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A B S T R A C T

Eating behavior in obesity resembles addictive disorders in that individuals have difficulties inhibiting proble-
matic eating behavior. They show an approach bias – a tendency to approach rather than avoid problematic
stimuli. Here, we investigate the existence of such a bias towards healthy and unhealthy food in individuals with
normal-weight and obesity. We further aimed to assess whether it is possible to retrain a bias, and whether
training would differentially affect our two weight groups. 60 participants completed a training form of the
Approach-Avoidance Task (AAT) on three consecutive days. Using a joystick, they were implicitly trained to
approach healthy and to avoid unhealthy food pictures. Prior to training, individuals with obesity showed
stronger approach tendencies towards food pictures than normal-weight individuals. In individuals with obesity,
approach tendencies could be diminished for unhealthy food through one training session and stayed weakened
for the following days. In normal-weight participants, approach tendencies towards healthy food could be en-
hanced over the days of training. Findings indicate that automatic approach tendencies can be changed through
training, thus offering possibilities for obesity treatment. Future studies should expand on these findings, for
example by including pictures of neutral objects or a no-training control condition.

1. Introduction

Complex interactions of biological, psychological and socio-cultural
factors underlie obesity. Among these factors, physical inactivity and
increased intake of high-energy food are crucial determinants of ab-
normal weight gain [1]. Research of eating behavior in individuals with
obesity indicates phenomenological and neurobiological similarities to
addictive behaviors (e.g. [2,3]). Individuals with obesity, for example,
show difficulties inhibiting automatic behavior, described as the in-
ability to consciously suppress automatic or prepotent responses [4–6].
A tendency to repeatedly display the same behavior, e.g. automatically
approaching rather than avoiding certain stimuli, is called an approach
bias. It often renders human behaviors paradoxical, in that actions are
initiated that are seemingly incongruent with previous plans. Mala-
daptive behaviors (e.g. unhealthy food intake despite a healthy diet
plan) appear to be compulsive and difficult to change, often continuing
at great personal cost. Therapeutic means to target this would be of
considerable interest to practitioners in the field.

Dual process models address mechanisms underlying automatic
behavior. The Reflective-Impulsive Model [7], for example, proposes

that behavior is governed by two independent but interacting systems.
The faster impulsive system is hereby guided by previously formed
associations, while the slower reflective system is said to consciously
integrate and weigh prior knowledge [8,9]. Automatic approach or
avoidance behavior would then be generated by the fast impulsive
system - activated through positively or negatively associated stimuli -
independently of prior intentions. This model gives rise to the notion of
targeting impulsive processing when trying to change unwanted or
problematic behavior (e.g. [9]).

The Approach-Avoidance Task (AAT; [56]) hereby presents an ex-
perimental measure to assess and modify automatic behavioral ten-
dencies. In this task, having to push or pull a joystick upon stimulus
presentation simulates approach or avoidance movements (see methods
for details). Participants would display an approach bias if they tend to
react with approach rather than avoid movements towards a specific
stimulus category (for example unhealthy food pictures). An approach
bias to a specific food or substance is linked to increased consumption
thereof [51,52], underlining the importance to investigate the existence
of such a bias and possibilities to change it. A training version of the
AAT aims to change automatic behavior, in that participants have to
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repeatedly react with avoidance movements when presented with
problematic stimuli and with approach movements when presented
with unproblematic stimuli.

AAT results from various contexts indicate that automatic approach
and avoidance tendencies indeed underlie problematic behaviors.
Current smokers displayed an approach bias towards smoking cues in
comparison to both ex- and non-smokers [10]. Heavy versus light
cannabis users demonstrated an approach bias towards cannabis cues
[11,55] and hazardous drinkers, as compared to controls, were found to
display an approach bias towards alcohol-related cues [9]. Automatic
avoidance behavior has been found towards facial expressions in highly
socially anxious individuals [12], as well as in spider-fearful individuals
towards spider pictures [56].

Despite the parallels between eating behavior in obesity and ad-
dictive and behaviors, only a few studies have examined the existence
of automatic behavioral tendencies towards food, using different ex-
perimental measures and samples: Using an approach-avoidance ver-
sion of the implicit association task (IAT), Kemps and Tiggemann [13]
found that individuals with obesity, versus normal-weight controls,
displayed an approach bias towards food cues. In their study they
paired food and non-food words with approach and avoidance words.
Applying the same task, they further found that normal-weight women
displayed an approach bias towards chocolate cues, which also corre-
lated with chocolate craving [14]. Similar findings came from a study
using an explicit stimulus-response compatibility task, where a manikin
has to be moved towards or away from food and non-food pictures [15].
Individuals with obesity and overweight displayed faster approach than
avoidance movements towards food pictures. Applying the AAT in the
food context, one study compared individuals with high or low scores of
trait food craving. The found that individuals with higher scores dis-
played an approach bias towards food [16].

The presence of these underlying automatic action tendencies raises
the question of whether they can be modified, and through that po-
tentially change problematic behavior. Behavioral retraining studies do
provide evidence for instrumental control over automatic behavior.
Applying the AAT-training, Wiers et al. [10] were able to reduce ap-
proach tendencies towards alcohol-related cues in hazardous drinkers,
while Amir et al. [17] successfully reduced avoidance tendencies to-
wards feared objects. In the food context, evidence for training effects is
less clear. Three single session studies using the AAT-training were
conducted in normal-weight women, training them to avoid unhealthy
and to approach healthy food pictures. Results provided no conclusive
effectiveness for AAT-training [49]. Other studies, however, success-
fully altered automatic action tendencies, e.g. when training normal-
weight participants to approach or avoid chocolate cues [18,19]. Fur-
ther, Brockmeyer et al. [16] decreased an approach bias towards high-
calorie food in high trait food cravers. The different results in the food
context could be due to several factors. Studies varied in target groups
(normal-weight women, individuals with or without food craving),
stimulus material (pictures of chocolate, neutral objects, high- and low-
calorie food items) and control condition (with or without sham-
training condition). Stice et al. [20] additionally suggest that results
could vary because AAT-training involves the execution of a motor
response - push and pull movements - directly to healthy and unhealthy
foods, rather than training behavioral response inhibition to unhealthy
foods alone. Despite the variance in results and methodology, evidence
for the effectiveness of AAT-training appears promising and should
hence be further investigated.

Within this study we therefore aimed to implement a food-specific
AAT-training in the context of obesity. To our knowledge, this has not
been done before. It was to be examined, firstly, whether individuals
with obesity differ from those with normal-weight regarding their au-
tomatic behavioral tendencies towards unhealthy and healthy food.
Secondly, we wanted to explore whether an AAT-training could induce
two specific effects: an approach reaction towards healthy food and an
avoidance reaction towards unhealthy foods. It was further of interest,

whether training would differentially affect individuals with normal-
weight and obesity. In the context of food and obesity, however, several
additional factors have to be considered.

According to the reflective-impulsive model, automatic behavior
might be triggered by previously formed associations, e.g. how positive
or negative we perceive healthy or unhealthy foods. These underlying
associations can guide automatic behavioral responses – approaching
positive things and avoiding negative ones. In order to account for this,
the Implicit Association Task (IAT; [21]) was included as an additional
measure. The aim of implementing the IAT was to evaluate whether
individuals with normal-weight and obesity differ in their associations
towards healthy and unhealthy food and how this might relate to au-
tomatic approach and avoidance tendencies. Individuals with obesity,
for example, have been shown to exhibit more negative associations
with high-fat foods than normal-weight individuals [22].

In the context of normal-weight and obesity, differences in general
eating behavior should further be considered and accounted for. In
addition to the experimental tasks, we therefore included the Three-
Factor-Eating Questionnaire (TFEQ; [31]). Here, eating is assessed on
the dimensions cognitive restraint, disinhibition and susceptibility to
hunger. These factors might not only differ between individuals with
normal-weight and obesity, but might also affect automatic approach
and avoidance behavior. Restraint has previously been related to
stronger approach tendencies towards food [23], while all three di-
mensions have repeatedly been shown to positively correlate with BMI
(e.g. [24–26]).

Lastly, previous research indicates that certain temperamental fac-
tors - namely behavioral activation and behavioral inhibition - are re-
lated to both BMI and food approach [2,54]. These factors refer to the
reinforcement-sensitivity theory [27], which proposes that behavior is
triggered by two underlying motivational systems. The behavioral ac-
tivation system (BAS) is described as the appetitive system, which is
sensitive to reward and positive consequences and motivates approach
behavior. The behavioral inhibition system (BIS), on the other hand,
represents the aversive system. It is said to inhibit behavior associated
with loss of reward or punishment [27]. Previous studies have shown,
for example, that reward sensitivity is positively related to BMI and
eating habits that support weight gain (e.g. [28,29]). Behavioral acti-
vation and inhibition was therefore assessed in line with the re-
inforcement sensitivity theory (BIS/BAS; [32]). We wanted to account
for possible differences between our weight groups and explore how
this might relate to stronger food approach or avoidance tendencies
within the AAT.

The overall aim of the current study was to investigate the efficacy of
AAT-training specifically in the context of obesity. We firstly wanted to
explore if and how individuals with obesity differ from normal-weight ones
regarding automatic action tendencies towards healthy and unhealthy food.
We then wanted to assess whether automatic action tendencies could be
modified through an implicit training. Specifically, we trained individuals
to approach healthy and to avoid unhealthy food. To test for possible cu-
mulatory effects [30], participants took part in the AAT-training on three
consecutive days. We hypothesized that participants would become faster in
approaching healthy food and avoiding unhealthy food. We further wanted
to explore whether our proposed training effects are specific to trained
pictures or could possibly be generalized to untrained ones of the same
category. A generalization effect could serve as an indicator on whether
training effects might carry over into everyday eating behavior. We there-
fore only trained a subset of healthy and unhealthy pictures, to then assess
whether training-induced changes can only be observed in the trained
subset or in the entire image category. A number of additional factors were
included in this study: positive or negative associations towards food,
general eating behavior and behavioral activation and inhibition as related
temperamental factors. Our aim was to examine how these factors relate to
approach and avoidance tendencies and the trainability thereof. We further
wanted to test and account for possible differences between individuals
with normal-weight and obesity.
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2. Methods

2.1. Participants

Our sample consisted of 30 normal-weight individuals (body mass
index [BMI] between 18.5 and 24.9 kg/m2) and 30 individuals with
obesity (BMI≥ 30 kg/m2) between the age of 18 and 35 years.
Participants were recruited via flyers, advertisements and out of the
database of the Max Planck Institute. Before inclusion, participants
underwent a telephone interview, where they were screened for their
history of psychological and metabolic disorders, food allergies, dietary
habits and general health. As we wanted to recruit a sample of healthy
individuals with normal-weight and obesity, only those who reported to
have no history of psychological or metabolic disorders were included.
Further, none of the participants underwent bariatric surgery. We also
excluded individuals who were following a special diet (e.g. vegans,
vegetarians or due to food allergies), as this might influence avoidance
tendencies regarding our used food stimuli.

Sample size was determined a priori based on effect sizes obtained
in previous studies (e.g. [16]). All participants received a compensation
of 7 €/hour. The study received ethics approval from Leipzig University
and all participants gave informed consent prior to their inclusion. For
sample characteristics see Table 1.

2.2. Measures and materials

Within this experiment, we applied a task to measure implicit as-
sociations (IAT; [21]) and automatic action tendencies (AAT; [9]). We
further implemented questionnaires in order to assess eating behavior
and behavioral activation/inhibition.

2.2.1. Procedure
The study was conducted on 4 consecutive days (see Table 2). On

day one, upon arrival, participants started the experimental task with a
pre-IAT, followed by the AAT, ending with a post-IAT. The experi-
mental task took about 60min and was repeated on day two and three.
Participants returned on the fourth day to fill out questionnaires.
Questionnaires were put at the end of the protocol so that there was no
focus on eating behavior prior to the experimental tasks. Participants
were instructed to arrive in a rested and sated state, which was ad-
ditionally assessed through hunger and tiredness rating on a Likert scale
(from 0 to 10, with 0=not hungry at all and 10=very hungry).

2.2.2. Questionnaires
2.2.2.1. Three-Factor Eating Questionnaire (TFEQ; [31]). This 51-item
self-reported questionnaire assesses three components of eating
behavior on three subscales. Cognitive restraint measures the intent
to control food intake (21 items, scale range 0–21, Cronbach's
Alpha=0.84), disinhibition measures overeating tendencies (16
items, scale range 0–16, Cronbach's Alpha= 0.75), and hunger
assesses food intake in response to feelings of hunger (14 items, scale
range 0–14, Cronbach's Alpha= 0.76). Higher scores indicate higher

levels of cognitive restraint, disinhibition and susceptibility to hunger,
respectively.

2.2.2.2. BIS/BAS [32]. This is a self-reported questionnaire that
assesses two motivational system - the behavioral approach system
(BAS) and the behavioral inhibition system (BIS). It contains 2 scales
and a total of 24 items, including four distraction items. Items are
answered on a four-point Likert scale ranging from 1 (“totally agree”) to
4 (“totally disagree”). The BIS scale contains 7 items (scale range 7–28,
Cronbach's Alpha=0.78) and measures individual sensitivity to
punishment. The BAS scale has 13 items (scale range 13–52,
Cronbach's Alpha= 0.81) and assesses sensitivity to reward. The BAS
scale further contains three lower-order subscales: reward
responsiveness, drive and fun seeking. Higher scores indicate that
individuals are more sensitive to reward (BAS scale) and punishment
(BIS scale).

2.2.3. Experimental tasks
2.2.3.1. Modified Approach Avoidance Task (AAT). The AAT was
designed to measure automatic approach or avoidance tendencies
[56] and was successfully implemented in clinical and experimental
settings, for example in the context of alcohol or cannabis consumption
(e.g. [11,33]). We adapted it to the context of food in line with the
study protocol of Wiers et al. [9]. Participants were presented with
healthy and unhealthy food pictures in two different formats (landscape
vs. portrait). Using a joystick, they were instructed to respond as
quickly as possible to the format only and not the actual content of the
image (e.g. push landscape as fast as possible, pull portrait as fast as
possible). Approach actions were realized through pull movements,
avoidance actions were realized by pushing the joystick away. Motoric
movements were hence represented by arm flexion versus arm
extension. In congruence with either push or pull movements,
pictures became smaller to strengthen the impression of avoidance, or
bigger to mimic approach (see Fig. 1). Reaction times (RT's) from image
onset until the push or pull reaction of the participant served as an
outcome measure. Reliable differences in pulling or pushing healthy or
unhealthy pictures present implicit automatic action-tendencies, as
they are independent of the objective to react to picture format (e.g.
significantly faster RT'S when a positively associated stimulus comes in
pull/approach format). Behavior is then assumed to be triggered by
automatic evaluations of the picture content.

In our experiment the AAT started with a practice phase (20 trials)
where participants learned to react as fast as possible by pushing or
pulling rectangles based on their format (landscape vs. portrait). This
part included a feedback feature for correct, incorrect and too slow
responses (RT > 3000ms). In order to assess baseline differences be-
tween categories, the practice phase was followed by the pre-training
phase, in which 40 healthy and 40 unhealthy food pictures appeared
equally often in push- or pull-format (180 trials). RT's are hereby as-
sumed to be reliably faster for congruent conditions: positively eval-
uated stimuli in approach format and negatively evaluated stimuli in
avoid format. The pre-training phase then changed to a training-phase,

Table 1
Sample characteristics, p-values reflect group differences calculated with an independent sample t-test.

Sample characteristics

Normal-weight participants Obese participants

Sex 15 ♀, 15 ♂ 15 ♀, 15 ♂
Mean age 28.5 years (SD=3,5 years) 28 years (SD=3.5 years) p= .582
Mean BMI 21.9 (SD=1.7) 35.2 (SD=5.2) p < .001
Image rating health Healthy: 9.08 (SD=0.35) Healthy: 8.81 (SD=0.69) p > .05

Unhealthy: 2.71 (SD=0.99) Unhealthy: 2.73 (SD=0.75) p > .05
Image rating liking Healthy: 8.14 (SD=1,01) Healthy: 7.08 (1.10) p > .05

Unhealthy: 6.38 (SD=1,68) Unhealthy: 5.84 (1.45) p > .05
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unbeknown to participants. During this part, 90% of unhealthy pictures
appeared in push-format, only 10% in pull-format. Vice versa, 90% of
healthy pictures were pull-format, only 10% push-format (440 trials).
The training phase was meant to induce two separate effects: an ap-
proach reaction towards healthy food and an avoidance reaction to-
wards unhealthy food. The training phase was followed by the post-
training phase, which was identical to the pre-training phase. Changes
in reaction tendencies can then be assessed by comparing reaction times
during the pre- and the post-training phases.

We further wanted to explore whether possible training effects
would be specific to trained pictures only or could be generalized to
untrained pictures of the same category. Therefore, only half of the
pictures used in the pre- and post-training phase were included in the
training phase. This allows testing for a generalization effect by com-
paring RT'S of trained and untrained pictures of the same category. The
total number of push- and pull format pictures remained 50%/50%
during all three phases. A randomization vector for image presentation
was generated for each participant for each training session.

2.2.3.2. Implicit Association Test (IAT). To test whether automatic
action tendencies are moderated by implicit values of unhealthy and
healthy food, we used a food-specific IAT (for a detailed description of
the IAT see [21]). Here, this task measures association of two target
concepts (healthy/unhealthy food) with two attributes (positive/
negative) and was conducted before and after the AAT. Food pictures
were again provided in two different formats (landscape or portrait).
Positive and negative stimuli consisted of positive and negative words

(e.g. war vs. gift).
Participants first learned to associate the target and attribute cate-

gories with one side of the computer screen (e.g. positive= left, ne-
gative= right, landscape format= left, portrait format= right) by
sorting them using corresponding keys as fast as possible. Healthy and
unhealthy pictures were then shown in different combinations with
positive and negative words. Participants were expected to react slower
when having to sort a positively associated food image on the nega-
tively associated side of the screen and vice versa. The IAT effect is then
defined as the difference in RT's between one sorting condition (here
unhealthy food/positive versus healthy food/negative) and the other
sorting condition (unhealthy food/negative versus healthy food/posi-
tive) [34,35]. Differences in RT's for the sorting conditions are seen as
an indicator for the strength of underlying associations. Since in our
study, however, participants were instructed to react to picture format
instead of picture content, effects were not measured as direct asso-
ciations between the target category (healthy/unhealthy) with the at-
tribute category (positive/negative), but as indirect ones. This way we
wanted to investigate associations towards food without explicitly
formulating the categories healthy and unhealthy, which is hence in
line with the AAT-training.

2.2.4. Stimulus material
Food pictures for the experimental tasks were selected from the

food-pics database [36] and categorized in unhealthy and healthy
pictures in line with nutritional values and guidelines, e.g. nutritional
tables [37], the Healthy Eating Index [38], or the Dietary Guidelines for

Table 2
Complete study protocol.

Day 1 Day 2 Day 3 Day 4

Hunger, tiredness ratings Hunger, tiredness ratings Hunger, tiredness ratings Hunger, tiredness
ratings

Pre Implicit Association Task Pre Implicit Association Task Pre Implicit Association Task Questionnaires:
TFEQ
BIS/BAS

Approach Avoidance Task Approach Avoidance Task Approach Avoidance Task
Post Implicit Association Task Post Implicit Association Task Post Implicit Association Task

Fig. 1. Modified Approach-Avoidance task; participants react to image format - vertical vs. horizontal - by pulling (top row) or pushing (bottom row) a joystick.
Images will then become larger or smaller.
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American Adherence Index [39].
Used stimulus material needed to be clearly identifiable as healthy

and unhealthy from both objective and subjective perspectives. We
therefore conducted a pre-rating online survey, in order to validate
nutritional categorization. Participants (n=98, BMI range from 18 to
36 kg/m2) were asked to rate food pictures on a scale from 0 to 10
(0= unhealthy, 10= healthy) regarding how healthy or unhealthy
they perceived them to be. Only food pictures with unambiguous rat-
ings (mean ratings between 0 and 2 or 8–10) were selected for the
experiment. The implicit association task further included positive and
negative stimuli words, which were taken from the Berliner Affective
Word List Reloaded [40] and had been previously rated for emotional
valence and arousal within a pilot study.

2.3. Statistical analysis

2.3.1. AAT
We compared RT's across categories (healthy/unhealthy food) in the

different conditions (approach/avoid) during all three phases of the
experiment. Mean RTs were calculated for the four categories (heal-
thypush, healthypull, unhealthypush, unhealthypull). Bias scores were
generated by calculating difference scores per category (healthypush -
healthypull and unhealthypush - unhealthypull), where a positive score
reflects faster approach than avoidance reactions within the category.

We assessed baseline group differences by comparing mean RT's of
the four categories from day 1 during the pre-training phase. We con-
ducted a 2× 2×2 analysis of variance (ANOVA) with image category
(healthy vs. unhealthy) and movement direction (push vs. pull) as
within-subject factors and weight status (normal-weight vs. obese) as
between-subject factor. Using a t-test, we further assessed whether
baseline bias scores differed from zero in our two weight groups.

Pre- and post-training bias scores were analyzed using a repeated
measures 2× 2×2×3 ANOVA with weight status (normal-weight vs.
obese) as between-subject factor and image category (healthy vs. un-
healthy), time (pre-training vs. post-training) and training day (day 1, 2
or 3) as within-subject factors. Generalization effects were tested with a
repeated measures 2×2×2 ANOVA with weight status (normal-
weight vs. obese) as between-subject factor and image category
(healthy vs. unhealthy), time (pre-training vs. post-training) and picture
set (trained vs. untrained) as within-subject factors. As each participant
had an individual randomization vector for each training day, pictures
included in the training phase differed throughout the training sessions.
We therefore analyzed generalization effects individually for each
training day.

We also conducted a follow-up paired t-test comparing pre-training
bias scores from day one with post-training bias scores from day three
(for healthy and unhealthy pictures), in order to assess total training
effects. The AAT task was performed with a high level of accuracy
(mean error rate 0.09) and consequently no subject had to be excluded
based on error rate (n=60, 30 per group).

2.3.2. IAT
The IAT was analyzed following previous protocols (e.g. [34];

Kemps & Tiggemann, 2014) calculating median RT's of the categories
healthynegative, healthypositive, unhealthynegative and unhealthypositive.
Bias scores generated by subtracting the pairings healthynegative - un-
healthypositive from healthypositive - unhealthynegative. The difference
between these two pairings provides an index of the implicit attitude
towards the target category (healthy vs. unhealthy), where a positive
score reflects a positive association. To avoid that results are driven by
outliers and skewness of the data's distribution, we computed median
RT's instead of mean RT's for the IAT. 13 participants had to be ex-
cluded from the analysis due to high error rates (> 0.3), producing a
sample size of n=47 (24 normal-weight and 23 participants with
obesity).

For both tasks, only RT's of correct trials were included and

RT's< 300ms or> 3000ms were considered as being either antici-
patory or delayed and excluded from analysis. Further, RT's> 3 SDs
above or below the individual mean were treated as outliers and also
excluded.

2.3.3. Questionnaires
Group differences were assessed using a Mann-Whitney-U Test for

independent samples, as normality tests revealed that questionnaire
data was not normally distributed.

2.3.4. Correlation analysis
To investigate relations between experimental and questionnaire

measures, we further conducted correlation analysis using spearman
rank correlations. We conducted correlation analysis for all participants
and separately for normal-weight participants and participants with
obesity. This way, we wanted to explore whether possible relationships
between variables are general or weight-group specific.

3. Results

Our sample of individuals with normal-weight and obesity did not
significantly differ regarding age (p= .582). Further, groups did not
significantly differ regarding their baseline hunger and tiredness feel-
ings (lowest p= .297) and how they rated the stimulus material (lowest
p= .328).

3.1. AAT

For baseline differences we examined mean reactions times on
the one hand and calculated bias scores on the other hand. Regarding
mean RT's, we found significant main effects of image category
(F[1,58] = 5.36, p= .024, η2p= 0.084) and movement direction
(F[1,58] = 16.178, p < .001, η2p= 0.218), as measured by a 2×2×2
ANOVA. This indicates that participants of both groups generally re-
acted faster to healthy pictures, independent of format, and also when
pictures had to be pulled.

For calculated bias scores, we found that participants with obesity
displayed approach biases at baseline, as calculated bias scores sig-
nificantly differed from 0 for both healthy (t(29)= 2.98, p= .006) and
unhealthy pictures (t(29)= 5.16, p < .001). In contrast, bias scores
did not differ from 0 in normal-weight participants (see Fig. 2).

Bias scores (pre- and post-training) for healthy and unhealthy pic-
tures from all three training days were investigated in order to explore
how they change over time and whether possible changes are specific to
the weight group. A 2×2×2×3 ANOVA revealed significant inter-
action effects for image category ∗ time ∗ training day ∗weight status
(F[2,56] = 3.42, p= .04, η2p= 0.109), image category ∗ time ∗ training
day (F[2,56] = 5.51, p= .007, η2p= 0.164), image category ∗ time
(F[1,57] = 58.54, p < .001, η2p= 0.51), and training day ∗weight status
(F[2,56] = 4.27, p= .019, η2p= 0.13). Significant main effects were
found for time (F[1,57] = 6.13, p= .016, η2p= 0.097) and image cate-
gory (F[1,57] = 62.30, p < .001, η2p= 0.52) (see Fig. 3). These results
indicate that healthy and unhealthy pictures were trained differently
over the three training days and that training effects also differed be-
tween weight groups: Normal-weight participants mainly displayed
significantly increased approach towards healthy pictures, while par-
ticipants with obesity significantly decreased their approach tendencies
towards unhealthy food. We further found that training effects could
already be observed after one session, as there was a significant three-
way interaction of image category ∗ time ∗weight status on the first day
(F[1,58] = 5.55, p= .02, η2p= 0.087). Significant main effects were
again found for time (F[1,58] = 4.58, p= .037, η2p= 0.073) and image
category (F[1,58] = 16.94, p < .001, η2p= 0.226) (see Fig. 3).

We also wanted to test for total training effects, investigating
whether bias scores for unhealthy and healthy pictures changed from
day one to day three. Pre-training bias scores from day one were
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therefore compared with post-training bias scores from day three. We
found that in normal-weight individuals the bias score for healthy
pictures increased significantly from day one to day three (t
(29)=−2.95, p= .006), while in individuals with obesity the bias
score for unhealthy pictures decreased significantly from day one to day
three (t(29)= 4.82, p < .001) (see Fig. 3).

We further investigated a possible generalization effect, where

healthy and unhealthy food pictures were divided into a trained and an
untrained picture set. Data from the first training day shows significant
interactions for image category ∗ time ∗ picture set (F[1,56] = 11.09,
p= .002, ηp

2= 0.17), image category ∗ picture set (F[1,56] = 4.09,
p= .048, ηp

2= 0.07), and image category ∗ time (F[1,56] = 36.00,
p < .001, ηp

2= 0.39). A main effect was found for image category
(F[1,56] = 20.50, p= .009, ηp

2= 0.27). This indicates that training
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Fig. 2. (left) Day 1 baseline mean RT's for the two image categories (healthy and unhealthy) and the direction of action (push vs. pull) and (right) the calculated day 1
baseline bias scores for healthy and unhealthy images (error bars:± 1 SE) in groups of lean and obese individuals.
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was a significant interaction between image category ∗ time ∗ training day ∗weight status (p= .007, error bars:± 1 SE).
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effects did not generalize to untrained pictures of the same category,
shown by the significant three-way interaction. For the second and
third training day, there was no generalization effect as well, as the
interaction between image category, time, and picture set stayed sig-
nificant (p < .05).

3.2. IAT

Low test-retest reliability (alpha < 0.45 from pre- to post-IAT on all
three training days and between training days) made us doubt the
construct validity of our modified version of the implicit association
test. In addition, 13 participants had to be excluded due to error rate
(> 0.30). We therefore did not further analyze the data from this task.

3.3. Questionnaires

Individuals with normal-weight and obesity significantly differed
regarding the BIS scale sensitivity to punishment (U=288.5, p= .015,
r=−0.30), where individuals with obesity reported to be less sensitive
to punishments/aversive outcomes than normal-weight individuals.
There were also group differences for the BAS scale sensitivity to re-
ward (U=318, p= .034, r=−0.27), where individuals with obesity
stated to be less sensitive than normal-weight individuals. Individuals
with obesity further indicated higher levels of disinhibited eating, as
measured by the disinhibition variable of the TFEQ (U=611, p= .016,
r= 0.32). No other significant group differences were found (lowest
p= .132)

3.4. Correlations

We found no significant correlations between questionnaire vari-
ables and AAT approach/avoidance measures for all participants and
also for both groups separately (lowest p= .067)

4. Discussion

This study examined the presence of automatic action tendencies
towards healthy and unhealthy food in individuals with normal-weight
and obesity and whether these tendencies could be retrained in specific
directions: approaching healthy food and avoiding unhealthy food.
Furthermore, implicit associations were investigated regarding their
relation to automatic behavior. A modified version of the Approach
Avoidance task [41] was used to address the first aspect of this study.
Our findings indicate that there were general group differences in ap-
proach behavior, in that individuals with obesity showed an approach
bias towards both healthy and unhealthy food pictures at baseline,
whereas normal-weight individuals did not display significant bias
scores. Approach tendencies were hereby higher for unhealthy than for
healthy pictures, as reflected by mean bias scores. When looking at
baseline mean reaction times, however, participants in both groups
generally reacted faster for healthy pictures and pictures in the ap-
proach format. We further found that automatic action tendencies could
be changed via implicit training. The training was already effective
after one session: approach towards healthy food could be enhanced
while approach towards unhealthy food was eliminated. This is in line
with previous studies, e.g. in the context of alcohol [30], food [19], or
with feared objects [17].

Though it is promising to find effects after one training session,
previous studies found multiple session designs to be generally more
effective (e.g. [30,42,43]). Implementing the AAT-training on three
consecutive days, our results indicate that the successful extinction of
approach tendencies towards unhealthy food on day one was a stable
effect and carried over to the following days. This was observed in both
groups, though only significant in participants with obesity. This is not
surprising however, as only this group showed significant baseline ap-
proach tendencies towards unhealthy food. Regarding healthy food,

approach behavior could be strengthened in both groups on day one
and two, but leveled off in participants with obesity on the third
training day. Consequently, total training outcome differed between
groups: normal-weight participants increased approach behavior to-
wards healthy food while participants with obesity decreased approach
behavior towards unhealthy food.

Furthermore, training effects were only found for pictures included
in the training phase and did not generalize to untrained pictures of the
same image category (healthy versus unhealthy). It hence appears as if
participants only learned to approach or avoid the subset of pictures
that was included in the training phase, without applying the training
to the categorical level. This is contradictory to the results of Wiers
et al. [9], where a generalization effect was found using pictures of
alcoholic and non-alcoholic beverages. A food being healthy or un-
healthy, however, might also not be as clear and one-dimensional as
‘with or without alcohol’ and hence not easily generalized. Especially,
since the healthy and unhealthy image categories contained both sweet
and savory foods. This might hamper possible generalization effects, as
the categories might have been too diverse in content.

Regarding the second aspect of our study - underlying implicit as-
sociations - we cannot make inferences from our results. As previously
stated, various issues with the data (e.g. the number of excluded par-
ticipants due to high error rate, and low test-retest reliability) make us
doubt the construct validity of our version of the implicit association
test. This could be due to the indirect association feature, where the
target concept was not healthiness of the pictures but picture format
instead. This feature was implemented in order to prevent priming
participants for the healthy and unhealthy categorization of pictures,
which could have confounded the AAT-training. Also, using image
format as a target category, our IAT version was congruent with the
used AAT version.

In previous research the IAT has been successfully implemented in
the food context, though it produced mixed findings. In children with
obesity, for example, an implicit liking has been found for healthy food
[44] but also for food in general [45], while in adults with obesity an
implicit dislike has been found for unhealthy food [22]. Upon further
research, however, we also found that low test-retest reliability has
previously been found to be a general issue with implicit association
measures (e.g. [46,47].). Altogether, we cannot make a statement re-
garding implicit associations in our study and would further not re-
commend implementing our version of the IAT in the food context.

As previously stated, the behavioral activation system (BAS) re-
presents an appetitive motivational (approach) system while the be-
havioral inhibition system (BIS) represents an aversive motivational
(avoid) system. They were investigated within this study to account for
differences between individuals with normal-weight and obesity and,
moreover, to explore how they might relate to automatic approach and
avoidance tendencies towards food. We firstly found that our groups
differ, in that participants with obesity stated to be generally less sen-
sitive to both reward and punishment. Previous research investigating
BMI and reward sensitivity has mainly found that the relationship ap-
pears to be curvilinear [2,48,53]. While BMI and reward sensitivity
appear to have a moderately positive relationship in normal-weight and
overweight individuals, they seem inversely related in individuals with
moderate and severe obesity. As we did not assess BMI on a continuous
level, it is difficult to put our observed difference in the context of these
previous findings. This lower reward sensitivity, however, stays in
contrast to our finding that individuals with obesity have greater au-
tomatic approach tendencies towards food than normal-weight parti-
cipants, as measured by the AAT. It has to be considered that the BIS/
BAS questionnaire is a general measure, whereas the AAT tries to assess
automatic reactions in a food-specific context. One is investigating in-
dividual beliefs about behavior, the other looks at behavioral tenden-
cies towards food. As implicated by dual process models [7], the in-
itiation of behavior does not necessarily have to be based on explicit
desires. In line, we found no significant correlation between baseline
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approach/avoidance measures of the AAT and BIS/BAS scales. As pre-
viously stated, we also found a lowered sensitivity to punishment in
individuals with obesity. This is not line with previous findings, where
sensitivity to punishment appeared to be not related to BMI (e.g. [2]).
Generally, a lower sensitivity for punishment and negative outcomes
could make individuals more prone to overeating; aversive outcomes
might not prevail and thus behavior does not get inhibited. This might
be supported by our findings of higher disinhibition in individuals with
obesity.

Disinhibition, as assessed by the TFEQ, has been repeatedly found to
be associated with higher BMI [2,25] and reflects the tendency to eat,
and more importantly overeat, in response to external cues. Within this
study, individuals with obesity indicated to have higher levels of dis-
inhibition than normal-weight participants. They have further dis-
played stronger approach tendencies towards external food cues, as
measured by the AAT. This combination of higher disinhibition and
greater automatic approach tendencies towards food could make it
difficult for individuals with obesity to change or refrain from un-
healthy eating behavior. This in turn might contribute to both the de-
velopment and maintenance of obesity.

Within obesity therapies it seems of great importance to target
systems that may help individuals with obesity to restrain from disin-
hibited eating and to control automatic action tendencies. The AAT
hereby presents a potential tool for intervention. Evidence from the
alcohol and anxiety domain suggests that automatic action tendencies
can be retrained [9,17]. Less research has been conducted in the food
context regarding cognitive bias modifications and has mainly been
done in normal-weight samples. Becker et al. [49], for example, tested
the effectiveness of approach-avoidance training and found no con-
clusive evidence across three single session studies. Though their first
study indicated that approach behavior towards unhealthy food tended
to decrease, this finding could not be replicated in their subsequent
studies. However, only normal-weight women were included in their
experiments. Within this sample a baseline approach bias towards food
might not be present and unhealthy food stimuli might not be con-
sidered problematic. In a more specific context, Kemps et al. [14]
paired approach and avoidance words with chocolate cues and de-
monstrated that normal-weight participants could be trained to ap-
proach or avoid chocolate. Another study also found that individuals
can be trained to avoid chocolate and that the training had effects on
subsequent consumption [19]. Further, Brockmeyer et al. [16] were
able to reduce an approach bias towards unhealthy food via training in
individuals with high levels of trait food craving. A study that in-
vestigated not approach but attentional bias modification found that
retraining normal-weight individuals to visually attend healthy pictures
did indeed encourage healthy eating [50]. Altogether, bias modification
appears to be an effective tool for changing problematic approach
tendencies into more beneficial routines. Our results add to the current
body of literature, in that they demonstrate that even though in-
dividuals with obesity display an approach bias towards food, the bias
is subject to instrumental control and can be retrained. Specifically, we
diminished an approach bias towards unhealthy food, which gives an
important implication for how these trainings work and what they
should target in the context of obesity.

A number of limiting factors have to be acknowledged. Though we
conducted a three-day training, effects were relatively immediate.
Within our design, we can therefore not make statements about the
longevity of training effects. This should be addressed in future studies,
through follow-up measure and by applying AAT-training over a longer
time period. More importantly, future studies should investigate if
training effects translate to actual eating behavior, for example by as-
sessing subsequent food intake. Also, as we wanted to gain more insight
into whether automatic action tendencies towards food differ between
weight groups, we investigated individuals with normal-weight and
obesity. Hence, we cannot look at the relationship between automatic
action tendencies and BMI on a continuous level. Additionally, we

cannot make statements about differential training effects, as we did
not have a control group that received no training. We further only
assessed approach and avoidance tendencies towards food pictures, not
including pictures of neutral non-food objects. Future studies should
include both a control condition and control pictures, against which
approach bias training towards food can be compared.

To sum up, we were able to demonstrate that automatic action
tendencies towards food differ between normal-weight individuals and
individuals with obesity and that bias modification works in the food
context. Further research should address how this could be im-
plemented in a more natural setting and how it then affects food intake
or food choice. This might have important implications for intervention
programs and could positively affect disadvantageous eating behavior.
We believe that cognitive retraining techniques could present a useful
tool that should be further investigated in clinical and practical settings.
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