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Abstract

Automatic approach tendencies are often assesflegowstick-based approach—
avoidance tasks (AATS). In line with similar stuglieve have previously shown that
individuals show an approach bias towards palat@iolé only when picture valence (i.e., the
content of the picture) is relevant for task perfance. In the current study, we adapted this
joystick-based AAT for implementation on a toucteser, which required participants to
perform more naturalistic approach—avoidance mowsn®©ne-hundred and seven
participants (73% female) were instructed to pulbash pictures of chocolate-containing
food and non-edible objects either based on pictantéent (content group,= 36), frame
color (frame groupn = 35), or a symbol superimposed in the centeaohepicture (symbol
group,n = 36). No approach bias towards food was detantedher group. However, trait
chocolate craving and a general preference foralhterelated to higher approach bias
scores only in the content group, but not in tlaenke or symbol group. In addition, only
participants in the content group reported incre@aseurrent chocolate craving throughout
the task. While this touchscreen-based AAT didrepticate results from its joystick-based
equivalent, results are in line with suggestiorad #xplicit task instructions may be preferred
over implicit task instructions (i.e., when panpiants have to respond to valence-irrelevant
features). Future studies may examine if and hawhscreen-based AATs can be
implemented for modifying approach tendencies towamhealthy food and, ultimately,

reducing consumption of these foods.
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Introduction

Stimuli with a positive valence facilitate apprbdmehavior while stimuli with a
negative valence facilitate avoidance behaviorg&9l1960). Such approach—avoidance
tendencies are usually assessed with computeas&d.tFor example, joystick-based
approach—avoidance tasks (AATSs) are widely usede Hmrticipants are instructed to avoid
certain stimuli by pushing a joystick and to apptoaertain stimuli by pulling a joystick
(Rinck & Becker, 2007). These movements are us@tpmpanied by a visual zooming
effect such that the picture shrinks when pushegstimulus “away” and the picture enlarges
when pulling the stimulus “towards” oneself. Th@mming is thought to disambiguate the
movement, that is, to clarify that joystick movertsemanipulate the virtual position of the
stimulus and not the viewer’s position. Approactofdance) tendencies are inferred from
reaction times when participants are faster wheimgupushing) than pushing (pulling) the
target stimuli or when pull (push) movements irpesse to target stimuli are faster than the

corresponding movements in response to controuditinespectively.

To make the task more implicit, participants dterminstructed to respond to a
stimulus property that is unrelated to stimuluswak. For example, participants may be
required to pull pictures in portrait format andspipictures in landscape format while picture
content (e.g., alcoholic vs. non-alcoholic bevesageirrelevant for performing the task
correctly (Wiers, Rinck, Kordts, Houben, & Stra@k10). However, research as shown that
approach—avoidance tendencies can be detectedrefiatdy when the mapping rule is
explicitly based on the relevant (e.g., disordéatesl) than irrelevant stimulus feature
(Kersbergen, Woud, & Field, 2015; Phaf, Mohr, Ratt, & Wicherts, 2014). In a study
using pictures of palatable foods and non-edibjeatb, for example, we found that
participants showed an approach bias towards fabdvehen they were directly instructed to

pull/push food/objects. Participants who respongettie very same pictures—but were
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instructed to pull/push pictures depending on taee color (blue vs. green) or superimposed
symbols (cross vs. circle)—did not exhibit an apgiobias towards food (Lender, Meule,

Rinck, Brockmeyer, & Blechert, 2018).

Moreover, while joystick-based AATSs represent elsshed and relatively well-
validated tools for measuring approach—avoidanoceetecies (e.g., towards alcohol), a
critical examination of existing studies suggebtt food-related AATs produced rather
mixed findings. Specifically, the majority of stedithat used joystick-based AATs did not
demonstrate an approach bias towards (high-calmie) relative to reactions to control
stimuli or found such a bias only in certain sulug® of participants (Brockmeyer, Hahn,
Reetz, Schmidt, & Friederich, 2015; Kakoschke, KepngTiggemann, 2015; Maas,
Keijsers, et al., 2017; Maas, Keijsers, Rinck, $ag&i Becker, 2015; Maas, Woud, et al.,
2017; Machulska, Zlomuzica, Adolph, Rinck, & Marra015; Paslakis, Kiihn, Grunert, &

Erim, 2017; Paslakis et al., 2016).

Amongst other explanations, one reason for thes@nsistent findings may be that
joystick movements do not mimic naturalistic apgtoand avoidance behaviors as the kinds
of remote control operations afforded by joystioigresent a phylogenetically very recent
development. Typical food intake settings feateaching, grasping, and holding
movements—included speeded and forceful pullingaise of competition for food. Thus, a
laboratory implementation of a potentially evolutwily shaped motor behavior should

mimic such actions as close as possible.

As a first step in this direction, the currentdstexamined the implementation of an
AAT on a touchscreen monitor. For this, we adapiedask design of our previous study
(Lender et al., 2018). Similar to that study, mapants were either instructed to pull/push
pictures of chocolate-containing foods and nondedibjects or were instructed to respond to

valence-irrelevant features of these pictures. Mstead of moving a joystick, participants in



Touchscreen-based approach—avoidance task 4

the present study were instructed to move the $thiowards or away from themselves by
sliding their dominant hand on a touchscreen—smtdactual hand movements that are

required to move real items (Figure 1).

We expected to replicate results from our joysbeksed AAT, that is, that participants
would show an approach bias towards food only whetmucted to respond to the content of
the pictures, but not when instructed to resporttiedrrelevant features. As previous
joystick-based studies have found that a higheragmh bias towards high-calorie foods
relates to more frequent and intense food cravimgeneral (trait food craving) and stronger
current food craving (Brockmeyer et al., 2015; Lemet al., 2018), we further expected that
approach bias towards chocolate-containing foodddvoe associated with trait and state
chocolate craving in the current study. Finally, also explored whether approach bias
towards chocolate-containing foods would be relébeal general preference for chocolate
(assessed through valence and palatability rabhtfse food pictures) and whether
performing the task would affect state chocolaseitrg and hunger differentially as a

function of task instruction.
Methods
Participants

One-hundred and eleven individuals participatettis study. However, data of four
participants had to be excluded from analysEsus, the final sample comprised 107
participants (72.9% femala,= 78). Mean age wad = 23.3 years§D = 5.84, Range: 18-50)
and mean body mass index Wwas= 22.4 kg/m2§D= 3.11, Range: 17.2— 34.6). According to
the guidelines by the World Health OrganizationQ@Q seven participants were underweight
(6.50%), 84 participants had normal weight (78.5%2)participants were overweight
(11.2%), and four participants were obese (3.70%¢. majority of participants had German

(60.7%,n = 65) or Austrian (38.3%) = 41) citizenship, were university students (89.7A%



Touchscreen-based approach—avoidance task 5

96), and were right-handed (92.586 99). Twenty-five participants (23.4%) indicatbat
they were currently restricting their food intakecbntrol their weight and 70 participants

(65.4%) indicated that they did so in the past.
Measures and materials

Sociodemographic and anthropometric deRarticipants indicated their sex, age,
body height and weight, nationality, occupatiord dandedness. They also indicated whether
they were currently dieting or had dieted in thetgey answering (yes/no) the questions “Are
you currently restricting your food intake to casltyour weight (e.g., by eating less or
avoiding certain foods)?” and “Have you ever reséd your food intake to control your

weight in the past (e.g., by eating less or avgdiertain foods)?”.

Approach—avoidance task (AAThe AAT included 16 pictures displaying chocolate
containing foods and 16 pictures displaying norbkedobjects, which were obtained from the
food-pics database (Blechert, Meule, Busch, & OP04.,4)? Food and objects pictures did
not differ in color, size, brightness, contrastingdexity, recognizability, and familiarity (all
to) < 1.27,p > .22). Each picture had a resolution of 96 dpb(8 469 pixels) and was edited
to have four different versions: either a crosa oircle was superimposed in the center of the
picture and the picture was framed by either a blugreen line. These pictures have been
previously used in a joystick-based AAT (Lendealet2018) and can also be found in the
supplementary material. In contrast to the joysbheked AAT, however, picture size did not
change, that is, we did not employ a zooming efbeciause of the naturally occurring

distance change in the current study.

The task was programmed in unity (https://unitgddi) and displayed on a 23-inch

ilyama ProLite T2336MSC-B2 touchscreen monitor vétresolution 1928 1080 pixels. It

consisted of two blocks, in each of which eachysetvas presented once (i.e.,XL8 food
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pictures and 1& 4 object pictures), totaling?®2128 = 256 trials. Because of this
arrangement, the number of images within each blaeie balanced regarding color of the
frame (50% blue, 50% green), the symbol in theearenitthe picture (50% cross, 50% circle)
and image content (50% food, 50% objects). Witlaicheblock, the order of picture

presentations was randomized.

Participants were assigned to one of three grongsach of which they had to
respond to one image property by moving the pictoitbe bottom of the screen (towards
themselves = pull) and to respond to another inpagperty by moving the picture to the top
of the screen (away from themselves = push; FigurBarticipants in theontentgroup were
instructed to respond to the content of the im&ged(vs. non-edible object). Participants in
theframegroup were instructed to respond to the colohefgicture frame (blue vs. green).
Participants in theymbolgroup were instructed to respond to the symbthéncenter of the
picture (cross vs. circle). After the first blod¢ke instructions (e.g., pull food, push objects)
were reversed (e.g., push food, pull objects). Beeaf this instruction shift, food and
objects were equally often approached (i.e., puled avoided (i.e., pushed) in each of the

three groups. The order of blocks was counterbalhacross participants.

Palatability ratings Participants rated the food pictures by respantbrthe question
“How palatable/tasty do you find the object on pieture?” on a seven-point scale anchored

1 =not at allto 7 =very muchInternal reliability wasx = .896.

Valence ratingsParticipants rated the food and objects pictbyeresponding to the
guestion “How pleasant/appealing do you find thoton the picture?” on a seven-point
scale anchored 1ot at allto 7 =very muchInternal reliabilities werer = .915 (food) and

a =.853 (objects).
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Food Cravings Questionnaire—Trait-reduced (FCQ-TFHe German, chocolate-
adapted version of the FCQ-T-r (Meule & Hormes,5)0tas used to measure the frequency
and intensity of chocolate cravings in general. 3tee has 15 items which are scored from 1

= neverto 6 =always Internal reliability wast = .941 in the current study.

Food Cravings Questionnaire—State (FCQ-H)e German, chocolate-adapted
version of the FCQ-S (Meule & Hormes, 2015) waglusaneasure the intensity of current
chocolate craving and hunger before and after th€.A'he scale has 15 items (12 items for
the chocolate craving subscale and 3 items fohtimger subscale) which are scored from 1 =
strongly disagre@o 5 =strongly agreelnternal reliabilities of the craving subscalereve =
.923 at baseline ar = .939 after the task. Internal reliabilities béthunger subscale wexe

= .839 at baseline ared= .869 after the task.

Procedure

The study was approved by the institutional reviomard of the University of
Salzburg. Participants were recruited at the Usiaeof Salzburg and through a local job
advertisements website. A few days prior to thetatory testing session, participants
completed an online survey, which included the FCQspicture ratings, and other
guestionnaires that are not reported here. Inaberatory testing session, participants signed
informed consent, provided the sociodemographicaartdropometric information, and
completed the FCQ-S. They then performed the AAdicvincluded a brief practice block
at the beginning of the task consisting of sixi¢rigith neutral stimuli that were not used in
the test blocks. Subsequently, they completed €@-FS again. Afterwards, participants
completed other tasks that are not reported hartichation lasted approximately one hour

and was reimbursed with course credits or €10.

Data analyses
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Randomization checksroups were compared regarding sex, nationaldgupation,
handedness, and current and past dieting with FssBgact Tests and regarding age, body
mass index, palatability and valence ratings, FGQ-stores, and FCQ-S scores at baseline
with analyses of variance. We additionally repaay8s FactorsBFo), for which values >1
indicate support for the alternative hypothesisrakie null hypothesis. Bayes Factors were

determined with JASP version 0.9.1 (www.jasp-staty.using the default priors.

Reaction timesReaction time was defined as the time that ppetits needed to
move the picture 200 pixels after the picture hapkeared in the center of the screen. This
threshold corresponded to moving the picture apgprately 2 inches/5 cm on the touchscreen
monitor (i.e., approximately 10% of the touchscra@mnitor height of 20 inches/60 cm).
Trials in which participants moved the pictureshia wrong direction (beyond the 200 pixels
threshold) and trials with a duration of more tllaree seconds were excluded from analyses
(9.65% of all trials). The number of valid trialgldhot differ between groups (Kruskal-Wallis

Testp = .220,BF;0 = 0.22).

Bootstrapped split-half reliability estimates &ach condition (pull food, push food,
pull objects, push objects) were obtained usingatlezagefunction of the R packagsplithalf
(Parsons, 2018) performing 5000 random splits.aRéity estimates ranged betweenr .84—
.89 (Spearman—Brown-corrected = .91-.94) in the content group, between.84—-.88
(Spearman—Brown-correcteg, = .92—.94) in the frame group, and between.87—-.93
(Spearman—Brown-correcteg, = .93-.96) in the symbol group. To examine coteslaf
AAT performance, an approach bias score was caédif@pproach bias score = [reaction
time for pushing food — reaction time for pullingpfl] — [reaction time for pushing objects —
reaction time for pulling objects]). Thus, positiva&ues indicate an approach bias towards
chocolate-containing food and negative values atdian avoidance bias from chocolate-

containing foods. For this approach bias scorebiity estimates using thdifference-of-
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differencefunction ofsplithalf werer = .84 (Spearman—Brown-corrected= .92) in the
content groupr = —.24 (Spearman—Brown-correctegd= —.74) in the frame group, and-

—-.14 (Spearman—Brown-correcteg = —.47) in the symbol group.

In line with joystick-based AAT studies (Rinck &Bker, 2007), median reaction
times were calculated and were submitted to aryaisabf variance for repeated measures
with group (content vs. frame vs. symbol) as between-subjacter, andirection (pull vs.
push) andstimulus(food vs. objects) as within-subjects factors. &dditionally report Baws
Factors BF), which are Inclusion Bayes Factors based on medtamodels, that is, they
compare Bayes Factors of models that contain fieetdb equivalent models stripped of the
effect (Mathét, 2017). Baws Factors were determingd JASP version 0.9.1 (www.jasp-

stats.org) using the default priors.

Palatability ratings To examine whether palatability ratings prediapgroach bias
scores as a function of group, a moderated liregression model was calculated using
PROCESS (Hayes, 2018) with palatability ratingshdependent variable (mean-centered),
group as multicategorical moderator (using indicatwling; O = content group), and

approach bias scores as dependent variable.

Valence ratingsDifferences in valence ratings for food and otgquctures were
tested with a pairetitest. To examine whether valence ratings of tloel foictures predicted
approach bias scores as a function of group, a ratettlinear regression model was
calculated that paralleled the model for palatgbittings, except that valence ratings of the

objects pictures were additionally entered as gatear

Trait chocolate cravingTo examine whether trait chocolate craving priedic
approach bias scores as a function of group, a ratatkelinear regression model was

calculated that paralleled the model for palatgbitatings.
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State chocolate cravingncreases in state chocolate craving throughmutask as a
function of group were tested with an analysisaiance for repeated measures wgitbup
(content vs. frame vs. symbol) as between-subfacter,measuremen(baseline vs. after the
task) as within-subjects factor, and FCQ-S crasingscale scores as dependent variable. To
examine whether state chocolate craving at basptedicted approach bias scores as a
function of group, a moderated linear regressiodehwas calculated that paralleled the
models for palatability ratings and trait chocolataving described above. A further
moderation model tested whether approach bias spoeelicted state chocolate craving after

the task as a function of group while controllilng $tate chocolate craving at baseline.

Hunger. Analyses with the FCQ-S hunger subscale pardltblese for the FCQ-S

craving subscale.
Results
Randomization check

Groups did not differ in sex, age, body mass indetionality, occupation,
handedness, current and past dieting, palatahititivalence ratings, trait chocolate craving,

and state chocolate craving and hunger at bag@latde 1).

Reaction times

A main effect ofdirection (F(1,104y= 8.19,p = .005,n,2 = .073,BF = 4.19) indicated
that pull movementdy = 607 msSD = 94.5) were faster than push movemehkts=(615 ms,
SD= 88.6). Main effects ajroup (F,104= 21.4,p < .001,n,? = .291,BF = 443327) and
stimulus(F(1,104y= 27.7,p < .001,np2 = .210,BF = 56.2) were qualified by a significagtoup
x stimulusinteraction 2 104)= 40.6,p < .001,n,2 = .438,BF = 8626000). In the content
group, participants reacted faster to fodtdf 649 msSD= 75.6) than to objectd/= 687

ms,SD = 80.9;ts) = 8.45,p < .001,d = .471,BF;0 = 19480000). In the frame group, reaction
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times to food and objects did not differ from eather €z4)= 1.54,p = .134,d = .073,BF10 =
0.53). In the symbol group, participants reactedtiiato objectsMl = 609 msSD = 88.9) than
to food M = 618 msSD = 86.1,t35= 2.60,p = .013,d = .097,BF10 = 3.28). Thelirection x
stimulusinteraction E1,104y= 1.94,p = .166,n,2 = .018,BF = 0.66) and the hypothesized
group x direction x stimulusinteraction E,104y= 0.49,p = .614,n,2 = .009,BF = 0.17) were

not significant. All means and standard deviatiohseaction times are displayed in Table 2.
Palatability ratings

Mean palatability ratings of the food pictures et = 4.85 GD= 1.04, Range: 2.19—
7.00). In the moderation model, theup x palatability ratingsinteraction was significant
(R2 change = .07& = .015). Higher palatability ratings related tgter approach bias scores
in the content groub(= 39.8,SE=12.1,p = .001), but not in the framé € -5.82,SE=

11.1,p = .602) or symbol grougp(=-0.35,SE=12.3,p = .978; Figure 2A).
Valence ratings

Participants rated the food picturds € 4.76,SD = 1.05) as more positive than the
objects picturesM = 3.55,SD = 0.89;t(106) = 9.29,p < .001,d = 1.24,BF;0 = 2.937e+12). In
the moderation model, tlggoup % valence ratingsnteraction was significan®¢ change =
.088,p = .008). Higher valence ratings of the food pieturelated to higher approach bias

scores in the content group#£ 41.0,SE= 11.5,p <.001), but not in the framé € -5.75,SE

=11.8,p =.628) or symbol group(=-2.03,SE= 11.1,p = .856; Figure 2B).
Trait chocolate craving

Mean scores on the FCQ-T-r wafe= 35.3 SD= 13.9, Range: 15-86). In the
moderation model, thgroup X trait chocolate cravingnteraction was significanR change

=.085,p =.009). Higher FCQ-T—-r scores related to higlpgreach bias scores in the
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content groupl{ = 2.75,SE= 0.75,p < .001), but not in the framé £ -0.62,SE=0.84p =

.462) or symbol grouph(= 0.04,SE=1.15,p = .970; Figure 2C).
State chocolate craving

In the analysis of variance, tjeoup x measuremenhteraction was marginally
significant €2 104)= 3.01,p = .053,ny? = .055BF = 1.19). In the content group, state
chocolate craving scores increased from baselihe 23.7,SD = 9.65) to after the taskA(=
25.1,SD=10.8;t35)= 2.13,p = .040,d = .131,BF;o = 1.32). State chocolate craving scores
did not change significantly in the frame grotyguf(= 1.11,p = .273,d = .109,BF;, = 0.32)
and in the symbol groupds) = 1.58,p = .122,d = .106,BF10 = 0.56). The main effects of
group (F2,104)= 0.68,p = .507,np? = .013,BF = 0.47) andneasuremer( 104y= 1.40,p =
.240,n?2 = .013,BF = 0.30) were not significant. In the moderationdeis, state chocolate
craving at baseline did not predict approach biases as a function of group?(change =
.022,p = .326) and approach bias scores did not pretdite shocolate craving after the task

as a function of groug=¢ change = .0003 = .920).
Hunger

In the analysis of variance, a main effectrefasuremen(f 104)= 18.2,p < .001,n?
=.149,BF = 391) indicated that hunger increased from basd\l = 7.32,SD= 3.02) to
after the taskNl = 7.80,SD= 3.07). The main effect @froup (F2,104y= 0.49,p = .611,np2 =
.009,BF = 0.52) and the interactigroup x measuremern(F 104= 1.09,p = .339,np? =
.021,BF = 0.20) were not significant. In the moderationd®ais, hunger at baseline did not
predict approach bias scores as a function of g(Buaphange = .035 = .161) and approach
bias scores did not predict hunger after the task fanction of groupR? change = .003 =

.388).

Discussion
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The current study aimed at translating a joysheked AAT to a touchscreen-based
AAT for the assessment of approach tendencies tisMaod. The task had high internal
reliabilities (Parsons, Kruijt, & Fox, 2018) and—ine with previous findings with joystick
movements (Lender et al., 2018)—a main effect mdation was found such that pull (i.e.,
approach) movements were faster than push (i.eig)amovements. In contrast to our
previous study, however, no approach bias towaradd as found in either group. In the
content group, participants reacted faster to thad to objects, but these reactions were

independent of the type of movement (i.e., pullpssh).

Although the finding of an approach bias towamisdfin the content group could not
be replicated in the present adaptation for a tecreen, we did find differential effects as a
function of group that support validity of our dgsi In line with previous findings
(Brockmeyer et al., 2015), higher trait chocolateving related to higher approach bias
towards chocolate-containing food (and, in faabsthwith low trait chocolate craving
showed an avoidance bias for chocolate-contairaond)t Thus, it appears that a more robust
approach bias towards high-calorie foods can bedan certain subgroups of individuals
(e.g., those with high trait food craving) whiletbapproach tendencies can only be detected

inconsistently in the general population.

The association between approach bias towardsgnddrait chocolate craving,
however, was only found for individuals for whidtetcontent of the picture was relevant to
the task (i.e., in the content group). This washier corroborated by similar associations with
a general preference for these foods (i.e., palayaénd valence ratings). Importantly, only
approach bias scores in the content group provéee teliable while internal reliability was
unacceptable in the frame and symbol groups. Wiesyould argue that although the present
results do not represent a direct replication ef/jmus joystick-based studies, they are in line

with results showing that instructions that makeagm valence task relevant seem to produce
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more reliable detection of approach tendencieslagid correlates (Kersbergen et al., 2015;

Lender et al., 2018; Phaf et al., 2014).

The auxiliary finding that state chocolate cravordy increased in the content group,
but not in the other groups, supports these obseng The lack of craving induction and of
finding an approach bias (or respective correlatiwith trait chocolate craving) in the
irrelevant task instruction conditions (in whichrfigipants attended to either frame colors or
to overlaid symbols) point to the relevance of stale attention. Specifically, it seems that
participants were able to successfully ignore pettontents and single out task cues (i.e.,
frames and symbols) in the service of efficienk fasrformance. This again favors the use of
relevant over irrelevant task instructions and daN&with the ongoing debate on whether
emotional material generally captures attentioomatically or whether some degree of
attention to the images is necessary for an obgservaf the downstream emotion-related
processing bias (Carretié, 2014). Yet, neither ndarg craving and hunger before the task
nor task-induced craving and hunger increases asseciated with approach bias scores in
the content group. Given the associations founddet approach bias and trait chocolate
craving as well as palatability/valence ratingss thight suggest that correlates of approach—
avoidance biases are more trait-like in naturerafidct overlearned stimulus—response
associations rather than momentary oscillatiomaativational state. Thus, future research is
necessary that clarifies the relationships betveshand state food craving and approach

tendencies towards food.

While the current findings indicate that our tosicteen-based paradigm is a valid
measure of food-related approach bias, furtheresutday test whether the current paradigm
can be generalized for measuring approach—avoidaases to other stimulus classes and in
other samples as well (e.g., approach bias to almbeverages in heavy drinkers or to

smoking stimuli in smokers). In addition, the cumreample consisted of predominantly
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normal-weight women and group sizes were moderéuas, replication of the current results
in larger and more representative samples is neddedher future avenue would be to
investigate the current paradigm in relevant cahgamples such as individuals with eating
disorders and obesity. Furthermore, while subjeatatings of chocolate liking and craving
provide support for validity of our task, futuresearch need to include validation criteria
other than self-report (e.g., actual food consuamptiFinally, given that current food-related
approach—avoidance trainings do not reliably chasgmg behavior (Aulbach, Knittle, &
Haukkala, in press), future studies may examinaifigeof our more naturalistic touchscreen

paradigm for modifying approach bias towards fond gBood consumption.

In conclusion, the current results are partiallyime with previous joystick-based
AAT studies and associations with approach biasveeit constructs such as trait chocolate
craving support validity of our touchscreen-basé&i AFuture research may examine if and
how such a touchscreen-based AAT may be employad approach bias modification

training for reducing consumption of appetitive staimces.
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Footnotes

Two participants had to be excluded due to techiiiculties (program hang for one
participant and failure to produce a valid outplat for another participant). Data of one
participant contained only two valid trials. Onetmapant had a conspicuously fast median
reaction time in the second block (210 ms for pgllobjects, 254 ms for pushing food). Thus,
we excluded data from this participant becauseticatimes of all other participants in each
of the four conditions were slower than 400 mstfr@mmore, these reaction times resulted in
an approach bias score-6f10 ms while scores ranged betwe891 and 273 ms for all other

participants.

“Picture numbers in the food-pics database: 004, 008, 111, 137, 140, 162, 163, 165, 168,
189, 286, 289, 465, 500, 510 (chocolate picturE3d)4, 1015, 1045, 1056, 1059, 1095, 1146,

1188, 1212, 1226, 1227, 1260, 1265, 1279, 12833 {28utral pictures).
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Table 1

Participant characteristics as a function of group
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N =107

Content group (n = 36)

Frame group (n = 35)

Symbol group (n = 36)

Test statistics

Sex (female)

Age (years)

Body mass index (kg/m?2)

Nationality (German)

Occupation (Students)

Handedness (right-handed)

Currently dieting (yes)

Past dieting (yes)

Palatability ratings (food)

Valence ratings (food)

Valence ratings (objects)

Food Cravings Questionnaire—Trait—reduced
(chocolate version)

Food Cravings Questionnaire—State (chocolate craving
subscale)

Food Cravings Questionnaire—State (hunger subscale)

n = 26 (72.2%)

M = 23.1 (SD = 4.96)
M =21.8 (SD = 2.33)
n = 24 (66.7%)

n = 30 (83.3%)

n = 33 (91.7%)

n = 8 (22.2%)

n =22 (61.1%)

M =4.88 (SD = 1.01)
M = 4.82 (SD = 1.05)
M = 3.52 (SD = 0.87)
M = 38.1 (SD = 16.0)

M = 23.7 (SD = 9.65)

M = 6.97 (SD = 3.52)

n = 28 (80.0%)

M = 24.0 (SD = 7.14)
M = 22.9 (SD = 3.74)
n = 21 (60.0%)

n = 32 (91.4%)

n = 31 (88.6%)

n =9 (25.7%)

n = 24 (68.6%)

M =4.67 (SD = 1.11)
M = 4.69 (SD = 1.04)
M = 3.52 (SD = 1.05)
M = 33.8 (SD = 14.5)

M = 25.3 (SD = 8.07)

M = 7.54 (SD = 2.84)

n = 24 (66.7%)

M = 22.9 (SD = 5.34)
M = 22.4 (SD = 3.11)
n = 20 (60.7%)

n = 34 (94.4%)

n = 35 (97.2%)

n = 8 (22.2%)

n = 24 (66.7%)

M =5.01 (SD = 0.99)
M = 4.76 (SD = 1.09)
M = 3.61 (SD = 0.74)
M = 34.1 (SD = 10.4)

M = 26.2 (SD = 8.03)

M = 7.44 (SD = 2.68)

X2=1.61, p=.482, ¢=.123, BFy, = 0.23
Fe.iom = 0.34, p = .711, 2 = .007, BFyo = 0.12
Feios = 1.12, p = .331, 2 = .021, BFy, = 0.22

X2 =3.14, p = .529, 9= .175, BFy, = 0.17

X2=5.93, p = .740, 9= .243, BF;, = 0.32

x2=1.99, p = .352, ¢=.136, BFy, = 0.63

X2=0.21, p =.919, ¢=.039, BF;, = 0.12

X2=0.50, p = .819, 9= .067, BFy, = 0.12
Fe.ios = 0.94, p = .395, 2 = .018, BFyo = 0.19
Fe.10s = 0.14, p = .871, n,2 = .003, BFy, = 0.10
Fe.ion = 0.12, p = .884, N2 = .002, BFy, = 0.10
Fe.ios = 1.09, p =.340, n,2 = .021, BFy, = 0.21

F(2,104) =0.80, p= 454, r]p2 =.015, BF,, =0.17

Fe.10s = 0.36, p = .698, 2 = .007, BFyo = 0.12
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Means and standard deviations of reaction timemg@has a function of group, direction, and stinsulu

pull push
food objects food objects
M SD M SD M SD M SD
Content group (n = 36) 653 93.7 681 87.0 645 77.9 692 83.6
Frame group (n = 35) 540 64.0 545 68.8 552 63.1 558 73.2
Symbol group (n = 36) 616  89.6 602 87.8 620 85.4 617  91.3
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Figure captions

Figure 1 Experimental setup. (A) Participants sat in froh& table on which a touchscreen
monitor was positioned in portrait orientation wéth angle of approximately 20°. (B) Each
trial began with display of a hand symbol in thatee of the screen. When participants
touched this symbol with five fingers, a picturgpapred beneath their hand. Participants were
instructed to move the stimulus away from or towatikemselves, depending on the content
of the picture (content group), color of the frafframe group), or symbol in the middle of

the picture (symbol group). The picture disappearatithe next trial started when the picture

reached the correct border of the screen.

Figure 2 Simple slopes probing the interaction betweengr@nd palatability ratings of the
food pictures (A), between group and valence ratwighe food pictures (B), and between
group and scores on the chocolate version of tloel &yavings Questionnaire—Trait—reduced
(C) when predicting approach bias scores. Possigajficant associations between the
independent variables and approach bias scoresamyged in the content group, but not in

the frame or symbol group.



Start signal appears in the Trial starts when subject Stimulus appears on the Subject moves stimulus Trial completed when
middle of the screen touches the symbol screen up or down picture reaches border
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