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Abstract

The study aimed to modify approach bias for headtty unhealthy food and to
determine its effect on subsequent food consumphioaddition, we investigated the
potential moderating role of impulsivity in the eft of approach bias re-training on food
consumption. Participants were 200 undergraduateemo(17-26 years) who were randomly
allocated to one of five conditions of an approagbidance task varying in the training of an
approach bias for healthy food, unhealthy food, mm-food cues in a single session of 10
minutes. Outcome variables were approach biasdaltliny and unhealthy food and the
proportion of healthy relative to unhealthy snao&d consumed. As predicted, approach bias
for healthy food significantly increased in the 6& unhealthy food/approach healthy food’
condition. Importantly, the effect of training onack consumption was moderated by trait
impulsivity. Participants high in impulsivity consied a greater proportion of healthy snack
food following the ‘avoid unhealthy food/approaataltthy food’ training. This finding
supports the suggestion that automatic processiagpetitive cues has a greater influence

on consumption behaviour in individuals with poelfsegulatory control.
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Impulsivity moderates the effect of approach biasliiication on healthy food consumption

The contemporary Western environment provides naatiexposure to an abundance
of unhealthy food cues through advertising on titernet, TV, billboards, and in magazines
(Havermans, 2013). An ‘obesogenic’ environmentleen linked to consuming too much
food high in fat, salt, and sugar, and not enougtt &nd vegetables (Hill & Peters, 1998).
Unhealthy eating behaviour is a key contributoth increasing rates of overweight and
obesity, which have doubled during the last fewadies (Cohen, 2008). It is estimated that
35% of adults can now be classified as overweigbtEHL % as obese (WHO, 2014a). Excess
body weight can lead to negative health conseqesioeh as cancer, cardiovascular disease
and diabetes (WHO, 2014b). Therefore, it is impdrta identify the mechanisms by which
exposure to appetitive food cues in the environmsantaffect unhealthy eating behaviour.

One such mechanism implicated in the developmeunnhbéalthy eating behaviour is
biased automatic processing of appetitive cuest@dar Hollands, & Fletcher, 2012). Recent
dual process models propose that two types of psirtg determine our behaviour: automatic
and controlled processing (Strack & Deutsch, 2084jomatic processing is fast, effortless,
and implicit, while controlled processing is slaeffortful, and explicit. Moreover, automatic
processing involves cognitive biases, such as proaph bias, which refers to an automatic
tendency to reach out toward (approach) rather thave away from (avoid) appetitive cues
in the environment (Wiers, Gladwin, Hofmann, Salekni& Ridderinkoff, 2013).

Approach biases exist for appetitive substancels asa@lcohol (Wiers, Rinck, Kordts,
Houben, & Strack, 2010) and unhealthy food (Brigr@tiffiths, Bradley, & Mogg, 2009;
Kemps & Tiggemann, 2015; Kemps, Tiggemann, Ma#iig|liott, 2013), and importantly,
have been linked to increased consumption of subktances (alcohol, Wiers et al., 2010;
unhealthy food; Kakoschke, Kemps, & Tiggemann, 2)1Bual process models posit that

controlled processes regulate the impact of autorpabcesses on behaviour; however, the
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ability to regulate such processes is influencethtdividual differences in self-regulatory
control. For example, impulsivity, which is ‘a geaktendency to act without deliberation’
(Hofmann, Friese, & Wiers, 2008, p. 113) may alknwomatic processes to exert a greater
influence on behaviour. Indeed, impulsivity predicttake of unhealthy food (Kakoschke,
Kemps, & Tiggemman et al., 2015b; Nederkoorn, Brdah Eijs, Tanghe, & Jansen, 2006).

Recently, researchers have begun to investigatéhehautomatic approach biases
for appetitive cues can be modified using a conmmed cognitive re-training paradigm. In
commonly used protocols such as the Approach-Avmed ask (AAT), participants are
instructed to respond to images by pushing or paill joystick. Responses are based on an
irrelevant feature (e.g., portrait or landscapenat), rather than the image content, to ensure
that the task captures automatic processing (Véteat, 2013). An avoidance of appetitive
substances can be trained using a modified AAThitlwthese response contingencies are
manipulated. Specifically, in ‘avoidance trainingtget (appetitive) images are consistently
presented in a format that requires them to bequigwvoided) and control images in a
format that requires them to be pulled (approached)ontrast, ‘approach training’ involves
the reverse contingencies, while what has beeregfsinam-training’ (a neutral or control
condition) involves equal approach and avoidandargfet and control images, which is the
same as the assessment version of the task.

Previous studies have shown that manipulating tiéirmgencies of the AAT can be
used to re-train approach bias for appetitive c8eecifically, research shows that training
can be used to successfully reduce approach hiadcfahol (e.g., Wiers et al., 2010; Wiers
et al., 2011) and chocolate (Schumacher, Kempsg&emann, 2016; Dickson, Kavanagh,
& Macleod, 2016). Furthermore, a single trainingssen can reduce consumption of alcohol
(Wiers et al., 2010) and chocolate (Schumachel,2@16) during a laboratory taste test. A

recent literature review concluded that approaels modification is an effective intervention
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for reducing approach biases for unhealthy substaand for discouraging the consumption
of alcohol, cigarettes, and unhealthy food (Kak&sctiKemps, & Tiggemann, 2017).

It is clearly possible to avoid unhealthy subséansuch as alcohol and cigarettes as
there is no biological requirement to consume thiéoad is a substance that is essential for
human survival, thus complete avoidance is notiptesdnstead, a healthy diet is about
developing the right balance between eating entweglthy food and not too much unhealthy
food. An approach bias modification protocol thatidtaneously encourages the avoidance
of unhealthy food and approach of healthy food teay itself best to promoting a healthy
diet. Moreover, interventions that not only dis@ge unhealthy behaviour, but also promote
healthy behaviour, are likely to be more attractine acceptable, an important consideration
for cognitive bias modification tasks (Wiers et @D13).

A few studies have examined approach bias re-trgim the healthy eating domain.

In an early study, Fishbach and Shah (2006, Styithathed participants to approach healthy
and avoid unhealthy food or to approach unhealtityavoid healthy food, the former of
which subsequently made healthier snack choicese Maently, Dickson, Kavanagh and
MacLeod (2016) compared ‘approach healthy foodidagbocolate’ training with ‘approach
chocolate/avoid healthy food’ training. Althoughpapach bias was re-trained as expected,
no group difference in chocolate consumption wamdb In another recent study, Maas,
Keijers, Rinck, Tanis and Becker (2015) found tagproach healthy/avoid unhealthy food’
training successfully modified approach bias, aiing behaviour was not measured. Finally,
Becker et al. (2015, Study 1) found no differenctéealthy snack choice between approach
healthy/avoid unhealthy food training and a congg@lup (sham-training). Thus, evidence for
the use of approach bias modification in the hgadtiting domain is relatively inconsistent.

One potential methodological explanation for theedifindings lies in the particular

comparison condition used. Similar to studies @olabl, Fishbach and Shah (2006, Study 5),



Impulsivity, approach bias modification, and congtion 5

who found a positive result, compared two extreraming conditions i.e., approach healthy/
avoid unhealthy food versus avoid healthy/appraatdtealthy food. In contrast, Becker et al.
(2015, Study 1), who did not obtain a significardup difference in snack choice (only for
successfully trained participants), compared apprdealthy/avoid unhealthy food training
with a less extreme condition (i.e., sham-trainifidjus, it appears that using a more extreme
comparison may result in significant differencegating behaviour. To date, no study has
compared all three conditions (i.e., ‘approachvoidance’, and ‘sham’ training).

In addition, the approach healthy/avoid unhealtigdftraining has two interwoven
components: approach healthy food; avoid unhedithg. To determine which component is
most important for effective re-training, we incaditwo further conditions. In one, approach
of healthy food was paired with avoidance of a fmod category, whereas in the other one,
avoidance of unhealthy food was paired with apgrada@ non-food category. Thus, in total,
the present study included five training conditissimultaneous approach of healthy and
avoidance of unhealthy food; a reverse trainingddan (i.e., simultaneous approach of
unhealthy and avoidance of healthy food); a cortooldition in which approach-avoidance
of healthy and unhealthy food was equal (i.e., straming); an avoid unhealthy food
(approach non-food) condition and an approach Imng&ttod (avoid non-food) condition.

A different kind of factor that may contribute teetobserved inconsistent effects of
approach bias re-training on food consumptiondsvidual differences, which might make
re-training differentially effective for differeqteople. In particular, individual differences in
aspects of self-regulatory control, such as tragulsivity, have been shown to moderate the
influence of impulses in general (Hofmann & Friea@08; Thush et al., 2008). Thus, trait
impulsivity may predict whether training promotessessful regulation of approach bias in
determining eating behaviour. To date, no studyaxasnined the potential moderating role

of trait impulsivity in the effect of approach biamdification on subsequent consumption.
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While it is possible that highly impulsive individis may have more difficulties in adopting
avoidance behaviour, and thus might benefit les® fthe training, we predicted that training
effects would be greater for highly impulsive indals. This prediction was based on the
idea that automatic processes likely play a mogomant role in consumption for those who
have poor self-regulatory control (Friese et d0& Strack & Deutsch, 2004).

In sum, the main aim of the study was to investigalhether approach bias for both
healthy food and unhealthy food can be modifieagisi single 10-minute training session,
and to determine the effect of such training orssglient food consumption. Specifically, it
was predicted that participants trained to apprdesaithy food and avoid unhealthy food
would show a greater increase in approach biasdalthy food and a decrease in approach
bias for unhealthy food compared to those traioeapproach unhealthy food and avoid
healthy food, or those in the control conditioe.(isham-training). It was further expected
that participants trained to approach healthy faod avoid unhealthy food would consume
the greatest proportion of healthy food relativeimtealthy food, and that trait impulsivity
would moderate the effect of training on consumptio

Method
Participants

A total of 200 women were recruited from the umgeduate student population at

Flinders University. Participants ranged in agerfrb/ to 26 yeard{ = 20.16,3D = 2.24).

BMI of the sample ranged from 15.23 to 43.34 Kg/with a mean of 23.12 kg/MnfSD =

4.83). Of the sample, 13.6% of participants wergemweight (<18.5 kg/f), 58% were of
normal weight (18.5-25 kg/fh 18.6% were overweight (25-30 kd)nand 9.5% were obese
(>30 kg/nf; WHO, 2014a). Only women were recruited becauseg tave a greater tendency
to overeat than men (Burton, Smit & Lightowler, ZDCParticipants were recruited if they

could speak English fluently, liked most foods, aminot have any food allergies,
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intolerances, or special dietary requirements.i@paints were instructed to eat something
two hours before their scheduled testing sessidhanaboratory to ensure that they were not
hungry as hunger has been shown to confound agpiwas for food cues (Seibt, Hafner, &
Deutsch, 2007). Most participants reported havimmm@ied with this instruction as the mean
time period since participants had last eaten w&3 Rours 8D = .98). Participants also rated
their current hunger level on a 100 mm visual agadoscale ranging from ‘not hungry at all’
to ‘extremely hungry’ (Grand, 1968). Mean hungeings fell slightly below the mid-point
of the scaleNl = 47.24,3D = 22.07).
Design

The study used a 5 (AAT training condition) x Z(pre: unhealthy food, healthy
food) x 2 (time: pre-training, post-training) mixegperimental design. Participants were
randomly allocated to one of the five training ciods: (1) avoid unhealthy food and
approach healthy food; (2) avoid unhealthy food approach non-food (i.e., animals); (3)
approach healthy food and avoid non-food (i.e.mahs); (4) approach unhealthy food and
avoid healthy food; (5) approach and avoid headtig unhealthy food equally (i.e., control).
Materials

Stimulus materials. Following Wiers et al. (2010), the Approach-AvoidarnTask
was adapted to measure and modify approach bideé&ithy food and unhealthy food cues.
The stimuli were 60 digital coloured photograph®g§ented in a resolution of 1024 x 768
pixels), comprising 20 images of healthy foodsjriiges of unhealthy foods and 20 images
of non-food stimuli depicting animals not normadigten in Western society. Healthy foods
were defined as those containing a low level offagar and/or salt (e.g., grapes, sushi),
while unhealthy foods contained a high level of §atgar and/or salt (e.qg., crisps, chocolate
cake). Both categories contained an equal numbgwveét and savoury food items. Foods

were presented against a white background withopvsible plates (see Appendix A for
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exemplary images). Animals were chosen for the flood-stimuli as they, like food, are
overall appealing. A portrait (aspect ratio 3:4yl &andscape (aspect ratio 4:3) format of each
image was created.

The healthy food pictures were selected from aetutfsthose used in a previous
study (Kakoschke, Kemps, & Tiggemann, 2014). Thiega were obtained from a pilot test
with 20 women aged 18-25 yeah$ € 21.60,SD = 1.50) in which participants were asked to
rate 36 pictures of healthy food on 9-point pleasand arousal scales. The ratings for the
unhealthy food and animal pictures were obtainethfa pilot test in which 21 women aged
17-45 yearsNl = 23.67,3D = 8.28) rated 590 pictures of unhealthy food anchals on 9-
point pleasure and arousal scales (Kemps, Tiggengahiollitt, 2014). The pictures were
selected on the basis that the healthy food, utthefdod, and animal categories did not
significantly differ on mean ratings of pleasurel @mousal (alps >0.40). Another 12 images
of common objects (e.qg., ball, flower) were usettiie practice trials preceding the task.

Approach-Avoidance Task.Based on standard procedures (e.g., Wiers et(dlQ)2
a computerized Approach-Avoidance Task was used.pftitocol consisted of three phases:
(1) a pre-training phase in which participants’ @@eh bias for healthy and unhealthy food
was measured; (2) a training phase in which ppditis were trained to approach or avoid
healthy food, unhealthy food and/or animals; anda(Bost-training phase in which
participants’ approach bias for healthy and unhgdibod was again measured.

On each trial of the pre- and post-training phagasijcipants began by pressing the
start button on the top of the joystick. A pictafea healthy food or an unhealthy food then
appeared in the centre of the screen. Participeens instructed to push or pull the joystick
according to whether the picture was presenteaitrat versus landscape format. These
instructions were counterbalanced (i.e., half efplarticipants pulled portrait pictures and

pushed landscape, and vice versa). When partiaggaied the joystick, the picture size
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increased (simulating approach), while pushingalgstick decreased the picture size
(simulating avoidance; Neumann & Strack, 2000)tiBipants were asked to respond as
quickly and accurately as possible. Prior to treetpaining phase, 12 practice trials were used
so that participants could learn to push and palljoystick in response to the picture format.
During the pre-training phase, each of the 40 irmd86 healthy and 20 unhealthy food) were
shown twice, once in the format participants westructed to pull and once in the format
they were instructed to push, resulting in 80 ¢ridlhus, participants pushed and pulled the
healthy and unhealthy food pictures equally often.

In the training phase, participants completed difrenl Approach-Avoidance Task.
Specifically, the push-pull contingencies of heglthod, unhealthy food, and animal pictures
were manipulated to create five training conditisee Table 1). Participants in all five
conditions pushed and pulled pictures from the $tumulus categories with equal frequency.
Following previous studies (Schumacher et al., 20tb& 40 images used in each condition
were presented six times resulting in 240 triataifling lasted approximately 10 minutes.

In the post-training phase, participants again tod& the assessment version of the
Approach-Avoidance Task, as they did in the prexing phase.

For the trials from the pre- and post-training @sasnedian reaction times were
calculated for the four combinations of pushingsusrpulling healthy and unhealthy food
pictures. Reaction times on pull (approach) twe¢se subtracted from reaction times on push
(avoidance) trials, resulting in positive bias ssothat indicate relative approach and
negative bias scores that indicate relative avaddar each of the two types of pictures.

Taste test.A so-called taste test was used to assess that effthe training on
healthy and unhealthy food consumption after the-paining phase of the Approach-
Avoidance task. Participants were presented wilatier comprising two healthy (grapes

and almonds) and two unhealthy snacks (chocolat®sl&nd potato crisps). The snacks
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were presented in equally-filled separate bowls\aee chosen as they are commonly
consumed and are bite-sized to facilitate eatimg gresentation order of the four bowls was
counterbalanced across participants using a 4 atih kquare. Participants were instructed to
taste as much or as little of the food as theydlike that they could rate each snack on several
characteristics (e.g., ‘How sweet is this foodPhey were given 10 minutes to complete
their ratings after which time the platter was takevay. The amount of each food consumed
was calculated by subtracting the weight (in granoishe food after the taste test from the
weight of the food before the taste test. The waiglgrams for each food was then
converted into the number of calories consumedngle measure of relative consumption of
healthy and unhealthy food was calculated as tbpgstion of healthy food consumed out of
total food consumption.

Barratt Impulsiveness Scale (BIS-11)Trait impulsivity was assessed by the widely
used BIS-11 (Patton et al., 1995). The BIS-11 cosepr30 items designed to assess different
aspects of impulsivity including attentional (e‘yam restless at the theatre or lectures’),
motor (e.g., ‘I do things without thinking’), an@mn-planning (e.g., ‘I am more interested in
the present than the future’). Items are scored 4+point Likert-scale (1 = ‘rarely/ never’, 4
= ‘almost always/always’). Scores are summed teidma BIS-11 total score. According to
Stanford et al. (2009, p. 387), a total score obi7above indicates high impulsivity, a widely
recognised cut-off, including in the eating dom@ryg., Lattimore & Mead, 2015). According
to this cut-off, participants in the current samplkere classified into higm(= 49) and low
= 151) impulsivity groups. The BIS-11 has good-tesest reliability and internal reliability
(Patton et al., 1995; Stanford et al., 2009). lghesent study, internal reliability for the total
scale was also good € .85).

Procedure
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Participants were tested in the Food LaboratothénSchool of Psychology at
Flinders University during a single one-hour sesshifter providing informed consent,
participants completed a brief demographics questoe, followed by the Approach-
Avoidance Task. After completing the computer taeskticipants underwent the taste test,
and finally, they completed the Barratt Impulsiven&cale. All participants were debriefed
via e-mail once data collection was completed.

Results
Statistical considerations

An alpha value of .05 was used to determine sgantp values. Effect size measures
were partial eta(n®) for ANOVA and Cohen’sl for t-tests. Fon?, a value of .01 represents a
small effect, .06, a medium effect, and .14, adatiect, while for Cohend; .20 represents
a small effect, .50, a medium effect, and .80ygel@ffect (Cohen, 1992).

Effect of training on approach bias

To assess the effect of the training on appro&hfor each of the two picture types
(i.e., healthy and unhealthy food), reaction tiraepre-training were compared with those at
post-training. Following earlier research using A#eT (Wiers et al., 2010), median reaction
times of correct trials (94.64%) were used for datalysis.

Changes in approach bias scores were analysegl aSfAAT condition: avoid
unhealthy/approach healthy food, avoid unhealtloglfapproach animals, approach healthy/
avoid animals, approach unhealthy/avoid healthd fepproach/avoid healthy/unhealthy
food equally) x 2 (picture: healthy food, unhealfbgd) x 2 (time: pre-training, post-
training) mixed model ANOVA. Results revealed sfgraint condition x picturef-(1, 195) =
9.45,p < .001n? = .162, and picture x time interactiof§1, 195) = 5.68p = .0181° =
.028. Importantly, there was a significant conditiopicture x time interactiork(1, 195) =

7.47,p<.001n% = .133.
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The nature of the three-way interaction was furth@mined using separate pairwise
comparisons for healthy food and unhealthy fooih@a Bonferroni correction) to assess
change in approach bias from pre- to post-traimngach condition. For unhealthy food
(Figure 1a), approach bias significantly decredsa@u pre- to post-training in the avoid
unhealthy/approach healthy food conditi(],195) = 8.38p = .004,n> = .041, and in the
avoid unhealthy food/approach animals conditfe(l, 195) = 9.47p = .002,n° = .046. In
addition, approach bias for unhealthy food sigatfity increased in the approach unhealthy/
avoid healthy food conditiorr(1, 195) = 6.26p = .013,n° = .031. These results showed that
it is the ‘avoid unhealthy food’, rather than tla@proach healthy food’, component that
seems to be crucial for the training effect for ealthy food.

For healthy food (Figure 1b), approach bias sigaiftly increased frorpre- to post-
training in the avoid unhealthy/approach healthydfeondition,F(1,195) = 5.91p = .016,1°
=.029. Approach bias for healthy food trended t@haadecrease from pre- to post-training
in the approach unhealthy/avoid healthy food cémdj(1,195) = 2.96p = 0.08,1% = .015.
There were no other significant changes in apprbshfor healthy food cues. These results
showed that both the *avoid unhealthy food’ andptfa@ach healthy food’ components appear
to be important for the training effect on healtbgd. Overall, it seems that it was easier to
train the avoidance of unhealthy food than the @ggn toward healthy food cues.

Effect of training on consumption

A one-way ANOVA was used to assess the effect@tithining on the proportion of
healthy food consumed (see Table 2 for descrigiggstics). Results revealed no significant
differences in consumption between conditidtg, 196) = .425p = .791,n% = .009. This
result indicates that training did not have an all@ffect on the relative amount of healthy
food consumed. As can be seen from the meansgiparits in all of the training conditions

consumed about 50% healthy food. The only conditiomhich participants ate more healthy
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food than unhealthy food was the ‘avoid unhealthgraach healthy food’ condition (53%),
but pairwise analyses showed that this did noedsgfgnificantly from any other condition
(all p’'s >.25).

Moderation of training effect by impulsivity

Further analyses were performed to determine venatipulsivity group (high/low,
based on the established cut-off score) moderatedftect of training on approach bias or
consumption. For approach bias, results showedgnifisant main effect of impulsivity
group,F(1, 194) = .006p = .939,1° = .001, nor any interactions involving impulsiv{sil
p's >.09). This indicates that the training had gglent effects on approach biases for
healthy food and unhealthy food regardless of paents’ level of trait impulsivity.

For consumption, on the other hand, results shdikedise no main effect of
impulsivity group,F(1, 190) = .017p = .998,1]2 =.001, but a significant interaction between
condition and impulsivity grougs (4, 190) = 2.47p = .046,112 =.049 (see Figure 2).
Separate analyses for the impulsivity groups retetiat there was no significant difference
in the proportion of healthy food consumed acrasxliions for participants with low
impulsivity, F(4, 190) = .304p = .875n° = .006. In contrast, for those with high impulsjyi
there was a significant difference between conaijB(4, 190) = 2.596p = .038,n% = .001.
Pairwise comparisons showed that the proportidmeafthy food consumed was significantly
greater in the avoid unhealthy/approach healthg fmmndition than in the approach
unhealthy/avoid healthy food conditign= .005,d = 1.15, and in the approach/avoid
healthy/unhealthy food equally conditignz .010,d = 1.06. This result indicates that the
effect of the training on the relative amount ohltiey food consumed was found only in
participants with high impulsivity.

Discussion
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The current study aimed to use approach bias neatidin to encourage healthier
eating behaviour. As predicted, participants trditeeavoid unhealthy and approach healthy
food showed a bias away from unhealthy food anidstoward healthy food following the
training, whereas those trained to approach urtinealtd avoid healthy food showed a bias
toward unhealthy food and a (non-significant) laasy from healthy food. In addition, for
consumption, training interacted with trait impulsy to predict relative healthy food intake
in a subsequent taste test. Specifically, only agjrtoghly impulsive participants, did those
trained to avoid unhealthy and approach healthy et a greater proportion of healthy food.

As expected, participants allocated to the avaoitealthy and approach healthy food
condition showed an increase in their approachfoialsealthy food and a decrease in their
approach bias for unhealthy food from pre- to goaERing. These results are consistent with
previous studies showing that an increased approashfor healthy food cues can be trained
while simultaneously training an avoidance of utitgaood (Fishbach & Shah, 2006, Study
5; Maas et al., 2015; Dickson et al., 2015). Coselsr, in the current study, participants in
the approach unhealthy and avoid healthy food ¢mmdshowed an increased approach bias
for unhealthy food. Previous studies have similaHgwn an increased bias for unhealthy
food after training toward unhealthy food (Fishb&Bhah, 2006; Schumacher et al., 2016).
As expected, there were no approach bias changesétthy or unhealthy food in the
condition in which healthy and unhealthy food weggially approached and avoided.

The design of our study was novel in that it inelddwo further training conditions,
which examined either avoidance of unhealthy foodpproach of healthy food compared to
animals (a non-food category). The finding thatrapph bias for unhealthy food reduced in
participants trained to avoid unhealthy food angragch animals fits with one previous
study in the food domain (Brockmeyer, Hahn, Regthmidt, & Friederich, 2015), but our

results indicate that it is the ‘avoid unhealthgdbcomponent that is important. In contrast,
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participants trained to approach healthy food ammidsanimals showed no significant change
in approach bias for healthy or unhealthy foo@pipears that both the ‘approach healthy’
and the ‘avoid unhealthy’ components are needéactease approach toward healthy food,
while only the *avoid unhealthy’ component is negd¢i@ induce avoidance of unhealthy food.

More generally, it is evident from these findingattthe control comparison condition
chosen (i.e., ‘avoid healthy/approach unhealthglf@o ‘sham’ training) is important for
evaluating the effectiveness of approach trainarghkalthy food. Nevertheless, it is
important to note that while the extreme comparisetween an ‘approach healthy food’
with an ‘approach unhealthy food’ condition is @&fus step in demonstrating the basic
effects of approach-avoidance training, as we die hit would be unethical to train a sample
of individuals with problematic eating behaviouragproach unhealthy food. Thus, future
studies, particularly those using multiple or mmtensive training sessions, should screen
for clinical eating disorders.

Our finding that approach bias modification did patduce a main effect on healthy
snack food consumption is at odds with some reguitalcohol and chocolate (Wiers et al.,
2010; Schumacher et al., 2016). It also does rpiat the finding of Fishbach and Shah
(2006, Study 5), which showed that participantsé&a to approach healthy food were more
likely to choose a healthy snack over an unheaitig/than those trained to avoid healthy
food. However, our finding is consistent with sopnevious studies that likewise found no
overall main effect of training on eating behavi¢Becker et al., 2015, Study 1; Dickson et
al., 2016). One potential reason as to why no reHiect of training condition on food
consumption was observed is that a single trais@sgion of 10 minutes may not be
sufficiently intensive to produce an immediate efffien consumption. Some previous studies
in the alcohol domain that have found positive @feof training on consumption have used

multiple training sessions (Eberl et al., 2013; Wid&Dberl, Rinck, Becker, & Lindenmeyer,
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2011).Future studies should aim to determine how mangitrg sessions are required to
obtain an immediate effect on consumption and erglee longevity of such training effects.
Our final aim was to examine the role of impulgnain training effects for both
approach bias and food consumption. We found thatisivity did not moderate the effect
of training on approach bias for healthy or untigafood. As expected, this indicates that the
re-training was equivalent in its effectivenesstenging approach biases, regardless of
participants’ level of trait impulsivity. In consg it did moderate the effect of training on
healthy food consumption. As predicted, highly itspre participants who were trained to
avoid unhealthy and approach healthy food consusgg@ater proportion of healthy snacks
than highly impulsive participants who were traitedpproach unhealthy and avoid healthy
food or those in the control (i.e., sham-trainioghdition. Together, these findings indicate
that changes in automatic processing will affet¢taygour, but only among highly impulsive
individuals, consistent with the idea that autompatiocesses likely play a more important
role in consumption for those with poor self-regafs control (Friese et al., 2008; Strack &
Deutsch, 2004). Thus, interventions that target@gogh bias for food may only be effective
at changing subsequent food consumption for highpulsive individuals. Future studies
should examine the effect of training on food irtdér specific sub-groups of individuals.
Theoretically, our findings support the underlysgsumptions of contemporary dual
process models of behaviour (Strack & Deutsch, 20@4articular, our findings support the
suggestion that both automatic processing andegiflatory control determine eating
behaviour. Specifically, the finding that the tiagpwas effective at encouraging a greater
proportion of healthy food consumption, but onlyaag the highly impulsive individuals, is
consistent with the proposition that eating behawis guided by both automatic approach

biases and self-regulatory control of impulsivepm@ses (Hofmann et al., 2008).
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The current results also have practical implicatias they indicate that increasing
approach bias for healthy food encourages a grpateortion of healthy food consumption,
albeit only for highly impulsive individuals. Theiggests that an approach bias modification
protocol that trains the simultaneous approacheafthy food and avoidance of unhealthy
food would be most beneficial for individuals whigh levels of trait impulsivity, such as
overweight and obese people, who tend to be magpalsive than normal-weight people
(Nederkoorn et al., 2006; Nederkoorn, Smulders ddaans, Roefs, & Jansen, 2006;
Kakoschke et al., 2015b). This is important giviest in modern Western society, overweight
and obesity rates are increasing, which is panflyénced by consuming too much food high
in fat, salt and sugar. Therefore, approach biadifileation interventions may be one way to
effectively encourage highly impulsive people, sasloverweight and obese individuals, to
eat more healthy food and less unhealthy food.cAigin the current research focused on trait
impulsivity as an individual variable that potefiyiaffected the findings, it is possible that
other variables at the time of testing, such asdnatiempts to reduce caloric intake,
intention to lose weight and dietary restraint raésp have impacted the main outcomes.

Similar to most research, the current study isestttip a number of limitations. First,
the sample was restricted to females due to thenated prevalence of overeating. However,
over a third of those with a binge eating disorer male (Hudson, Hiripi, Pope, & Kessler,
2007). Relatedly, participants were an unselecaetpse. Thus, future researchers might use
a screening questionnaire to determine overeatinfp@d craving or external eating) rather
than gender as an inclusion criterion. Secondstiy used a single brief training session.
Future researchers could use multiple or more gnertraining sessions that are liable to
procure more reliable effects on food consumpfidncd, moderator analyses in the current
study used an established cut-off score on the(8t&ford et al., 2009) to define high and

low impulsivity groups, resulting in a relativelynsller high impulsivity group. Thus, future
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studies might target larger samples containingviddals with high impulsivity. Finally,
although the food images were selected on ratihgteasure and arousal, future studies may
consider using a standard, validated picture s@t, (EoodPics; Blechert, Meule, Busch, &
Ohla, 2014) to increase comparability with otheidsss.

In conclusion, the present study demonstratedabtoach bias modification can be
used in the eating domain to modify approach maddth healthy and unhealthy food and to
encourage healthier eating behaviour. Additionally, findings support the hypothesis that
trait impulsivity moderates the effectiveness gbra@ach bias re-training on consumption of
healthy food. Specifically, highly impulsive wombanefited the most from receiving the
avoid unhealthy and approach healthy food traimisighey subsequently consumed a greater
proportion of healthy snack food. These findingggast that future research needs to take
into account the role of individual differencegnmpulsivity and could usefully examine the
benefits of approach bias modification protocolsifereasing healthy food consumption

among individuals with problematic eating behaviduven by impulsivity.
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Table 1

Push/pull contingencies for each training condition on the Approach-Avoidance Task.

Contingencies

Approach-Avoidance Training Condition

Push (avoid)

Pull (approach)

Avoid unhealthy food /Approach healthy food

Avoid unhealthy food/Approach animals

Approach healthy food/Avoid animals

Approach unhealthy food/Avoid healthy food

Approach/avoid healthy/unhealthy food equally

96%nhealthy
10% = healthy
90% = uaittey
10% = animals

10% = heplth
90% = animals

10%rhealthy
90% = healthy
%69 healthy

50% = unhealthy

10% = unhealthy

90% = healthy

10% = unhealthy

90% = animals
90% = healthy
10% = animals
90% = unhealthy
10% = healthy
50% = healthy

50% = unhealthy
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Table 2

Means and standard deviations for the proportion of healthy food consumed for each training

condition on the Approach-Avoidance Task.

Proportion of Healthy Food Consumed

Approach-Avoidance Training Condition Mean Standard Deviation
Avoid unhealthy food /Approach healthy food .53 .23
Avoid unhealthy food/Approach animals .48 .16
Approach healthy food/Avoid animals A48 .23
Approach unhealthy food/Avoid healthy food .50 19.

Approach/avoid healthy/unhealthy food equally 7.4 .18
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Fig 1. Mean approach bias scores (with 95% confidentesvals [CI]) for AAT training
condition at pre- and post-training for (a) unheakind (b) healthy food. Within-subjects

95% Cls were calculated using formulae from Masaweh Loftus (2003)p < .05,"p = .08.
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Fig. 2. Proportion of healthy food consumption in caloiegh standard error bars) as a

function of AAT training condition and trait impuNgty. *p < .05
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Appendix A
Exemplary images of (a) healthy and (b) unhealttogd$ used in the Approach-Avoidance

task.

(a) Healthy food

(b) Unhealthy food






