appendix C, supplemental materials). Standardizedmeter estimates with 95% likelihood-based
confidence intervals from the MASEM analyses fothbmodels are presented in Table 1. Patterns of
effects for the model excluding past behavior wemesistent with those found by McEachan et al. in
their regression analyses, albeit with some vamaith the magnitude of the effects. Specificallg, w
found statistically significant, positive direcfedts of experiential and instrumental attitudes,
injunctive and descriptive norms, and capacityrgantions. We also found significant and positive
direct effects of experiential attitudes, capaatyd intentions on behavior. Effect sizes were mal
(Bs < .150), with the exception of the effects fopesential attitude, descriptive norms, and capacit
on intentions, and intentions on behavior. In addjtexperiential and instrumental attitudes,
injunctive and descriptive norms, and capacity sigdificant and positive indirect effects on health
behavior through intentions, consistent with hypsts. Indirect effects for instrumental attitudes,
and injunctive and descriptive norms were relagisghall and trivial § < |.075]) (Seaton et al.,

2010), while indirect effects for experiential attle and capacity were more substantive. Overall,
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RAA constructs accounted for 47.51% and 24.07% efariance in intentions and behavior,

respectively.

Including past behavior as a predictor of all ales in the model (Figure 2) revealed
statistically significant attenuation of some moations. Specifically, the direct effects ofantion
on behavior, and the indirect effects of experarttitudes, descriptive norms, and capacity on
behavior through intentions were significantly slealThe attenuation of key effects
notwithstanding, inclusion of past behavior did leatd to a rejection of the RAA as the overall
pattern of effects of the model was supported.ukticlg past behavior as a predictor in the model
resulted in a significant increase in the proportd variance explained in intentions (53.17%) and
behavior (34.41%), reflecting the pervasive effd#qpast behavior in the model. In addition, past
behavior also exhibited significant indirect efieon behavior mediated by intentions alone, and
mediated by the other social cognitive variablas iatentions, on behavior. According to the
proportion mediation statistic (2 Ditlevsen et al., 2005), the total indirect effetpast behavior
through the social cognitive variables from the RA#d intentions accounted for a small proportion
of the total effect of past behavior on behaviy; € .200). This means that 20% of the total effdéct o
past behavior on behavior was accounted for bynitheect effects, and indicated that the direct

effect of past behavior on future behavior waslénger effect.
Moderator analyses

MASEM analyses of the RAA in moderator groups reprging behavior frequency, behavior
type, and measurement lag, exhibited adequatathtthe data according to multiple criteria (see
Appendix C, supplemental materialSjandardized parameter estimates, confidence aisgrand
test statistics for each moderator analysis arggoted in supplemental materials (Appendixes D-G).
For the behavior frequency moderator (Appendixtbd,direct effects of intention on behavior was
larger, and the direct effect of past behavior ehdvior smaller, in groups of studies with high

frequency, compared to studies with low frequetyese effects were contrary to predictions.
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However, it is important to note that these obsgdiferences were not statistically significant
across moderator groups. In addition, we foundisogmtly larger effects of past behavior on
experiential attitudes, injunctive norm, and dgstore norm in studies on low frequency behaviors.
There were also trends toward larger effects of lpalsavior on autonomy and capacity in studies on

low frequency behaviors.

For the behavior type moderators, the models ettoinan dietary behaviors and health risk
behaviors did not converge due to small numbestugfies and positive non-definite covariance
matrices. The model on health protection behawas therefore compared to the full sample,
effectively a sensitivity analysis testing whetber conclusions on model effects would change with
the exclusion of studies on health risk behavioh& model estimated on studies on physical activity
behaviors was compared to models on other behaWwegound no differences in model effects for
studies on health protection behaviors relativiiéooverall sample (Appendix E). Effects of past
behavior on experiential and instrumental attitu@asl injunctive norms were smaller in studies on
physical activity behavior relative to studies dhey behaviors. However, there were significant
differences or observed trends in the total effe€{zast behavior and intention on behavior across
behavior type (Appendix F). Finally, there weresngnificant differences or observed trends in
model effects across the measurement lag moddérgppendix G). It seems that model effects were
consistent regardless of time gap between measodisating that the model effects were consistent

in studies with shorter- and longer-term behavitobbdw-up.
Discussion

The purpose of the present study was to extend btedtfaet al.’s (2016) meta-analysis of the
RAA for health behaviors by including past behawaera predictor in the model. The analysis aimed
to evaluate the extent to which past behavior ptegirospectively-measured health behavior beyond
the RAA constructs — effects that likely model hadl, non-conscious processes on health behavior.

We also set out to examine the effects of candiaet@derators of RAA model effects: behavior
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frequency, behavior type, and time lag between oreasent of social cognitive constructs and
behavior. We updated McEachan et al.’s databaseroélations among the RAA constructs with
correlations between these constructs and pasvioehand extracted data on behavioral frequency,
behavior type, and measurement lag. MASEM was tesegbt the proposed RAA models excluding
and including past behavior across studies. Refrlthe model excluding past behavior replicated
the pattern of effects reported in McEachan es alriginal analysis. Inclusion of past behavior
resulted in significant attenuation of the direfféet of intentions on behavior, and the indireffeets

of experiential attitudes, descriptive norms, aagacity on behavior through intentions. The indirec
effects of past behavior through the social cogaitiariables in the model and intentions accounted
for a relatively modest proportion of the totalesff of past behavior on behavior. We found few
statistically significant differences or observeshtds in model effects when testing the model in

studies across levels of the moderator variables.

Current findings point to the pervasive effect apbehavior as a determinant of health
behavior, which has two important ramifications thoe interpretation of RAA predictions. First, it
means that regardless of any variability in eff@zes due to potential moderators (e.g., context,
behavior, or population), the observed effects agrl®AA constructs in health behaviors are likely to
be non-zero. Furthermore, the effect of intentiondehavior is likely to be lower when past
behavior is included in the model. In other wor@searchers testing the model would expect to find
these patterns of relations regardless of variatiorstudy characteristics. This conclusion is
consistent with previous meta-analytic researcimeniaag past behavior effects in social cognitive
models (Hagger et al., 2016; Hagger et al., 2082}, recent research applying the RAA to health
behaviors (Conner et al., 2017). Second, an impbmaplication of these findings is that tests ué t
RAA in the absence of past behavior are likelyitdyinflated estimates of the averaged effects of
intention on health behavior, and indirect effeft® AA constructs acting through intentions, and

may lead to misleading conclusions regarding the sf the effects. This has important ramifications
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for the RAA given that the intention-behavior reaship is central to the model and fundamental to
its validity (Hagger et al., 2017a; Trafimow, 2008} the aggregate level, our analysis has importan
implications for interpreting the pattern of effeat the RAA and for future research. Researchers

should be encouraged to consider the effects aftqgdmavior in future tests of the RAA, and consider

past behavior when interpreting model effects.

However, it is important to note that while theesof these effects among RAA model variables
was substantially reduced with the inclusion oft peehavior, the effects were not extinguished.
Taken together with results from primary studieticating pervasive effects for past behavior in
social cognitive models (e.g., Brown et al., 20@@milton et al., 2017; Norman & Cooper, 2011),
our findings are consistent with explanations @&tkby dual process theories in which two pathways
to action are proposed: a reasoned route, modglétekeffects of the belief-based constructs from
the RAA mediated by intentions, and a non-consgibabitual route, represented by the effects of
past behavior (Hagger, 2016; Sheeran et al., 28tt&ck & Deutsch, 2004). Rather than both
processes operating simultaneously, a likely imetgtion of the coexistence of these two pathways i
that health behavior may be predominantly contdollg one of the processes, determined by

moderator variables such as type of populatiorebiakior.

A possible explanation for the past behavior efféctthe current synthesis of the RAA is that
they model implicit, non-conscious processes otttihéahavior. To speculate, past behavior effects
may reflect the influence of habits. However, Oeigdl and Wood'’s (1998) contention that habitual
behaviors tend to be those that individuals hagh bpportunity to perform in stable contexts, was
not supported in our behavior frequency moderatahyais. In fact, we found non-significant trends
of smaller effects of past behavior, and largee@# of intentions, on behavior in studies on high
frequency behaviors, findings which deviate fromn predictions. An explanation may lie in a recent
analysis demonstrating that the intention-behanatationship is curvilinear under the moderating

effects of past behavior (Sheeran et al., 201 #&®efan et al.’s findings suggest that past behavior
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has a stabilizing effect on the intention-behaveationship at moderate levels of behavioral
frequency. However, as behavioral frequency ina@gasdividuals are more likely to form habits and
the role of intentions is diminished. Our result@yntherefore, be indicative of the stabilizingeett

We stress that this is a speculative interpretafod current data did not permit us to verify eet
the intention-behavior relation follows a quadragtation with past behavioral frequency. It isoals
important to note that these interpretations asetd@n the strength of the effects alone and neist b

interpreted in light of a lack of formal differersce

Alternatively, the effects for past behavior eftert the RAA observed in the present study
may reflect the influence of behavioral ‘scriptstganized sets of information stored schematically
linking the action with cues and contexts builtthpugh repeated past experience (Abelson, 1981).
Implicit measures of social cognitive constructglsas implicit association tests and tasks meaaguri
accessibility of constructs, may provide a meardirectly tap beliefs representing this ‘scripted’
information (Gawronski, 2018; van Bree et al., 20T®sting whether implicit measures mediate
effects of past behavior on prospectively-measueadth behavior would provide evidence to
corroborate the contention that past behavior &ffexflect automatic, non-conscious processes, and

Is an important avenue for future research.
Study Limitations and Implicationsfor Practice

A number of limitations that affect inferences ayaheralizability of current findings should be
noted. Studies included in the current analysisevesclusively correlational in design. Such designs
do not permit the inference of causal relations rgnaariables in the model. Such inferences are
based on theory alone and alternative models teagtlausible empirically, if not theoretically, ddu
be proposed (Hagger & Chatzisarantis, 2016; Haggal., 2017a). Studies that test premises of the
RAA using cross-lagged panel designs, in whichystahstructs including behavior are measured at
multiple time points, are needed. Panel designddvyoermit prediction of variable change over time

and provide tests of directional and reciprocalttehs among constructs, particularly prediction of
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future behavior from intentions and past behaviifrcourse such designs are also correlational, so a
further alternative would be experimental and datienal designs which manipulate key variables in
the RAA and test effects of subsequent intentionskeehavior while controlling for past behavior.
Another alternative would be to use a quasi-expemniia design in which previous experience with
the behavior is varied, for example by testingRA&A in novice and experienced participants enroled
in a fitness center or exercise program. A furtmeitation was that most studies relied on selferep
measures of past and prospective behavior. Thilgely to introduce additional error variance into
the relations in the current synthesis due to sroit individuals’ ability to recall their behavias

well as a potential for selective reporting andialbcdesirable responding. In addition, self-repor
measures of past and future behavior usually atieptame format, and this similarity in
measurement is likely to inflate relations duedmmon-method variance. Research that adopts
objective direct or proxy measures for behavioudthtbe advocated to minimize bias. Another
limitation was the potential for a lack of corresdence between the RAA measures and behavioral
measures. RAA measures frequently tap beliefs regpect to behavioral engagement as a goal or
endpoint, while behavior is often measured usiegdency measures. This lack of correspondence
may introduce method variance to the effects (AjJ28&91). We recommend research testing the
moderation of model effects by the degree of cpwadence between RAA constructs and frequency
behavioral measures, and tests that compare mifeeiseusing frequency behavioral measures with
other behavioral measures such as recency ancefiegun context. Finally, effects among RAA
constructs in the present analysis were highlyaidei with wide confidence intervals and substantive
heterogeneity. Caution should be taken when drasamglusions on patterns of effects in the RAA

in the presence of high levels of heterogeneity.

Current findings have important implications fotarventions to promote and change health
behavior. One of the reported advantages of the BARat it allows greater precision in identifying

the factors most influential in predicting heal#thlvior. Greater precision means greater spegificit
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in identifying salient targets for intervention ati@ behavior change methods to modify them.
Differentiation of constructs in the RAA seems ®iimportant given that some factors (e.qg.,
experiential attitudes, capacity) have larger ¢fen behavior. These factors make viable targets f
intervention. However, attenuation of the effedtthese variables on behavior through intentions
when past behavior was included in the model mérmtthe potential impact of interventions
targeting RAA constructs might be muted. Howevegwledge of the pervasive effects of past
behavior may also inform interventions. While tfieets of past behavior do not highlight a specific
target for intervention, it indicates the needdelf-regulatory skills which may minimize or
circumvent habitual or non-conscious enactmenebiliors. Such skills may include cue
identification and management, and depending obéhavior, self-monitoring to manage potential
opportunities to act or minimize the threat of laggKleinjan et al., 2012; Marteau et al., 2012;

Miller & Thayer, 1988).
Conclusion

Extending McEachan et al.’s (2016) meta-analytt ¢ the RAA to include past behavior has
provided evidence that the RAA may not provide mprehensive account of health behavior beyond
previous experience. Our findings indicate that pakavior predicts prospective health behavior
directly, and indirectly, through the social cogretconstructs in the model, and attenuates theeesit
of intention and social cognitive factors on hedl#mavior. The current evidence seems to poira for
substantive role for habitual, automatic processgsesented by the direct effects of past behaior
health behavior. Current results do not, howevemlidate the RAA, the social cognitive constructs
in the model remain statistically significant alb@iore modest predictors. Although current research
indicates a possible role of behavioral frequersg anoderator of intention and past behavior effect
in the RAA, testing the moderating effects of otharables that likely determine whether behaviors
are controlled by habitual or reasoned processgs fehavioral recency, self-reported habit) ost pa

behavior-behavior and intention-behavior relatishsuld be a priority for future research.
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Table 1
Standardized Path Coefficients for Direct and Indirect Effects for the Meta-Analytic Sructural Equation Model (Stage 2) of the Reasoned Action

Approach Excluding and Including Past Behavior with Model Comparisons

Effect Model excluding past Model including past Model comparisons
behavior behavior
B LB Clgs B LB Clgs Baits” Clgs t° p
LL UL LL UL LL UL
Direct effects

Experiential attitude>Intention .296 244 347 245 .188 299  .052 -.024 127 1.339 .181
Instrumental attitude Intention .092 .033 150 .072 .009 135 .020 -.066 .106 0.457 .648
Injunctive norm-Intention .079 .037 119 071 .030 111 .008  -.049 .065 0.267 .790
Descriptive norm-Intention 151 .099 .202 .090 .034 144 061 -.014 136 1.593 111
Autonomy—Intention 032 -.041 101 022 -.054 .094 .010 -.092 112 0.199 .842
Capacity—~Intention 318 254 .383 .267 197 335 .051 -.043 145 1.056 .291
Autonomy—Behavior .034 -031 .098 .014  -.067 .092 .021 -.080 122 0.401 .689
Capacity—~»Behavior .106 .033 176 074 -.010 156  .032 -.076 .140 0.574  .566
Experiential attitude>Behavior .064 .017 .108 .024  -.032 .077 .040 -.031 11 1.095 .273
Intention—Behavior 370 .304 436 175 .075 265 .195 .081 310 3.316 .001
PB—Experiential attitude - - — 401 .353 450 - - - - -
PB—Instrumental attitude — - - .290 229 .350 - - - - -
PB—Injunctive norm - - - .265 230 .300 - - - - -
PB—Descriptive norm - - - .338 .285 391 - - - - -
PB—Autonomy - - - 224 124 325 - - - - -
PB—Capacity - - - .398 .333 462 - - - - -
PB—Intention - - — 272 197 344 - - - - -
PB—Behavior - - - 412 317 .509 - - - - -

Indirect effects

Experiential attitude>Intention—Behavior 110 .085 138 .043 .018 .070 .067 .030 .104 3.516  .000
Instrumental attitude>Intention—Behavior .034 .012 .057 .013 .001 .029 022 -.005 .048 1.596 110
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Injunctive norm-Intention—Behavior .029 .014 .045 .012 .004 .024 017 -.002 .035 1.762 .078
Descriptive norm-Intention—~Behavior .056 .035 .080 .016 .005 .032 .040 .014 .066 2972 .003
Autonomy—Intention—Behavior 012 -.015 .038 .004  -.010 .018 .008 -.021 .037 0.521 .602
Capacity~Intention—Behavior 118 .088 154 .047 .020 .077 .067 .030 104 3.516 .000
PB—Experiential attitude>Intention—Behavior - - - .017 .007 .028 - - - - -
PB—Instrumental attitude>Intention—Behavior - - - .004 .000 .008 - - - - -
PB—Injunctive norm-Intention—Behavior - - - .003 .001 .006 - - - - -
PB—Descriptive norm-Intention—~Behavior - - - .005 .002 .011 - - - - -
PB—Autonomy—Intention—Behavior - - - .001 -.003 .004 - - - - -
PB—Capacity~Intention—Behavior - - - .019 .008 .032 - - - - -
PB—Autonomy—Behavior - - - .003 -.020 .017 - - - - -
PB—Capacity~Behavior - - - .029 -.004 .058 - - - - -
PB—Experiential attitude>Behavior - - - .010 -.014 .029 - - - - -
PB—Intention—Behaviof - - - .047 .023 .072 - - - - -

Total effects

Autonomy—Behaviof .046 -.017 107 017 -.067 .099 .029 -.074 31 0.548 584
Capacity»Behaviof 224 .166 .282 121 .040 197 .103 .007 .200 2.074 .038
Experiential attitude>Behaviof 173 134 211 .067 011 A17 107 .042 72 3.193 .001
PB—Social cognitior>Behaviof - - ) 138  .098 177 - - - - -
PB—Behaviof - - - 551 .488 .613 - - - - -

Correlation§

Experiential attitude>Instrumental attitude A74 436 512 .358 .309 405 .116 .055 A77 3.720 .000
Experiential attitude>Injunctive norm .333 .304 .362 227 192 261 .106 .061 152 4583 .000
Experiential attitude>Descriptive norm .282 .253 311 146 .108 184 .136 .088 .183 5.595 .000
Experiential attitude>Autonomy 229 181 276 .140 077 201 .089 011 .166 2.232 .026
Experiential attitude>Capacity 453 410 497 .296 242 349 157 .088 .226 4.456 .000
Instrumental attitude>Injunctive norm .382 .350 415 .306 .268 343 .076 .026 126 3.001 .003
Instrumental attitude-Descriptive norm 221 A77 .266 124 .073 174 .098 .030 165 2.837 .005
Instrumental attitude-Autonomy 229 182 276 .164 105 220  .065 -.009 .140 1.731 .084
Instrumental attitude-Capacity .340 .299 .382 224 A71 276 .116 .049 .183 3.391 .001

Injunctive norm-Descriptive norm .386 .338 434 .296 .245 347 .089 .019 .159 2499 .012
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Injunctive norm-Autonomy 178 .140 216 118 071 165 .060 .000 120 1.948 .051
Injunctive norm—Capacity 292 .256 .329 .186 142 229  .107 .050 163 3.704 .000
Descriptive norm>Autonomy 160 110 .209 .082 .019 144 077  -.002 157 1903 .057
Descriptive norm»Capacity 245 .169 .320 .097 .015 180 .148 .036 .259 2.589 .010
Autonomy—Capacity .390 .320 460 .303 221 .383 .087 -.020 194 1.597 .110

Note. B = Standardized path coefficieht3 Clgs = Likelihood based 95% confidence interddl; = Lower limit of Clgs; UL = Upper limit of
Clgs; Clgs = Conventional 95% confidence intervdix = Difference in standardized path coefficient; £Bast behaviofModel comparisons
made using Schenker and Gentleman’s (2001) ‘stdndathod’ using confidence intervals about the naeHiarence derived from Wald
standard error&jndirect effect of past behavior on behavior thiwimgention only*Total effect including direct and indirect effectptal

indirect effect of past behavior on behavior exaigddirect effectfCorrelations among residuals of the predictorsitefrition, decreases in the
size of these correlations with the inclusion adtdzehavior indicates that shared variance indbgluals of the constructs is accounted for by

past behavior.
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Figure 1. Proposed model tested in path analysis of medabAam correlations of the reasoned action apprdachealth behavior excluding past

behavior.
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Figure 2. Proposed model tested in path analysis of meabAan correlations of the reasoned action apprdachealth behavior including past

behavior.
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Highlights

We tested effects of past behavior in the reasoned action approach for health behavior
Effects were tested using meta-anal ytic structural equation modeling

Effects of intention and socia cognitions on behavior were attenuated by past behavior
Behavior frequency, behavior type and measurement lag did not moderate model effects

Past behavior effects may model hon-conscious processes in the model
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