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Abstract
Excess consumption of added dietary sugars isscetatmultiple metabolic problems and adverse healt
conditions. Identifying the modifiable social cotimeé and motivational constructs that predict sugar
consumption is important to inform behavioral intartions aimed at reducing sugar intake. We tested
the efficacy of an integrated dual-process, dualspimodel derived from multiple theories to predict
sugar consumption. Using a prospective design.ausity students (N = 90) completed initial measures
of the reflective (autonomous and controlled mdtorg intentions, attitudes, subjective norm, pesee
behavioral control), impulsive (implicit attitudesplitional (action and coping planning), and bébeal
(past sugar consumption) components of the proposetel. Self-reported sugar consumption was
measured two weeks later. A structural equationehaVealed that intentions, implicit attitudesgdan
indirectly, autonomous motivation to reduce sugarscimption had small, significant effects on sugar
consumption. Attitudes, subjective norm, and, iedlty, autonomous motivation to reduce sugar
consumption predicted intentions. There were nectsfof the planning constructs. Model effects were
independent of the effects of past sugar consumplibe model identified the relative contributian o
reflective and impulsive components in predictinga consumption. Given the prominent role of the
impulsive component, interventions that assistvialdials in managing cues-to-action and behavioral

monitoring are likely to be effective in regulatiaggar consumption.

Key words. sugar intake; intentions; implicit attitudes; esflive-impulsive model; model of action

phases; action planning
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In the context of a global pandemic of obesity assiociated chronic illnesses including diabetes,
cardiovascular disease, and certain cancers, thacinof high intake of dietary sugar is a principal
concern (Swinburn et al., 2011). Research hasanelicthat consumption of added sugars in the idéet (
sugars added to foods during preparation or protgssr added at the table; Johnson et al., 2609) i
related to a number of metabolic problems and advieealth conditions, and is considered a majdoifac
contributing to a positive energy balance and weggin (Malik, Popkin, Bray, Despreés, & Hu, 2010).
This has led health organizations to publish recemhations for reductions in the intake of addetiadye
sugars (Johnson et al., 2009; WHO, 2015). For elgrtipe American Heart Association recommends
that no more than 100 calories per day (equivateabout 6 teaspoons of sugar) for women and 150
calories per day (about 9 teaspoons of sugar) &r should be taken as added sugars (Johnson et al.,
2009). In response to the proliferation of evidehigilighting the need for dietary sugar reduciiothe
prevention of chronic illnesses and conditionseaeshers have begun to explore the determinants of
dietary sugar intake, particularly the psycholobared behavioral factors (e.g., de Bruijn & van den
Putte, 2009; Naughton, McCarthy, & McCarthy, 20d&n der Horst et al., 2007). The goal of such
research is to provide formative evidence thathmnsed as a basis for effective behavioral intdéroes
to reduce sugar intake. The research has idenbgdédf-based factors from social cognitive thewseach
as attitudes, intentions, and perceived contraing®rtant in predicting sugar consumption. However,
research adopting these theories has indicatedhéaexplain modest variance in sugar consumption,
and fail to account for the multiple factors andgasses that underpin sugar consumption (Tak,et al.
2011; van der Horst et al., 2007). In the currémdly, we aim to extend this research by testing the
efficacy of an integrated theoretical model in jpcadg dietary sugar consumption. Recognizing that
intake of dietary sugar may not be solely deterahimg conscious, reflective processes, the modél wil
account for the non-conscious, impulsive processdead to sugar consumption (c.f., Keatley, Kdar
& Hagger, 2012; Perugini, 2005; Presseau et al420Ne also aim test the role that volitional msses
(e.g., planning) have in predicting individualsetwact their intentions.

Dual-Process M odels of Health Behavior
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A common assumption of the social cognitive andivatibnal theories applied to predict health
behaviors (e.g., theory of planned behavior, samgiitive theory, health belief model) is thatiaetis
determined by a deliberative process (Biddle, HagQkatzisarantis, & Lippke, 2007; Conner &
Norman, 2015). The theories assume that individaeti®n the basis of evaluating the available
information regarding future courses of action (eagighing up perceived costs and benefits) ankema
decisions accordingly. Other motivational approachiech as self-determination theory (Deci & Ryan,
2000) also assume that actions are based on cassiitiberation. The theory predicts that individua
will be motivated to act if the behavior is peragvas servicing some sort of desired or personally-
relevant need. Syntheses of research has demewalsthatt constructs from these social cognitive and
motivational theories (e.g., internal and extemativation, intentions, attitudes, subjective noself-
efficacy, risk perceptions) have typically accouhter non-trivial variance in behavior across nuousr
domains (McEachan et al., 2016; Ng et al., 2012hRBrandes, Mullan, & Hagger, 2015). Nevertheless,
effect sizes of the salient predictors on behavére been modest, with substantive variance invheha
remaining unexplained. Furthermore, there is evddghat measures reflecting factors related to non-
conscious, automatic processes such as past bebhadself-reported habit and automaticity accdont
substantive variance in health behavior independtkthte constructs from social cognitive and
motivational theories (Allom, Mullan, Cowie, & Haltan, 2016; Arnautovska, Fleig, O’Callaghan, &
Hamilton, 2017; Gardner, 2015).

These findings are consistent with dual-processribg in which behavior is viewed as a function
of conscious, reflective processes that involvébeehtion over a course of action, consistent with
constructs typically identified in social cognitimed motivational theories, and non-conscious EsEe
that reflect impulsive, spontaneous pathways tmadhat operate beyond an individual’'s awareness
(Evans & Stanovich, 2013; Sheeran, Gollwitzer, &da 2013; Strack & Deutsch, 2004). The non-
conscious processes likely reflect well-learnedgoas of action that are driven by organized knogyée
structures or ‘schema’ activated by the cues otexds linked to the behavioral response in memory.
Such knowledge structures may be represented bijcittypheld attitudes or beliefs toward particular

concepts or actions. Research has demonstratechéaaiures of implicit beliefs, such as the implicit
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association test (IAT; Greenwald, Nosek, & Ban2(i03), have independent effects on behavior intiheal
contexts when included in predictive models alodgsixplicitly-measured constructs that reflect
deliberative, reflective processes (Keatley et24l12; Perugini, 2005; Sheeran et al., 2013). Such
research has provided new insight into the relatomributions of the explicit and implicit constig
that determine action. Importantly, behaviors Eeging highly palatable foods, such as those high i
sugar, are reinforced over time through endogemn®ward systems via the dopaminergic pathways in the
mesolimbic system in the brain. They are therefooee likely to be determined by non-conscious,
impulsive pathways (Stice, Figlewicz, Gosnell, lreyi & Pratt, 2013). Drawing from this research, we
aim to examine the extent to which implicit attiésdoward sugar, which reflect the impulsive
determinants of behavior, impact sugar consumpti@aamodel that incorporates constructs represgntin
both explicit and implicit processes.
Motivational and Volitional Components of Action: Dual-Phase Models

Research applying social cognitive and motivationatlels in health behavior has identified a
shortfall in the strength of the relation betwestentions and behavior (Orbell & Sheeran, 1998;deis0
& de Bruijn, 2013). While intention-behavior relais are often non-trivial in size and statistically
significant, the size of the relation is often msidadicating that many individuals may not enaet t
health behavior even though they intend to do sb€D) 2004). Dual-phase models such as the mddel o
action phases (Heckhausen & Gollwitzer, 1987) agalth action process approach (HAPA; Schwarzer,
2008) propose that volitional processes such ampig may help ‘bridge the gap’ between intentions
and behavior. Such processes are proposed to acpast-decisional’ manner in a volitional phalsatt
follows the motivational phase. For example, thelet@f action phases suggests that individuals who
furnish their intentions with specific action planstating when and where the behavior will be ez@ct
are more likely to act on their intentions. In thése, the plans serve to moderate the intentibaver
relationship. According to the HAPA, action plaakng with coping plans that focus on managing

potential barriers and setbacks, explain why inbestresult in behavioral enactment. In this cse,

!Action plans and implementation intentions are dietly conceptualized with identical content (Hag@id.uszczynska,
2014). For the purpose of the current article, estder them synonymous.
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RUNNING HEAD: An Integrated Dual-Process, Dual-Rh&&odel of Sugar Consumption 6
plans serve as mediators of the intention-behaelationship. Research has supported the moderating
and mediating roles for planning in health behawesearch providing confirmatory support for thiero
for volitional processes in explaining and modityithe effects of intention on action (e.g., Haggfeal.,
2016; Zhou et al., 2015). Researchers have, thesdiegun to incorporate volitional components in
integrated dual-phase models that aim to providenaprehensive account of the motivational and
volitional processes that lead to action. In theent research we aim to incorporate planning cantt
that represent volitional processes in the duakelaoproaches alongside intentions in a comprehensi
integrated account of the factors that impact @qasgonsumption.
Proposed Integrated Model and Hypotheses

The aim of the current study was to test an integrdual-process, dual-phase model derived from
multiple theories to predict sugar consumption gample of university students. The proposed misdel
presented in Figure 1 and hypothesized relatiormngmodel constructs are summarized in Table 1. The
motivational phase comprises hypotheses derived fesearch integrating self-determination theory
(Deci & Ryan, 2000) and the theory of planned béralAjzen, 1991). Conceptual (Hagger &
Chatzisarantis, 2014) and meta-analytic (Haggeh&t@sarantis, 2009) reviews have supported the
complementarity of these two theoretical approaamesplaining motivated behavior in health consext
Self-determination theory, as an organismic, ndesed approach, provides a basis for the origiheof
proximal belief-based determinants of motivatedoactrom social cognitive models. The theory of
planned behavior is a specific form of the reasamibn approach (Fishbein & Ajzen, 2009; McEachan
et al., 2016), a generalizable social cognitiverapgh that identifies the proximal, belief-baseédactors
of intentional behavior. According to the integchtgproach, individuals are likely to align thedlibfs
about conducting a target behavior in future, sagkthose from the theory of planned behavior,&f th
behavior is perceived as servicing outcomes ooastiikely to satisfy the psychological need for
autonomy (i.e., to feel as if one’s actions aréeetlorsed and volitional) from self-determinatibeory.
Research adopting the integrated approaches havienced that forms of motivation from self-
determination theory serve as distal predictorthefsocial-cognitive antecedents of action from the

theory of planned behavior (Hagger & Chatzisara@9). In the current context, autonomous
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106  motivation to reduce sugar consumption is expetigubsitively predict intentions to reduce sugar
107  consumption mediated by attitudes, subjective namd, perceived behavioral control. Controlled
108 motivation is expected to indirectly and positivehgdict intentions through subjective norm, but no
109 attitudes and perceived behavioral control. Integito reduce sugar consumption are expected to
110 mediate effects of the motivational orientationd attitudes, subjective norm, and perceived behalvio
111  control on future sugar consumption. The volitioplahse encompasses hypotheses from the model of
112  action phases (Heckhausen & Gollwitzer, 1987) &aerdHAPA (Schwarzer, 2008). Specifically, action
113  planning is expected to moderate the intention4sagasumption relationship consistent with the nhode
114  of action phases, and action planning and copiagmihg are expected to mediate the effect of iriaat
115 on sugar consumption consistent with the HAPA. hakgether, these hypotheses encompass the
116  explicit components that determine action throughsciously-mediated, reflective processes. We also
117  predict that implicit attitudes toward sugar witegict sugar consumption independent of the
118  motivational constructs, and there will be no effeaf implicit attitudes on intentions, consistevith
119  hypotheses from the reflective impulsive modeld8tr& Deutsch, 2004). Model effects are expected to
120  hold when controlling for past sugar consumptiore &pect a simultaneous test of the proposed
121 network of relations among model components tolekopod fit with the data. Results will demonstrat
122  the relative contribution of that constructs frdme two phases (motivational and volitional) and two
123  processes (explicit and implicit) make in predigtsugar consumption.
124 Method
125  Participants, Design and Procedure
126 Participants were students studying at two unitiessin Australia. Students were recruited via an
127  online pool of research study participants andegitbceived course credit or an opportunity to reate
128  prize draw to win department store vouchers fotigpation. The study received approval from the
129 institutional review boards of each university. Wgpective correlational design was used with
130 participants completing study measures in an iddtaoratory visit (T1). Participants completedofidw-
131  up survey containing behavioral measures at a siggoint in time (T2), two weeks later.

132
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133 Table 1. Summary of hypothesized direct and indirect eff@ctthe integrated dual-process, dual-phase

134 model for sugar consumption.

Hypothesis  Independent variable Dependent variable Mediator(s) Predictich
Explicit processes, motivational phase
H;: SDT motivation»Social cognitive constructs
Hiz Autonomous motivation Attitude - Effect (+)
Hip Autonomous motivation Subjective norm - Effect (+)
Hi. Autonomous motivation Perceived behavioral control - Effect (+)
Hig Controlled motivation Attitude - No effect
Hie Controlled motivation Subjective norm — Effect (+)
Has Controlled motivation Perceived behavioral control — No effect
H,: Social cognitive variablesintention/Behavior
H.. Attitude Intention - Effect (+)
Hap Subjective norm Intention — Effect (+)
H,. Perceived behavioral control Intention - Effect (+
Haqg Intention Sugar consumption - Effect )
Hs: Social cognitive variablesintention—Behaviour
Hsa Attitude Sugar consumption Intention Effect (-)
Hap Subjective norm Sugar consumption Intention Effect )
Hac Perceived behavioral control Sugar consumption entndn Effect ()
H,: SDT motivatiorr* Social cognitive variablesintention/behavior
Hia Autonomous motivation Intention Attitude Effect (+)
Subjective norm
Perceived behavioral control
Hap Controlled motivation Intention Attitude Effect (+)
Subjective norm
Perceived behavioral control
Hac Autonomous motivation Sugar consumption Attitude Effect )
Subjective norm
Perceived behavioral control
Intention
Hag Controlled motivation Sugar consumption Attitude Effect )
Subjective norm
Perceived behavioral control
Intention
Hs: Past behaviourAll variables
Hsa Past sugar consumption Attitude - Effect (-)
Hsy, Past sugar consumption Subjective norm - Effect ()
Hs. Past sugar consumption Perceived behavioral dontro - Effect ()
Hsq Past sugar consumption Autonomous motivation - Effect ()
Hse Past sugar consumption Controlled motivation - Effect ()
Hs; Past sugar consumption Intention - Effect ()
Hsyq Past sugar consumption Action planning - Effect )
Hsh Past sugar consumption Coping planning - Effect )
Hs; Past sugar consumption Sugar consumption - Effect ()
Hs; Past sugar consumption Implicit attitude - Effeot
Hsy Past sugar consumption Action planning - Effect )
Hs, Past sugar consumption Coping planning - Effect ()
Implicit processes, motivational phase
He: Implicit attitude— Intention/behavior
He: Implicit attitude Intention - Effect (+)
Hep Implicit attitude Sugar consumption - Effect ()
Hec Implicit attitudes Sugar consumption Intention Effect ()
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Explicit processes, volitional phase
H-: Intention~Planning

H-. Intention Action planning — Effect (+)

Hzp Intention Coping planning - Effect (+)
Hg: Planning~Behavior

Hsa Action planning Sugar consumption - Effect ()

Hsp Coping planning Sugar consumption — Effect ()

Hsc Action planning x Intention Sugar consumption - Effect ()
Hg: Intention—Planning»Behavior

Hoa Intention Sugar consumption Action planning Effect )

Hob Intention Sugar consumption Coping planning Effect )

135 Note. SDT = Self-determination theoriDenotes whether the hypothesis specifies a pogitiveffect, a
136  negative (-) effect, or no effect.

137

138 At T1 participants completed a survey containinfisport measures of psychological and

139  behavioral constructs and questions capturing dempbic characteristics. They also completed an

140 implicit association test (IAT) measuring their it preference for sugar. The IAT was conductea i
141  sound-proofed research laboratory on a personagpatanwith the task administered using the

142 SocialScl™ experimental software. Participants’ data acras$ ¢ime points was anonymized and

143  matched across time points using a unique cod¢ifdercreated by the participant. We conducted a
144  statistical power analysis to provide an estimatii® minimum required sample size to test our psepol
145 model. Our estimate was based on the smallest eegeffect size among the psychological predicbbrs
146 the key dependent variable in the model: self-reggbsugar consumption at T2. Research applyingkoci
147  cognitive models such as the theory of plannedwiehand HAPA in the context of eating behaviors
148 have typically identified medium-sized effects otml cognitive variables (e.g., intentions, sdffeacy)
149  on behavior (e.g., McDermott et al., 2015), whdeearch examining effects of implicit attitudes on

150 behavioral outcomes in similar contexts have indidamall effect sizes (e.g.= .25, Pavlov, Zezelj,

151 Marinkovi¢, & Susevi¢, 2016;r = .22, Perugini, 2005)We therefore used the aggregate effect size for
152 implicit attitudes across the latter studies cotecto Cohen’$” as the input effect size for our power
153 analysis. We expected this to provide the most@awmasive minimum sample size estimate for testiag o

154 model. We computed our minimum sample size usiedaPower program (Faul, Erdfelder, Lang, &

155  Buchner, 2007) for a linear multiple regressionlgsia with eight predictors, with the effect siZ® et

’As there have been no previous studies examinfiegtsfof implicit attitudes towards sugar on sugarsumption, we
focused on studies examining closely-related behaws sources of potential effect sizes inclugirederence for candy
(sweets) over fruit (Pavlo¥iet al., 2016) and preferences for snacks over ({ir@rugini, 2005, Study 2).
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at 0.07, statistical power set at .80, and alphadt at .05. The analysis yielded a minimum sarsizie
estimate of 90.

M easures

Psychological constructs were measured on prewieuadidated psychometric instruments
developed using standardized guidelines (Ajzen32Byan & Connell, 1989) adapted to make reference
to the target behavior in the current study. Detaflthe measures are provided next and a fubfsegms
and responses to scales are available in Appendsxipplemental materials). Items from each instmtme
were used as indicators of latent variables repteggeach model construct in a structural equation
model. Participants were initially presented withriten definition of foods and beverages withhig
added sugar content. High added-sugar foods aretdoges were defined as those containing more than
22.5 grams (4.5 teaspoons) of sugar per 100 griems & Nelson, 2014). Participants were then
provided with a list of high-sugar food types wiithstrative examples: full-sugar soft drinks (rabét),
sweets and candies, buns, pastries, pies, cakddgespbiscuits, chocolate snack bars (e.g., Sregke
desserts (e.g., ice-cream), and other items wide@dugar (e.g., breakfast cereals, ketchup, jachs a
sugary spreads). They were asked to consider ¢fitsition when responding to subsequent surveystem
and think about the next two weeks.

Sugar consumption. The target behavior was dietary sugar consumpute@n a two-week period.
Participants were asked to report their consumpifdrigh-sugar foods and beverages over the prsviou
two weeks at T1 and T2 on two items reflecting gelhsugar intake (e.g., “In the course of the Rast
weeks, how often have you consumed foods or begerdgt are high in sugar?”) and four items
reflecting sugar intake from specific high-sugavdatems (e.qg., “During the last 2 weeks, | consdme
full-sugar soft drinks”). Items were based on fd@juency questionnaire items used in previous
research on sugar consumption and foods high iacaddgar (Naughton et al., 2015).

Intention. Intentions to limit consumption of high-sugar foaisl beverages in the next two
weeks was measured on a single item (“I try hamvtmd consuming foods and beverages that are high

in sugar”).
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Attitude. Attitude towards limiting consumption of high-sudgaods and beverages was assessed
on four semantic differential items (e.g., unpledgaeasant) using a common stem: “For me, avoiding
consuming foods and beverages that are high irr saigd
Subjective norm. Subjective norm was measured on four items asgehksiv likely significant
others would want the individual to reduce thetake of high-sugar foods and beverages (e.g., “Most
people who are important to me would want me tacagonsuming foods and beverages that are high in
sugar”).
Perceived behavioral control. Perceived behavioral control was assessed ontiusirelating
to control beliefs over intake of high sugar foaasl beverage®.g., “How much personal control do
you have in avoiding consuming foods and bever#dgssare high in sugar?”).

Autonomous and controlled motivation. A measure of autonomous and controlled reasons for
reducing consumption of high-sugar foods and bgesavas developed based on Ryan and Connell’s
(1989) measure. Participants were presented witimanon stem: “I avoid consumption of high-sugar
foods and beverages because...” followed by six reasglating to autonomous (e.g., “...I like to avoid
consuming sugar”) and controlled (e.g., “...othersildde angry at me if | did not.”) motives.

Action and coping planning. Action and coping planning were measured by thesas each
assessing the extent to which participants plammedoid high-sugar foods and beverages in the next
two weeks (action planning; e.g., “I have alreathnped on how | want to avoid consuming foods and
beverages that are high in sugar”) and planne@abwlith setbacks (coping planning; e.g., “I have
already planned what to do if something interfavélh my plans.”).

Implicit attitude. Implicit attitude towards sugar were measuredgigisingle-category implicit
association test (SC-IAT; Karpinski & Steinman, @Pp@eveloped for the current study. The SC-IAT was
thought to be the most appropriate measure asthettcategory (sugar) had no clear opposing catego
which is necessary for measures using the traditiigT. Iltems representing the target categorjhi t
SC-IAT were selected from a pool of candidate wandd synonyms identified in a thesaurus search that
were considered representative of the word ‘sudf@rms for the attribute categories comprised pasit

and negative word sets used in previous IATs. Iteanthe target and attribute categories are pexvia
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Table 2. The SC-IAT included five blocks of triaBlocks 1, 2, and 4 were practice blocks consisting
20 trials. Blocks 3 and 5 were the test blocks aosimmy 72 trials. The practice blocks were to faamize
participants with the response keys and requireticgzants to respond to the positive and negative
attribute categories only using the keyboard. mt#st blocks, participants were presented withste
from the target category and were required to mtttem with the appropriate positive or negative
attribute category. Response latencies for eaomwere logged by the computer. Averaged response
latencies for items in blocks 3 and 5 were usembtapute thd measure of implicit attitudes toward
sugar consumption using Greenwald et al.’s (20@®yoved scoring algorithm, with lower, negative
scores representing stronger attitudes.

Table 2. Items used in single-category implicit associatiest as a measure of implicit attitudes toward
sugar

Target category item Positive attribute categaegng  Negative attribute category items

Sugar Smile War
Syrup Love Crime
Candy Friend Hate
Sucrose Trust Torture
Glucose Fun Murder
Honey Happiness Lies
Lolly Relax Disease
Caramel Joy Death
Bonbon Beautiful Horrible
Icing Pleasure Painful

Demographic variables. Participants self-reported their age in yearsdgensmoking status,
University degree type, weight in kilograms, heighinetres, ethnicity, and the highest educatioelle
attained by their parents. These data were usdddtribe the sample and to test for variationsime
composition due to attrition. As we aimed to exaartime unique effects of the theory-based factors on
sugar consumption independent of socio-demogrdphbiors, we also planned to control for age, gender
and body mass index (BMI) in our main analysish@s¢ demographic factors are likely to correlat@ wi
health behaviors (e.g., Lo, Waller, Vrinten, Kobslyia& von Wagner, 2015; Mesters, Wahl, & Van
Keulen, 2014). Research has indicated the impogtahsocial cognitive and motivational factors

predicting health behavior beyond the effects afesoemographic variables (Smith et al., 2016; von
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Wagner, Good, Whitaker, & Wardle, 2011), and sts@eamining social cognitive predictors of sugar
consumption (e.g., Tak et al., 2011; van der Hetrstl., 2007) have typically controlled for theaetbrs.
Data Analysis

We used variance-based structural equation mod@#BgSEM) to test our hypothesized model.
VB-SEM is similar to covariance-based SEM, butasdd on ranked data and is therefore distribution-
free and is less affected by model complexity, damjze, or departures from normality. Models were
estimated using the Warp PLS v5.0 software (Ko®i#,5). Missing data were treated using stochastic
hierarchical regression imputation. Items fromitieasures of the psychological and behavioral
constructs were set as indicators of latent vagmbAll paths among constructs detailed in Figuaad
the hypotheses listed in Table 1 were specificfiesparameters in the model. In addition, we
statistically controlled for the effects of agender, and BMI by releasing free parameters betvieese
variables and all variables in the model.

Validity of the proposed measures was assessebtdgrang the parameters of the measurement
aspects of the SEM. The loading of each indicatoitorespective latent factor were expected teesc
.700. Composite reliability coefficients)(and average variance extracted (AVE) statistitgch test the
sufficiency of scale items as indicators the latentables and whether the items account for Sefiic
variance in the factor, both indicators of condtmadidity, were expected to exceed .700 and .500,
respectively. Overall model fit was evaluated usimgltiple criteria: the goodness-of-fit (GoF) indexh
values of .100, .250, and .360 corresponding tdlsmadium, and large effect sizes, respectiveig, t
average path coefficient (APC) and the averagéARS), both of which should be significantly diféat
from zero for an adequate model, and the averag@ne® inflation factor for model parameters (AVIF)
statistic, with values less than 5.000 indicatingedi-fitting model (Kock, 2015). Model parameter
estimates and standard errors were computed usiiguat bootstrap resampling method with 999
replications of the model in samples drawn frond aqual in size to, the actual sample.

Results

Participants and attrition analyses
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Twenty-one participants dropped out of the studgrafompleting the initial survey at T1 resulting
in a final sample of 90 participants. Demograpltiaracteristics of the sample at the two time paanés
presented in Appendix B (supplemental materialfyithon analyses indicated that there were no
significant differences in ag&{09) = 0.73p = .466,d = 0.14), gendenf(1) = 0.57,p = .451), BMI
(t(108) = 0.02p = .983,d < 0.01), degree typg{(1) = 0.48,p = .491), highest education level attained
by participants’ motherf(4) = 1.48p = .830) and father{(4) = 2.38p = .667), ethnicity(7) = 6.13,
p = .525), and levels of the psychological and baral/variables (attitude, subjective norm, pereeéiv
behavioral control, intention, autonomous motivaticontrolled motivation, action planning, coping
planning, IATD score, and past sugar consumption; Wilks’ Lambd22:+(9,101) = 0.99p = .457,d =
.19) between participants that dropped out of thdysand those that remained in the final sample.
Preliminary Analyses

Measurement model statistics from the VB-SEM coméid that the latent variables met criteria for
construct and discriminant validity. Factor loadirigr each latent factor exceeded the .700 criterio
supporting the validity of the factors. Compositel £ronbach alpha) reliability coefficients, AVE,
and intercorrelations for model variables are preesstin Table 3. Reliability coefficients exceedled
.700 criterion and alpha coefficients indicatedcaee internal consistency fange = .783 to 891). AVE
values approached or exceeded the recommendedritin. We estimated the reliability of the SC-
IAT separately using Karpinski and Steinman’s (20@®tocol. While the reliability coefficient (adjted
r = .48) was slightly lower than the average fondtad IATs (Schnabel, Asendorpf, & Greenwald,
2008), it was comparable to that attained for o8@fIATs (2006) and higher than reliabilities olveet
in other latency-based implicit measures (e.g.p@I& Fazio, 2003). Correlations among the latent
variables also indicated no problems with discraminvalidity. Goodness of fit statistics revealed
acceptable overall fit of the model with the dataaading to the multiple indices adopted (GoF Index

498; APC = .164p = .027, ARS = .32 < .001; AVIF = 1.176).
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281 for sugar consumption.

15

Table 3. Factor intercorrelations, composite reliabilifiead average variance extracted for latent vaggaiol the integrated dual-process, dual phase model

Variable AVE o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. Sugar consumption .481  .783 847

2. Past behavior 501 792 726" 855

3. Intention - - -337  -28¢ -

4. Implicit attitude - - -320  -161 .032 -

5. Attitude 691" 851 -345" 388" 4577 109 .899

6. Subjective norm 631 803 -.024 .059 379 119 206 872

7. PBC 755" 892 -328  -4157 306 170 574" 145 925

8. Action planning 81T .883 -248  -266 6357 .023 5517 319 4517 928

9. Coping planning 821 891 -244  -252 3927 067 364" -.027 439" 5447 932

10. Aut. motivation 546  .878 -362°  -300° 565~ .087 707" 287" 4877 5737 4677 905

11. Con. motivation ~ .465  .834 -.037 .024 235  .007 183 380 -.038 285 .091 445" 874

12. Gender - - .088 143 .058 -.046 -.062 016  6-.15 -.005 -.032 -.040 174 -

13. BMI - - .050 -.098 .106 .026 124 145 .033 1.18 -.111 -.010 -.014 -.301 -

14. Age - - -.188 -230 147 021 344 062 221 193 116 .195 -.091 -.169 318 —
282  Note. Composite reliability coefficients shown on piipel diagonal; AVE = Average variance extracted; Cronbach alpha coefficient; Past behavior =
283 Past sugat*consurrlption; PBC = Perceived behaworatfol; Aut. motivation = Autonomous motivationp@ motivation = Controlled motivation
284 p<.001 p<.01p<.05.

285
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Model Effects

Standardized parameter estimates for hypothesetations among model factors are presented in
Figure £. Overall, the model accounted for 29.6% of théarare in intentions to reduce sugar intake and
69.2% of the variance in sugar consumption. Tefstyjpothesized effects in the model outlined in[€ab
1 are reported in the next sections.

Explicit processes, motivational phase. We predicted effects of motives from self-deteration
theory on the social cognitive variables from theadry of planned behavior (H As predicted,
autonomous motivation had statistically significant positive direct effects on attitudes {H
subjective norm (i), and perceived behavioral control;{(H and controlled motivation had a significant
positive effect on subjective norm {§{ but no effect on attitudes (). Contrary to hypotheses, we
found a significant negative effect of controlledtimation on perceived behavioral controh{fiWe also
predicted that the social cognitive variables wquiedict intentions and behavior, consistent whin t
theory of planned behavior §H As hypothesized, attitudes ffHand subjective norm @g) were
significant positive predictors of intentions, lpgrceived behavioral control was not, leading ufect
this hypothesis (k). There was a significant negative effect of ititems on sugar consumption, as
predicted (Hg). We also predicted indirect effects of the soc@initive variables in sugar consumption
mediated by intentions @ There were significant negative indirect effeatsittitudes (H,;) and
subjective norm (k) on sugar consumption mediated by intentions edipied, but no indirect effects
of perceived behavioral control £l on sugar consumption, leading to a rejectiorheflatter hypothesis.
We also expected indirect effects of self-determimstives on intentions and behavior mediated by th
social cognitive variables @y We found a significant positive indirect eff@ftautonomous motivation
on intention mediated by attitudes, subjective nand perceived behavioral control consistent with
hypothesis (k). There was, however, no indirect effect of colfebmotivation on intention, so this
hypothesis was rejected {#1 There was a significant negative indirect effgfichutonomous motivation

(Hac) on sugar consumption consistent with our hypaghésit no indirect effect of controlled motivation

3Full parameter estimates including direct, indirectd total effects are presented in the tablegpehdix C (supplemental
materials).
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(Haq) On sugar consumption, so we rejected this hypmh®ast sugar consumption was a significant
predictor of the majority of the model variables pmedicted (l5); effects of past consumption on
subjective norm (kt), intention (Hy), and action planning @g were the exceptions.

Implicit processes, motivational phase. We predicted that implicit attitudes toward sugauld
predict intentions and sugar consumptiog)(MVe found a statistically significant negativeedit effect
of implicit attitudes on sugar consumptiong{} but no effect of implicit attitudes on intenti@Hs,) and

no indirect effect of implicit attitudes on sugansumption through intentions £

.............................................................................................

Volitional phase

Autonomous 642"

nor » ~
Motivation Attitude - Action
R : Planning
198 301 P :
.283" :
Subjective 268"
Norm
.005

Sugar
Consumption

Intention

b Coping .
b Planning
044\ | !

/063

E Perceived

: ’\CAo?trotl_led Behavioral

E otivation -.245 Control / |\l e e
5 19€

Implicit
Attitude

Figure 1. Standardized path coefficients for structural éigmamodel of relations among the integrated
dual-process, dual-phase model of sugar consumgibnariables depicted were measured at theahiti
laboratory visit (T1) with the exception of sugansumption, which was measured at follow-up two
weeks later (T2). Effects of control variables (dashavior, BMI, age, and gender) are not showthen
diagram. Intention, implicit attitudes, and the tohvariables (age, gender, BMI) were estimated as
single-indicator latent variables with their vagarfixed at unity. By convention, these constraces
represented by ellipses rather than rectangles . ederythese constructs are not considered “truehta
variables as their measurement error is not extipliciodeled (Kock, 2015).

Explicit processes, volitional phase. We expected intentions to predict the planningstacts
(H7). Intentions statistically significantly and paoggly predicted both action (i and coping planning
(H7p), as hypothesized. We also predicted that thenplgrnvariables, and their interaction with intentio
would predict sugar consumptiongdjH consistent with the model of action phases KHausen &

Gollwitzer, 1987). However, contrary to hypothegbsre were no effects of action planningdthnd
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coping planning (lgl), or their interaction (kt), on sugar consumption. We also hypothesizedtiieat
planning variables would mediate effects of intensi on sugar consumptiondjHconsistent with the
HAPA (Schwarzer, 2008). However, we found no inclieffects of intention on sugar consumption
mediated by action (g and coping (k) planning.

Discussion

The purpose of the current study was to test a celngmsive dual-process, dual-phase integrated
model derived from multiple theories to identifgtphrocesses that determine dietary sugar consumptio
The model proposed that sugar consumption is aiftmof conscious, deliberative processes
encompassed by motivational orientations and scomhitive beliefs from self-determination theonda
the theory of planned behavior, respectively, anpllsive, non-conscious processes represented by
implicit attitudes toward sugar. The model alsoga®ed that enactment of intentions is determined by
action and coping planning in a post-decisionaitaolal phase of action. Results indicated that
intentions to limit sugar intake, representing ribigective process of action, and implicit attitsdeward
sugar, representing impulsive processes, werefsigni predictors of sugar consumption. Intentions
were predicted by attitudes, subjective norm, amdlrectly, autonomous motives. There were no
significant effects for controlled motives and pgved behavioral control. There were also significa
indirect effects of autonomous motivation on sugarsumption through the social cognitive variables
and intentions, but not for controlled motivatiéetion planning and coping planning were predidbgd
intentions, but did not mediate the intention-bebiakelationship, and there was no interactive cftd
action planning and intention on sugar consumption.

Effects of intentions and implicit attitudes on beior implicate both reflective and impulsive
processes in the prediction of sugar intake. Thnsistent with dual process models of behaeigy. (
Evans & Stanovich, 2013; Hagger, 2016; Strack &tBehy, 2004) and previous research (e.g., Keatley et
al., 2012; Perugini, 2005; Presseau et al., 201at)iHas simultaneously investigated effects of both
processes in other health behaviors. Although tiserereased recognition of the importance of
accounting for both processes when predicting hdmhavior, the most salient emerging question from

such research is not whether the two processegpridt, rather, the relative contribution of ealththe
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360 context of sugar consumption, current evidencecetds that both processes are of equal importance.
361 Findings are consistent with previous researcthersocial cognitive predictors of behaviors related
362 sugar consumption, such as consumption of highrsafadrinks, which has identified the prominent
363 role of intentions, but also important contribusdnom variables reflecting impulsive processeshsas
364 self-reported behavioral automaticity (de Bruijrvé&n den Putte, 2009; Naughton et al., 2015; Tak et
365 2011; van der Horst et al., 2007). The currentystaghowever, the first to demonstrate the role fo
366 implicitly-held cognitions as a predictor of digtaaugar consumption in the context of a dual preces
367 model. Current findings are congruent with the etihat sugar consumption is an extremely rewarding
368 behavior regulated by well-learned behavioral pagieeinforced by dopamine-mediated pathways in the
369 mesolimbic system in the brain (Stice et al., 2018plicit attitudes toward sugar, therefore, reflthese
370 impulsive tendencies and are likely developed ¢vee through the rewarding experience of sugar
371 consumption. The intentional constructs to redwgasconsumption must, therefore, compete with
372 implicit beliefs in accounting for behavior.
373 It must, however, be stressed that the size oéfieets for both explicit and implicit constructs
374 were small. In addition, the majority of the expkd variance (35.1%) was accounted for by past
375 behavior. This shortfall in explanatory value of tturrent model could be attributed to construzs t
376 were not measured in the current research and ohatigical artifacts. Unmeasured constructs may be
377 other implicitly-held beliefs that may account f@riance in the behavior, such as self-control and
378 motives. They may also include individual differereonstructs that may have pervasive effects on
379 impulsive actions, such as impulsivity and selfulatpry capacity.
380 Intentions to reduce sugar consumption were a iomcif attitudes and subjective norm, and,
381 indirectly, autonomous motivation. This is consi$te&ith other research integrating self-determuorati
382 theory and the theory of planned behavior in headititexts (e.g., Hagger & Chatzisarantis, 2009;
383 Hamilton, Cox, & White, 2012). Current findings oalborate the importance of self-endorsed motives
384 that are congruent with the individual’s true seosself as the basis for the beliefs that deteemin
385 intentions. Individuals who hold personally-endarseotives to reduce dietary sugar are more likely t

386 align their attitudes and norms to reduce theiaswgnsumption in future, and more likely to intéad



387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

RUNNING HEAD: An Integrated Dual-Process, Dual-Rh&&odel of Sugar Consumption 20
do so. Controlled motives seem to have a less itaporole, consistent with research on self-
determination theory suggesting that such beliefdess likely to be related to uptake and mainteaa

of health behavior. Interestingly, perceived bebealicontrol was unrelated to autonomous motivation
and intentions to reduce sugar consumption. Thsagatrary to hypotheses, and the majority of nesea
in health behavior, which has typically providegpgart for the role of perceived behavioral control
predicting intentions (McEachan et al., 2016; Ratlal., 2015), including behaviors related to sugar
consumption (de Bruijn & van den Putte, 2009; Ndagtet al., 2015; van der Horst et al., 2007) him t
current study, it may be that effects of perceilgetavioral control were subsumed by other constrimct
the model. Correlations between perceived behadworarol and attitudes, past behavior, and the
planning constructs, in particular, were large mgmitude and statistically significant (see Table 3
which means any effects of perceived behavioralrobmay have been attenuated by these constructs.
The constructs that remained as predictors, thexefeflect those that account for unique variance
intentions to reduce sugar consumption.

It is important to note that the indirect effectsaatonomous motivation, attitudes, and subjective
norm on sugar consumption were relatively snfalahge = -.055 to -.063). While indirect effects ar
typically smaller than direct effects in multipleethator models, the main reason for the small effisc
the relatively modest effect of intentions on bebavAside from measurement limitations, the weak
intention-behavior effect may be due to the strangd pervasive influence of past behavior in modatt
sugar consumption was highly correlated with swgaisumptioni(=.718,p <.001; Table 3), had the
strongest effect on sugar consumption in the fimadlel, as well as significant effects on the mayaof
the other variables in the model, and accountedlfoost half of the explained variance in sugar
consumption. This should not be surprising givenrtiatively close proximity (two weeks) in the two
measures. Together, the strong and pervasive eibégiast behavior on sugar consumption likely
reduced the effect of intentions. The fact thatfewend independent effects for intention and implici
attitudes, and indirect effects of distal prediston the context of the strong effects for pastawor is
notable and indicates that, despite limitationthefcurrent study, our data support the predictalality

of our model in accounting for unique varianceuga consumption.
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In addition, while the volitional components ofiactand coping planning were related to
intentions, they had no mediation or moderatiorafivith intention on sugar consumption, despite
significant correlations between the planning measand sugar consumption (see Table 3). Thisrfgndi
may also be due to the pervasive effects for pagarsconsumption in the model. These limitations
notwithstanding, current results do not providedewce to support the role of volitional componémts
the effect of intention on sugar consumption. Ryt a role for planning in determining sugar
consumption may be premature based on these e, @&specially since the current model is a static
depiction of the decision-making process rathen thaynamic depiction that describes changes in
constructs over time. However, the current modeu&hprovide an initial basis to question the nplgti
roles of planning in the conversion of intentioasttion. And the current research is not the fost
question the role of planning, other research dasaled null effects and suggest that effectsarinhg
may vary by behavior type (e.g., Jackson et aDh2®eslot, Gauchet, Allenet, Francois, & Hagger,
2016).
Study limitations

The current research has numerous strengths ingyd) a focus on sugar consumption, a
relatively under-researched, but important, dietslgavior; (b) the adoption of an integrated dual-
process, dual-phase theoretical approach and ajguemeasures; and (c) a the use of confirmatory
analytic techniques to test model effects. Howethame are a number of limitations that should be
acknowledged. First, the relatively small effedis@rved between model variables may reflect prablem
with the methods used. For example, we used aesitegh measure of intentions, so we were unable to
estimate the reliability of this measure. Furtimeeasurement of behavior through a relatively tsetf
report measure is also an important limitationhaltigh many studies have adopted self-reported
behavioral measures in model tests in health behawentexts, corroboration through more
comprehensive diaries or tracking sugar intakegusoological momentary assessment (Carels,
Douglass, Cacciapaglia, & O'Brien, 2004) or phoapiic methods (Ovaskainen et al., 2007) may
provide more accurate estimates. In addition, aljhoour short-term follow up of behaviour (two wegk

had the advantage of maximizing participants’ fracabur self-report measure of sugar consumptioa,
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short-term follow-up should be recognised as arontgmt limitation as it did not enable assessmént o
long-term predictive validity. Using more comprebime measures of sugar consumption over an
extended period would provide effective evaluattbfong-term model effectiveness. It should also be
recognized that relations among the psychologiocastucts measured at T1 were based on theory alone
as the current design did not permit inferencedireictionality or causation (Hagger & Chatzisaranti
2016). Longitudinal designs, particularly paneliges that enable cross-lagged relations among model
constructs, are advocated in future tests to battesunt for the ordering and directionality ofeetfs in

the model.

A further caveat is that the variables includedum model were confined to those identified in
previous conceptual (Hagger & Chatzisarantis, 2@l empirical (Hagger & Chatzisarantis, 2009;
Keatley et al., 2012; Presseau et al., 2014) rekBearegrating motivational, volitional, and imptic
components. While there is increasing researchatipg such approaches, it is important to noté tha
they may not account for all processes or compaené&ior example, different types of self-efficacyan
risk perceptions identified in the HAPA (SchwarZ2Z008) and emotional processes (Conner, McEachan,
Taylor, O'Hara, & Lawton, 2015) were not consideM view the integrated model tested in the curren
study as a flexible framework to guide the idenéfion of the multiple components and processds tha
relate to health behavior. We hope the test wdljate impetus for future research that seeks tinéur
extend the model and integrate additional companéimally, we acknowledge that the final sampte si
was relatively small which may have affected ttadity of model parameter estimates and the pi@tis
of the standard errors. Our bootstrap resamplinigpodewith a large number of replications provided
robust parameter estimates and standard errorse¥wsuch simulation analyses should not be
considered a panacea for the need for large sasigae or true replications of model effects. We
advocate replication of the current findings irgker, more diverse samples, which may provide
converging evidence for the generalizability ofguweed pattern of effects in our model.

Conclusion
Current findings support the basic premises oihdéegrated dual-process, dual-phase model in

predicting dietary sugar consumption. Intentionsetduce sugar intake and implicit attitudes toward
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sugar were independent predictors of sugar consamp@tibeit with small effects. Results are coresist
with findings of other research that has appliedlat® incorporating multiple processes to explaialthe
behavior, and provide preliminary evidence for ¢batribution both reflective and impulsive processe
in predicting sugar consumption. Current findingewdd be viewed as preliminary given this is a kEng
study in a student sample. Corroboration of curedigicts should be considered a priority for future
research. Confirmation of consistent effects ofliaipattitudes as predictors of dietary sugar ketanay
have ramifications for the types of interventioikgly to be effective in regulating sugar consuropti
For example, environmental restrictions and selfitaoing may be effective means to control cue
presentation and restrict the enactment of autenbathavioral tendencies in behaviors that haveoagt

automatic component.
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