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A B S T R A C T

Background and objectives: Research linking dietary restraint to attentional bias toward food cues has been
equivocal, suggesting that dietary restraint may only influence attentional processing of food in certain contexts.
The present study examined whether negative mood strengthens the association between dietary restraint and
attention bias for food.
Methods: Healthy female participants were randomized to either a neutral (n=47) or negative mood (n=49)
induction. Participants then completed a visual search task featuring targets displayed adjacent to pictures of
palatable food, musical instruments, or non-instrument filler objects. Attention bias for food was operationalized
as shorter response latency when the target appeared adjacent to palatable food as compared to musical in-
struments. Attention bias was examined in a 2 (mood condition)× 2 (picture: food vs. instrument)× 2 (target
location: match vs. mismatch) repeated measures ANCOVA, with dietary restraint as a continuous covariate and
response latency as the dependent variable.
Results: Though there was no evidence of an interaction between mood condition and dietary restraint, mood
had an influence on attention allocation. Contrary to study hypotheses, individuals in the neutral mood con-
dition, but not those in the negative mood condition, responded in a manner indicative of bias toward food.
Limitations: Additional research is necessary to validate the experimental task used in the present study to assess
food-specific attentional bias.
Conclusions: Neutral mood may be associated with enhanced processing of palatable food cues. Critically, results
do not support the hypothesized link between negative mood and attention bias for food.

1. Background

Maintenance of a healthy weight is challenging given the abundance
of highly palatable calorie dense foods and the ubiquity of food and
eating cues (Brownell & Horgen, 2004; Harris, Bargh, & Brownell,
2009). Paradoxically, chronic attempts to exert dietary restraint when
confronted with palatable food have been shown to predict increased
snacking (Papies & Hamstra, 2010), binge eating (Field, Austin, Taylor,
Malspeis, Rosner et al., 2003) and weight gain (Lowe et al., 2006; Stice,
Cameron, Killen, Hayward, & Taylor, 1999). The paradoxical effect of
dietary restraint on eating and weight is thought to arise when con-
textual factors such as exposure to palatable food cues shift motiva-
tional processes away from the goal of being healthy to the immediate
goal of experiencing the pleasure of eating, with the motivation to

achieve this immediate goal being heightened among chronic dieters
(Stroebe, Van Koningsbruggen, Papies, & Aarts, 2013). This suggests
that preoccupation with eating and weight may enhance rather than
diminish processing of food cues, thus increasing vulnerability for
failures in dietary self-regulation.

Consistent with this hypothesis, several studies have demonstrated
that individuals characterized as restrained eaters exhibit attentional
biases for food cues as measured by visual search, flanker, and eye-
tracking tasks (Forestell, Lau, Gyurovski, Dickter, & Haque, 2012;
Hollitt, Kemps, Tiggemann, Smeets, & Mills, 2010; Meule, Vögele, &
Kübler, 2012; Neimeijer, de Jong, & Roefs, 2013). For instance, re-
strained eaters more quickly detected food items in an array of neutral
distractor items than they were able to detect neutral items in a neutral
array (Hollitt et al., 2010). Moreover, biased attention to food has been
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shown to predict snacking behavior (Werthmann, Field, Roefs,
Nederkoorn, & Jansen, 2014a,b) and weight gain (Yokum, Ng, & Stice,
2011). However, it is important to note that other studies have failed to
find evidence of attentional biases towards food in restrained eaters
(Ahern, Field, Yokum, Bohon, & Stice, 2010; Boon, Vogelzang, &
Jansen, 2000; Werthmann et al., 2013; Wilson & Wallis, 2013), or
documented attentional avoidance of, rather than orientation toward,
food cues (Werthmann, Jansen, & Roefs, 2015; Veenstra, de Jong,
Koster, & Roefs, 2010). Importantly, these null or unexpected associa-
tions between dietary restraint and attentional processing of food cues
were documented using a variety of tasks (e.g., visual probe, eye-
tracking), as well as a variety of dietary restraint measures each cap-
turing slightly different aspects of this construct (e.g., disinhibited
eating vs. successful calorie restriction). Therefore, failure to observe a
relationship between dietary restraint and attentional bias toward food
cannot be attributed to the manner in which either attentional bias or
dietary restraint were operationalized. Further, it seems that the find-
ings reported by Hollitt et al. (2010) were primarily driven by slowed
responding on non-food trials rather than by faster responding on food
trials among individuals high in dietary restraint, contrary to what
would be expected if indeed dietary restraint was associated with at-
tentional bias toward food. These inconsistencies suggest that the re-
lationship between dietary restraint and attentional processing of food
cues is moderated by other social, cognitive, or affective factors that
either promote or impair self-regulation. Examining these moderating
variables may help to identify mechanisms underlying failures in
dietary self-regulation.

Negative affect is one of the most robust predictors of failures in
self-regulation, and has been hypothesized to promote shifting of at-
tentional and cognitive resources from long-term goals to the im-
mediate goal of alleviating negative mood (Heatherton & Wagner,
2011). Negative affect promotes attentional processing of food cues
(Hepworth, Mogg, Brignell, & Bradley, 2010), and reward value of food
is heightened during negative affective states (Wagner, Boswell, Kelley,
& Heatherton, 2012; Willner et al., 1998). Further, neural responses to
food cues are moderated by negative affect in key regions of the brain
participating in learning, motivation, and emotion regulation (e.g.,
Bohon & Stice, 2012; Bohon, Stice, & Spoor, 2009). Negative affect can
also precipitate episodes of binge eating (Crosby et al., 2009; Haedt-
Matt & Keel, 2011). For instance, restrained eaters have been shown to
consume more calories following the induction of a negative mood state
compared to restrained eaters in a neutral mood state and unrestrained
eaters in either mood state (Cardi, Leppanen, & Treasure, 2015; Chua,
Touyz, & Hill, 2004; Fay & Finlayson, 2011; Stroebe et al., 2013). A
similar pattern has been observed in dieters (Baucom & Aiken, 1981),
and in overweight and obese individuals (Chua et al., 2004; Jansen,
Vanreyten, van Balveren, Roefs, & Nederkoorn, 2008). Therefore, dif-
ferential responses to food cues may impede efforts to control food
intake and weight, particularly during the experience of negative affect.
Examining the relationship between attentional processes and negative
affect may therefore reveal important risk factors for obesity among
chronic dieters.

Although previous experiments have separately assessed the effect
of dietary restraint and negative mood on attentional processing of food
cues, few studies have investigated both factors simultaneously.
Further, those that have done so have not consistently demonstrated a
relationship between negative affect and attentional allocation in re-
strained eaters as compared to those low in dietary restraint, with one
study observing heightened attentional bias toward food among re-
strained eaters in response to induced negative affect (Hepworth et al.,
2010), and the other finding no evidence of such a relationship
(Werthmann et al., 2014b). Therefore, the goal of the present study was
to test whether negative affect facilitates more thorough attentional
processing of high calorie foods, particularly among restrained eaters. It
was hypothesized that individuals who scored high on dietary restraint
would exhibit biased attention to food cues compared to individuals

who scored low on dietary restraint, but only for those in a negative
mood state.

To test these hypotheses, participants were randomized into either a
neutral or a negative mood condition, with those in the negative mood
condition undergoing a well-validated mood manipulation (Vuoskoski
& Eerola, 2012). Attention was assessed using a paradigm designed by
Devue, Belopolsky, and Theeuwes (2012) adapted for the purposes of
measuring food-specific biases in attention. There are several ad-
vantages of this task. First, the task features a complex visual array with
more objects presented simultaneously, requiring participants to en-
gage in serial visual search in order to identify the target. Second, the
stimuli are not predictive of the target response, making the purpose of
the task less obvious to participants and reducing the likelihood that
responses will be influenced by participants' strategies and intentions.
The study hypotheses, methods, and analytical plan were pre-registered
with AsPredicted prior to the start of data collection. The pre-regis-
tration can be accessed at http://aspredicted.org/y22mk.pdf.

2. Materials and methods

2.1. Participants

A-priori power analyses were conducted in GPower v. 3.1 using
effect sizes from similar investigations (e.g., Hepworth et al., 2010;
Werthmann et al., 2014b, 2014a) to estimate the sample size necessary
to observe the hypothesized effect. Assuming a small to medium effect
size with 80% power and α=0.05, a sample size of 100 would be
adequate to detect such an effect. Therefore, 100 healthy females aged
18 to 30 (Mage=21.13, SD=2.52) were recruited for participation
through advertisements placed in campus buildings at Maastricht Uni-
versity. To minimize the influence of participants' expectations about
the purpose of the study on performance, a cover story was provided
describing the study as an investigation of music and cognition. Parti-
cipant selection was limited to women in order to have a homogeneous
sample for this initial investigation, and because women have sig-
nificantly higher rates of dieting and weight concerns compared to men
(Anderson & Bulik, 2004; Davy, Benes, & Driskell, 2006). Participants
were compensated with either a single research credit or €7.50. All
procedures were approved by the local ethics committee, and informed
consent was obtained prior to the start of the experiment. If so desired,
participants were provided with a Dutch translation of the informed
consent document and questionnaires. Well-validated Dutch transla-
tions of each questionnaire were used. Participants were given an ex-
planation of the purpose of the study via email after all participants had
completed all experimental procedures. This was done to reduce the
likelihood that individuals who had already participated would reveal
the purpose of the study to others interested in participating.

2.2. Measures

2.2.1. Dietary restraint
Dietary restraint was assessed using the Restraint Scale (Herman &

Polivy, 1975; Herman, Polivy, Pilner, Threlkeld, & Munic, 1978), which
contains 10 questions assessing how often respondents engage in var-
ious behaviors to control their food intake and weight. Items are rated
on a 5-point Likert scale ranging from 1 (never) to 5 (very often), with
higher scores reflecting greater dietary restraint. Compared to other
assessments of dietary restraint (e.g., Dutch Eating Behavior Ques-
tionnaire (DBEQ), Van Strien, Frijters, Bergers, & Defares, 1986), the
Restraint Scale captures components of dietary restraint such as disin-
hibited eating, weight fluctuations, and unsuccessful attempts at weight
control more so than successful calorie restriction (Laessle, Tuschl,
Kotthaus, & Pirke, 1989). Contextual factors have been shown to exert a
greater influence on eating behavior among individuals who score high
on the Restraint Scale (Heatherton, Herman, & Polivy, 1991), sug-
gesting that the Restraint Scale is more likely than other measures to
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capture individuals whose eating may be influenced by changes in
mood. Compared to other measures of dietary restraint, the Restraint
Scale has also been associated with impulsivity (Mills, Weinheimer,
Polivy, & Herman, 2018), a trait that predicts disinhibited eating in the
presence of highly desired but forbidden foods (Jansen et al., 2009). As
such, the Restraint Scale is most relevant to the processes of interest in
the present study. Scores on the Restraint Scale are also moderately
correlated with other measures of dietary restraint such as the DBEQ
(r=0.55; Jansen, Oosterlaan, Merckelbach, & van den Hout, 1988;
Williamson et al., 2007), and the relationship between Restraint Scale
scores and disinhibited eating has been shown to be comparable to that
of the DBEQ (Jansen et al., 1988). The Restraint Scale exhibited ac-
ceptable internal consistency (Cronbach's α=0.76) in the present
sample.

2.2.2. Depressive symptoms
Depressive symptoms were measured using the Beck Depression

Inventory-II (BDI-II; Beck, Steer, & Brown, 1996), a well-validated 21-
item self-report measure. In the present sample, the BDI-II demon-
strated good internal consistency (Cronbach's α=0.85).

2.2.3. State mood
Participants were also asked to rate their present mood using a

100mm visual analog scale (VAS) ranging from 0 (not sad at all) to 100
(very sad). Mood was measured both before and after the mood ma-
nipulation, as well as after 3 mood boosters interspersed throughout the
visual search task, yielding a total of five measurements of mood.

2.2.4. Mood induction
The present study used the mood induction procedure described by

Vuoskoski and Eerola (2012).
Briefly, all participants were instructed to bring approximately

8min of music that makes them feel happy, and 8min of music that
makes them feel sad. Prior to the start of the experiment, each parti-
cipant was randomly assigned to either the negative or the neutral
mood condition. Participants in the negative mood condition were told
to listen carefully to their sad pieces of music and to allow themselves to
fully experience the feelings evoked, while writing about a negative
personal memory. Participants randomized to the neutral mood con-
dition were instructed to write about their daily commute from home to
the university, and the steps they would need to take in order to check a
book out of the library to copy a random chapter. While completing this
task, participants in the neutral condition listened to the first movement
(De l'aube à midi sur la mer; duration 8min 41 s) of the orchestral work
La mer by Claude Debussy. Previous research has established that this
piece of music is perceived as affectively neutral by listeners (Vuoskoski
& Eerola, 2012).

To ensure that the desired mood state was maintained throughout
the duration of the attention task, three mood boosters were adminis-
tered at regular intervals during the task. Mood boosters were ad-
ministered according to the same procedure as the initial induction, but
for a reduced duration of 2min. At the end of the attention task, par-
ticipants in both mood conditions underwent a positive mood induction
lasting 3min, during which they were instructed to listen carefully to
their happy pieces of music while writing about a positive personal
memory.

2.3. Attention task

2.3.1. Stimuli and displays
Stimuli were presented electronically using the E-Prime 3.0 soft-

ware (Psychology Software Tools, Pittsburgh, PA). The display con-
sisted of six color images arranged in a circle on a white background.
Three categories of stimuli were presented, including two types of cri-
tical objects: high calorie food (e.g., pizza) and musical instruments, as
well as non-instrument filler objects (e.g., stapler). For each trial, one

critical object was presented along with five non-instrument filler ob-
jects. Depending on the trial type (food or instrument), images were
randomly selected from a directory of 22 high calorie foods, a directory
of 22 instruments, and a directory of 60 filler objects. The stimuli be-
longing to one of the critical object categories (food or musical in-
struments) were visually matched based on color, size, and object
complexity in an effort to ensure that marked visual differences be-
tween the critical objects did not influence performance. These judg-
ments were made by the authors prior to the start of the experiment,
and these images have been used in previous research on biased at-
tention (Werthmann et al., 2011, 2016). Images were not customized
based on participants' food preferences or personal ratings. Surrounding
these images were 6 grey circles containing line segments of various
orientations (−75°, −50°, −25°, 25°, 50°, 75°, 90°, and 180°). On each
trial, the circle containing either the vertical (90°) or horizontal (180°)
line segment represented the target. The position of the target relative
to the critical object varied across trials, with their spatial locations
matched on 1/6 of trials, and mismatched on 5/6 of trials. This was
done to ensure that the critical object (food or instrument) was not
associated with the target in such a way that participants could predict
the location of the target based on the location of the critical object, in
accordance with the paradigm developed by Devue et al. (2012). The
number of times an object (target, critical object, or filler object) ap-
peared at a given location in the array was equally distributed across
the six possible locations. An illustration of the display for each trial
type is depicted in Fig. 1.

2.3.2. Task for participant
Participants completed the task individually, seated at a computer

featuring a 17-inch monitor.
Each participant was required to determine as quickly and accu-

rately as possible whether the target was a horizontal or a vertical line.
Responses were recorded using a response pad featuring buttons cor-
responding to a horizontal line and a vertical line respectively. The
participant was told that the pictures on the screen were irrelevant to
the task and should be ignored. The dependent variables of interest
were response latency and accuracy on the four trial types (i.e., 48 food-
match trials, 240 food-mismatch trials, 48 instrument-match trials, and
240 instrument-mismatch trials). The search display was presented on
the screen until the participant made a response. Participants were
instructed to respond more quickly if they took more than 4000ms to
respond on the previous trial. A fixation cross was presented for 600ms
between trials. Prior to the start of the attention task, the participant
completed 24 practice trials to familiarize herself with the task. The
practice trials were identical to the experimental trials with the ex-
ception that the images displayed with the array of grey circles were
randomly selected from a directory of animals. The experimental por-
tion of the task included 576 trials (4 blocks of 144 trials), with mood
booster sessions occurring in between blocks.

2.4. Experimental procedure

Eligible participants were invited to the laboratory to complete the
experiment. Participants were instructed to avoid eating within 2 h
prior to the start of the experiment, and compliance with this instruc-
tion was documented before the experiment proceeded. A demo-
graphics questionnaire was first administered, after which the partici-
pant rated her mood and hunger on 100mm VAS. The participant then
underwent their assigned mood manipulation. State mood was mea-
sured again directly after the mood induction. The participant was then
seated at a desk with their faces approximately 50 cm away from a PC
monitor to complete the attention task. When the task was finished, the
participant was asked to describe her predictions about the purpose of
the experiment to ascertain whether the cover story had been effective.
Following this, the participant underwent a positive mood induction
regardless of her assigned mood condition. A five-minute video about
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the effect of playing an instrument on the brain was then presented as a
distractor task to minimize the effects of the mood manipulations on the
participant's responses on questionnaires. Finally, the participant
completed the Restraint Scale and BDI and had their height and weight
measured.

2.5. Statistical approach

To test the primary study hypotheses, two 2 (Condition: neutral vs.
negative mood)× 2 (Critical object: food vs. neutral)× 2 (Target lo-
cation: match vs. mismatch) mixed ANOCVAs with dietary restraint
included as a mean-centered continuous covariate were conducted to
predict response latency and response accuracy respectively. Condition
was entered as the between-subjects factor, while response latency and
accuracy were dependent variables. Attentional bias for food was op-
erationalized as more speeded responding on trials in which the target
was displayed adjacent to an image of food and/or slowed responding
on trials in which the target was displayed adjacent to an instrument.
Significant Critical object× Target location interactions were con-
sidered to be evidence of attentional bias toward food. Interactions with
the dietary restraint covariate were included using the custom model
option in SPSS (version 24, IBM corp., Armonk, NY).

3. Results

3.1. Participants

A total of 100 female university students participated in all ex-
perimental procedures. However, participants (n=4) whose response
accuracy fell below 70% of trials (> 3 SD from the mean) were ex-
cluded from all analyses given the possibility that these participants
were not exerting adequate effort during the task. Of these remaining
participants, 47 had been randomized to the neutral mood condition,
while 49 had been randomized to the negative mood condition. No
participant characteristics at baseline were significantly predictive of
mood condition membership (Table 1).1

Fig. 1. Illustration of the display for (A) food match trials (48 trials), (B) food mismatch trials (240 trials), (C) instrument match trials (48 trials), and (D) instrument
mismatch trials (240 trials).

1 Participants were drawn from a student population and were not evaluated
for the presence of an eating disorder. BMI was calculated following the com-
pletion of the experiment when all data had been collected and entered. Mean
sample BMI kg/m2 was 22.52 (SD=3.78, range= 16.4–37.8), with two par-
ticipants having a BMI below the 17.5 cutoff in the diagnostic criteria for
Anorexia Nervosa. When dietary restraint was retained in the model, removal of
these two participants caused the interaction between mood condition, critical
object, and target location to become marginally significant (F (1, 92)= 3.844,
p=0.053), though the direction of the effect was maintained. When dietary
restraint was removed from the model given its lack of an effect, the relation-
ship between mood condition, critical object, and target location remained
significant (F (1, 92)= 3.992, p=0.049) after excluding underweight
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3.2. Manipulation check

Participants' descriptions of the study purpose were rated as accu-
rate if they mentioned food, the relationship between food and mood,
or attention to food. Based on these criteria, 20% of participants were
rated as having accurately guessed the purpose of the study. Baseline
ratings of sadness predicted accuracy of guess, such that individuals
with higher baseline sadness ratings were more likely to guess the
purpose of the study (t(94)= 3.310, p < 0.01). There were no other
significant predictors of accuracy of guess.

To determine whether the mood manipulation was effective, a 2
(Condition: neutral vs. negative mood)× 5 (Time: baseline, post-ma-
nipulation, post-mood boost 1, post-mood boost 2, and final VAS
measurement) mixed model repeated measures ANOVA was conducted.
Analyses confirmed that the mood manipulation was effective, with
there being a significant condition× time interaction for both sadness
(F (4, 91)= 28.573, p < 0.01) and happiness ratings (F (4,
91)= 21.850, p < 0.01). Table 2 includes a more detailed description
of mood ratings by condition.

3.3. Data cleaning

Prior to performing statistical tests, data from the attention task
were inspected for outliers. Trials on which response latency was below
200ms or greater than 3500ms (> 3SD from sample mean) were re-
moved. This resulted in the exclusion of 257 trials summed over all
participants (0.4% of all trials).

3.4. Effects of mood state and restrained eating on attentional bias for food

Although we proposed to compute attentional bias scores within a
regression framework in our AsPredicted registration, we instead opted
to conduct repeated measures ANCOVAs with response latency and
accuracy as dependent variables. We did so because performance on the
match trials was unexpectedly slower than on mismatch trials (see
Fig. 2), which is not consistent with the original research using this
paradigm (Devue et al., 2012). The use of bias scores would obscure this
important and unexpected aspect of the data. The reported analyses are
more transparent about the nature of the results.

3.4.1. Response latency
Contrary to predictions, there was no evidence of a significant

Dietary Restraint×Mood condition×Critical object× Target location
interaction (F (1, 92)= 0.002, p=0.96). The 3-way interaction be-
tween dietary restraint, critical object, and target location was also not
significant (F (1, 92)= 2.214, p=0.14). Similarly, there was no in-
teraction between dietary restraint and critical object type (F (1,
92)= 1.726, p=0.19) or target location (F (1, 92)= 0.051, p=0.82),
nor was there a main effect of dietary restraint (F (1, 92)= 0.008,
p=0.93). The Dietary restraint×Mood condition interaction term
was then removed from the model. Again, neither the Dietary
restraint× Critical object type (F (1, 92)= 1.974, p=0.16) or Dietary
restraint× Target location (F (1, 92)= 0.028, p=0.87) interaction
terms were significant, nor was there a main effect of dietary restraint
(F (1, 92)= 0.052, p=0.82). However, the Mood condition×Critical
object× Target location interaction term was significant (F (1,
92)= 4.063, p=0.047)2. Given that dietary restraint was not asso-
ciated with task performance, it was removed from subsequent models.

Table 1
Sample demographic characteristics.

Neutral (n=47) Negative (n=49) Total (n=96) Group differences

Mean (SD) Mean (SD) Mean (SD) t(94) (p-value)

Age (years) 21.57 (2.59) 20.76 (2.50) 21.16 (2.56) −1.577 (0.12)
BMI (kg/m2) 22.52 (3.78) 22.54 (2.63) 22.53 (3.23) 0.032 (0.97)
Time since last meal (hours) 4.25 (4.19) 4.93 (4.50) 4.60 (4.34) 0.774 (0.44)
Hunger 43.45 (27.84) 42.51 (26.49) 42.97 (27.02) −0.169 (0.87)
Desire to eat 43.36 (29.48) 41.31 (27.97) 42.31 (28.58) −0.351 (0.73)
Dietary Restraint 12.81 (4.51) 13.84 (4.96) 13.33 (4.75) 1.060 (0.29)
Emotion Suppression 12.60 (3.82) 11.96 (4.06) 12.27 (3.94) −0.791 (0.43)
Emotion Reappraisal 29.57 (4.96) 29.14 (5.80) 29.35 (5.38) −0.391 (0.69)
BDI 8.18 (6.08) 7.72 (6.01) 7.95 (6.02) −0.987 (0.72)

n (%) n (%) n (%) Χ2 (p-value)

Guessed study purpose 12 (25.2) 7 (14.3) 19 (19.8) 1.911 (0.21)
English Questionnaires 36 (76.6) 30 (61.2) 66 (68.8) 2.638 (0.13)

Note. BMI= body mass index; BDI = Beck Depression Inventory. Conditions did not differ significantly on any of these characteristics. English questionnaires refer to
the number of participants who elected to complete their questionnaires in English as opposed to Dutch.

Table 2
Average sadness and happiness ratings by mood condition and time.

Sad VAS Happy VAS

Neutral M (SD) Negative M (SD) t(94) Neutral M (SD) Negative M (SD) t(94)

Baseline 17.04 (17.08) 14.61 (12.82) −0.79 59.70 (12.43) 65.47 (14.55) 2.08*
Post-induction 1 19.51 (16.75) 55.65 (17.74) 10.25** 60.13 (18.45) 37.92 (18.10) −5.95**
Post-induction 2 21.02 (17.23) 47.94 (27.86) 5.66** 55.19 (19.03) 36.22 (25.74) −4.09**
Post-induction 3 19.85 (17.47) 46.49 (28.85) 5.45** 53.89 (20.03) 34.63 (26.46) −4.01**
Post-induction 4 20.91 (18.44) 50.67 (20.73) 7.42** 53.91 (20.65) 37.24 (19.57) −4.06**

Note. VAS= visual analog scale.
*p < 0.05.
**p < 0.01.

(footnote continued)
participants.
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The 3-way interaction between mood condition, critical object, and
target location remained significant (F (1, 92)= 4.737, p=0.032; see
Fig. 2).

To further examine this 3-way interaction, two 2 (Critical ob-
ject)× 2 (Target location) ANOVAs were performed separately for each
mood condition. Among individuals in the neutral mood condition, the
Critical object× Target location interaction was significant (F (1,
46)= 7.723, p < 0.01), qualifying main effects of both critical object
(F (1, 46)= 5.071, p=0.03) and target location (F (1, 46)= 12.415,
p < 0.01). In the negative mood condition, the Critical object× Target
location interaction did not reach significance (F (1, 48)= 0.067,
p=0.80). Only a main effect of target location reached significance (F
(1, 48)= 9.382, p < 0.01).

To further explore the Critical object× Target location interaction
in the neutral mood condition, paired-samples t-tests were conducted.
These analyses revealed that response latency on instrument match
trials was significantly greater than on food match trials (t(46)= 4.263,
p < 0.01), whereas the difference between food versus instrument
mismatch trials was not significant (t(46)= 0.782, p=0.44).

Note that regardless of dietary restraint, mood condition, and cri-
tical object type (food vs. instrument), performance on mismatch trials
was not significantly different from performance on match trials (F (1,
92)= 1.873, p=0.17). Collapsing across critical object type, the
overall sample mean reaction time on mismatch trials was 1374.71ms,
compared to a mean reaction time of 1400.42 ms on match trials (t
(95)= 4.639, p < 0.01). This observation was unexpected based on

previous research, including that by Devue et al. (2012). One possible
explanation for this finding is that participants learned to expect the
target at the location of the filler (i.e., mismatch) objects because this
trial type occurred most frequently, and filler objects tended to belong
to the same category (i.e., office objects). To test this hypothesis, a post-
hoc 2 (Mood condition)× 4 (Block)× 2 (Critical object)× 2 (target
location) mixed model repeated measures ANCOVA was conducted,
with dietary restraint entered as a covariate. This analysis revealed that
response latency decreased over the course of the experimental task (F
(1, 92)= 221.132, p < 0.01), but that the extent of this decrease did
not differ by critical object (F (1, 92)= 0.717, p=0.40), by target
location (F (1, 92)= 0.372, p=0.54), mood condition (F (1,
92)= 0.177, p=0.68), or dietary restraint (F (1, 92)= 0.274,
p=0.60). Superior performance on mismatch trials compared to match
trials was evident as early as the first block of the task, which is in-
consistent with there being a learning effect.

3.4.2. Response accuracy
There was no evidence of a 4-way interaction between dietary re-

straint, mood condition, critical object, and target location (F (1,
92)= 1.040, p=0.31). Further, there was no significant main effect of
dietary restraint (F (1, 92)= 0.000, p=0.99) or mood condition (F (1,
92)= 0.028, p=0.87) on response accuracy. Mean percentage of er-
rors on each trial type are listed in Table 3.

4. Discussion

The present study examined whether experimentally induced ne-
gative mood moderates the relationship between dietary restraint and
attentional processing of food cues. This is motivated by the fact that
dietary restraint has not been consistently linked to attentional bias for
food cues (Werthmann et al., 2015), suggesting that such a relationship
may only emerge in specific contexts, such as during the experience of a
negative mood. It was predicted that dietary restraint would be asso-
ciated with biased attention to food cues among individuals in a ne-
gative mood state but not among individuals in a neutral mood. How-
ever, there was no evidence to support this hypothesis. Further,
although the negative mood induction produced the desired changes in
mood state, mood condition did not significantly moderate the effect of
dietary restraint on the allocation of attention toward food. The absence
of an effect of dietary restraint is consistent with several investigations
of attentional processing of food among chronic dieters (Boon et al.,
2000; Forestell et al., 2012; Hollitt et al., 2010; Veenstra et al., 2010;
Veenstra & de Jong, 2012; Werthmann et al., 2013; Wilson & Wallis,
2013). It is possible that attentional bias toward food cues is not a
central feature of dietary restraint, at least as it has been assessed in the
current study. Alternatively, a relationship between dietary restraint
and attentional bias toward food cues may only emerge in the presence
of specific contextual factors that were not tested in the present study
(e.g., activation or suppression of health and weight goals, Werthmann,
Jansen, & Roefs, 2016). It will be important to further investigate the

Fig. 2. Mean response time by trial type for (A) the neutral mood condition and
(B) the negative mood condition. Error bars reflect± 1 standard error.
**p < 0.01.

Table 3
Average percentage of errors made by trial type, dietary restraint, and mood
condition.

Low Restraint High Restraint

Neutral Negative Neutral Negative

Food match trials 5.25% 5.61% 4.48% 4.89%
Food mismatch trials 4.86% 5.32% 3.75% 4.98%
Instrument match trials 5.02% 5.93% 4.27% 3.89%
Instrument mismatch trials 4.71% 5.26% 3.73% 4.89%

Note. For illustrative purposes, individuals were categorized as either high or
low in dietary restraint using the median split of dietary restraint scores.
However, dietary restraint was used as a continuous variable in all analyses.

2 Removal of individuals (n=20) who accurately guessed the purpose of the
study caused the interaction between mood condition, critical object, and target
location to become marginally significant (F (2, 74)= 2.882, p=0.06). This is
likely due to the large reduction in sample size. Otherwise, the results remained
the same.
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conditions under which attentional processing of food cues is enhanced
or diminished among chronic dieters, as this information will be valu-
able for the development of new approaches to treating problem eating
and weight gain in this population.

Although data did not support the hypothesized interaction between
dietary restraint and mood condition, results demonstrated that there
was a significant effect of mood condition on attentional processing of
food. Among individuals in the neutral mood condition, response la-
tency was significantly shorter on food match trials compared to in-
strument match trials, a difference in performance not evident on
mismatch trials. This finding is suggestive of attentional bias for food in
the neutral mood condition. No such effect was observed in the nega-
tive mood condition, in which performance on mismatch trials was
superior to match trials regardless of which critical object was present.
Note though that the interpretation of attentional bias for food in the
neutral mood condition is complicated by the fact that the average
response latency on the food match trials was not faster than on the
mismatch trials (food and instrument). The effect on the match trials in
the neutral mood condition seems to be due to a slower response on the
instrument match trials relative to the food match trials.

This complicated pattern of results may partly be explained by the
unanticipated advantage on the mismatch trials. Participants may have
been primed to be thinking about and attending to information related
to music, given that the cover story for the experiment and several of
the experimental tasks were focused on music and the effects of music
on cognition. As a consequence of such priming, participants' perfor-
mance on instrument trials may have been affected in ways that it
would not have otherwise if instruments were not used as the com-
parison object category. Future studies should take care to construct a
cover story entirely irrelevant to the objects presented during the visual
search task, and consider modifying the task so that the filler objects
presented on each trial are drawn from distinct categories. It will be
important to use and adapt the task used in the present study to es-
tablish its reliability and validity as a measure of food-related atten-
tional bias.

The lack of a specific effect of negative mood on attentional pro-
cessing of food, while not in line with our hypothesis, is consistent with
a recent study demonstrating that individuals in a neutral mood pre-
ferentially oriented their attention toward food cues compared to those
who had undergone a negative mood induction (Werthmann et al.,
2014b). Another study found that induced sadness was associated with
less rather than more interference on a standard flanker task, indicating
that individuals who were experiencing sadness were better able to
ignore irrelevant information compared to individuals in a neutral
mood (Bellaera & von Mühlenen, 2017). These findings may help to
clarify why the presence of food did not affect performance among
individuals in the negative mood condition as expected. It is possible
that those in the negative mood condition more successfully focused
their attention on the target, filtering out the images that were not
relevant to the stated purpose of the task.

There are several limitations of the present study that should be
considered when interpreting the results and addressed in future re-
search. First, the filler objects used as distractors in the experimental
task tended to belong to a single object category. It would be preferable
for these objects to be drawn from many distinct categories to limit the
ability of participants to learn that it is advantageous to focus their
attention on filler objects as opposed to the critical objects of interest.
Although we did not find evidence to support a learning effect, it is not
possible to determine with certainty that this unintended feature of the
task did not influence participants' performance. Second, 20% of par-
ticipants were able to discern the purpose of the study despite experi-
menter attempts to conceal it, which may have influenced their ap-
proach to the attention task. Given that the mood groups did not differ
significantly in the number of individuals who guessed the study pur-
pose, it is not likely that this accounts for the observed effect of mood
group. However, it does suggest that the cover story was not fully

effective. It will be important to construct a cover story that is less
closely related to the objects being presented in the task while still
maintaining plausibility. Third, it is possible that the lack of an effect of
self-reported dietary restraint on attention allocation may be related to
the selection of instrument to assess restraint. Although the Restraint
Scale captures eating behaviors most theoretically relevant to the pre-
sent study question (e.g., disinhibited eating), it may have been valu-
able to assess of other features of dietary restraint not adequately
captured by the Restraint Sale. Doing so would have permitted quan-
titative evaluation of how these somewhat distinct features relate to
attentional processing of food cues under various mood conditions.
Fourth, the food images presented to participants were not tailored to
their individual preferences. Customizing which foods were presented
may have yielded more robust effects.

Overall, the present study suggests that mood state may influence
the allocation of attention to food cues, though unexpectedly this effect
occurred in a neutral mood state. As such, the results of the present
study do not shed any additional light on the mechanisms linking de-
pressed mood and problem eating. It would be interesting to replicate
this study using eye-tracking to determine whether the induction of a
negative mood does indeed lead to more focused attention toward
target stimuli, limiting the influence of irrelevant food cues on atten-
tion. Should it be determined that negative mood does lead to reduced
distractibility, this would help to clarify the surprising observation that
individuals in a negative mood state did not exhibit differences in
performance on food trials compared to neutral trials, while individuals
in a neutral mood state did. It will also be necessary to modify the task
design to address the issues noted above.
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