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Temporal attention for visual food stimuli in restrained eaters
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a b s t r a c t

Although restrained eaters try to limit their food intake, they often fail and indulge in exactly those foods
that they want to avoid. A possible explanation is a temporal attentional bias for food cues. It could be
that for these people food stimuli are processed relatively efficiently and require less attentional
resources to enter awareness. Once a food stimulus has captured attention, it may be preferentially pro-
cessed and granted prioritized access to limited cognitive resources. This might help explain why
restrained eaters often fail in their attempts to restrict their food intake. A Rapid Serial Visual Presenta-
tion task consisting of dual and single target trials with food and neutral pictures as targets and/or dis-
tractors was administered to restrained (n = 40) and unrestrained (n = 40) eaters to study temporal
attentional bias. Results indicated that (1) food cues did not diminish the attentional blink in restrained
eaters when presented as second target; (2) specifically restrained eaters showed an interference effect of
identifying food targets on the identification of preceding neutral targets; (3) for both restrained and
unrestrained eaters, food cues enhanced the attentional blink; (4) specifically in restrained eaters, food
distractors elicited an attention blink in the single target trials. In restrained eaters, food cues get prior-
itized access to limited cognitive resources, even if this processing priority interferes with their current
goals. This temporal attentional bias for food stimuli might help explain why restrained eaters typically
have difficulties maintaining their diet rules.

� 2012 Elsevier Ltd. All rights reserved.

Introduction

The prevalence of obesity has tripled in many countries of the
WHO European Region since the 1980s, and the numbers of those
affected have risen at an alarming rate. Because obesity is the re-
sult of a chronic imbalance between energy intake and energy
expenditure, dieting is a logical strategy to lose weight. However,
not many dieters are able to maintain their initial weight loss over
a longer period of time (Elfhag & Rössner, 2010; Jeffery et al., 2000).
As soon as they quit dieting, many dieters even gain more weight
than they initially lost (Mann et al., 2007). People with a chronic
intention to lose weight are called restrained eaters (Herman &
Polivy, 1980). Although restrained eaters are very motivated to
control their weight by dieting, they are often unsuccessful in these
attempts, and their eating behavior is characterized by alternating
periods of restraint and bouts of overeating (Gorman & Allison,
1995).

Biased processing of food cues might be one of the mechanisms
involved in restrained people’s difficulty to control their food in-
take. Germane to this, it has been proposed that there is a reciprocal
relationship between selective attention for food cues (attentional

bias) and craving (Franken, 2003). Following this view, attentional
bias would lead to craving for food, whereas in its turn, enhanced
craving would again strengthen the attentional bias for food.
Accordingly, people may end up in a self-reinforcing cycle, which
will logically undermine their attempts to restrict their food intake.

However, previous studies, using various paradigms to measure
attentional bias, largely failed to find evidence for the hypothesized
heightened vigilance toward high caloric food items in restrained
eaters. Originally, the Stroop paradigm was often used. Previous
studies using this paradigm in the context of restrained eaters
found mixed evidence for color naming interference effects for
food words compared to neutral words (see for a review: Dobson
& Dozois, 2004). However, the use of Stroop tasks in research for
attentional bias is debatable, because the color-naming interfer-
ence effects can be the result of both heightened attention for food
related material as well as avoidance of food-related material (De
Ruiter & Brosschot, 1994). A recent study used a modified version
of the Stroop task to distinguish between orientation and disen-
gagement and found that restrained eaters had no orientation bias
but showed a slowed disengagement for food cues as well as for
ego threat cues (Wilson & Wallis, 2012). Furthermore, studies used
also other more straightforward indices of (spatial) attention such
as the visual probe task. However, studies using visual probe tasks
failed to find evidence for heightened attention towards (or away
from) food words (Boon, Vogelzang, & Jansen, 2000) or food
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pictures (Ahern, Field, Yokum, Bohon, & Stice, 2010) in restrained
eaters. Likewise, a study using an exogenous cuing task with food
pictures also failed to find an attentional bias for food stimuli in re-
strained eaters (Veenstra, de Jong, Koster, & Roefs, 2010). Finally, a
study employing a visual search task did show that restrained eat-
ers were faster in detecting a food word in a neutral matrix. How-
ever, restrained eaters were also faster in detecting neutral words
in a food matrix (Hollitt, Kemps, Tiggemann, Smeets, & Mills,
2010).

In sum, previous research provided no straightforward support
for the hypothesized role of attentional bias in restrained eaters’
failure to regulate their caloric intake. However, all of these earlier
studies on attentional bias in restrained eating exclusively focused
on spatial selective attention. Importantly, attention is not only
distributed over space, but also over time. The privileged process-
ing of food cues may be especially prominent in the temporal
dimension. For example, it could be that for restrained eaters food
stimuli are processed relatively efficiently and require less atten-
tional resources (lower threshold) to enter people’s awareness.
Once a food stimulus has captured attention, it may be preferen-
tially processed and granted prioritized access to limited cognitive
resources (cf. Koster, De Raedt, Verschuere, Tibboel, & De Jong,
2009). Such privileged access may not only prevent new informa-
tion from entering working memory, but may also provide the
opportunity for more elaborate processing of the food stimulus.
This is in line with the ‘elaborated intrusion theory of desire’, that
states that intrusive thoughts about appetitive targets are triggered
automatically by external cues. When intrusions elicit significant
pleasure or relief, this will usually promote cognitive elaboration.
Elaboration competes with concurrent cognitive tasks through re-
trieval of target related information and its retention in working
memory (Kavanagh, Andrade, & May, 2005). External cues of ‘for-
bidden food’ might have this same effect for restrained eaters. Fi-
nally, food cues might not only receive processing priority when
people are actively looking for food cues (top down controlled),
but may also more automatically attract attention (bottom up),
even at the expense of current task performance (Piech, Pastorino,
& Zald, 2009). Thus far, the potential role of the temporal dimension
of attentional bias in restrained eating has been largely ignored.
Further insight into the temporal dynamics of attention for food
stimuli may help explain why restrained eaters may experience
difficulty in regulating their food intake. Therefore, the aim of the
current study is to test whether temporal attentional bias might in-
deed be involved in restrained eating.

A task often used to measure temporal attention is the Rapid Se-
rial Visual Presentation task (RSVP), in which stimuli are presented
sequentially without inter-stimulus interval (e.g., 118 ms/stimu-
lus) on a computer screen. In every stream of pictures one or two
targets appear, that have to be identified after each stream. The
lag (time) between the two targets can be manipulated. Basic re-
search in the temporal dimension of visual attention has consis-
tently shown that the ability to identify a particular target is
deteriorated when another target is presented in close temporal
proximity (<500 ms). The deficit in the identification of the second
target (T2) has been called the attentional blink, referring to the
apparent refractory period following the presentation of the pre-
ceding target (T1). When the interval (lag) between the targets in-
creases (>500 ms), T2 performance is no longer hampered (Fig. 1).

Temporal attentional bias can be expressed in at least four dif-
ferent ways within the context of a RSVP task: (1) Attentional blink
can be diminished (magnitude of attentional blink is reduced)
when T2 is a salient cue (e.g., food stimulus), and therefore T2 will
be identified despite the preceding T1. (2) The appearance of a sali-
ent T2 (e.g., food) may interfere with the correct identification of a
preceding T1 (backward interference). (3) Attentional blink can be
enhanced when T1 is a salient cue and, therefore, the attentional

blink will last longer than the usual attentional blink (500 ms).
(4) An attentional blink can be elicited when a salient task-irrele-
vant distractor (e.g., food) is presented shortly before the actual
target. The distractor can be ignored but may nevertheless induce
an attentional blink. In the following each of these four types of
temporal attentional bias will be addressed in more detail.

First, it has been shown that the attentional blink is diminished
(i.e., higher identification rates of T2) when the T2 is of high per-
sonal relevance (e.g., the participant’s name: Shapiro, Caldwell, &
Sorensen, 1997). To explain this reduced attentional blink effect,
it has been argued that highly salient stimuli are processed rela-
tively efficiently thereby lowering the threshold for accurate iden-
tification, even when only little attentional resources are available.
To the extent that food cues are highly salient for participants, also
food stimuli may diminish the attentional blink, thereby heighten-
ing the probability that food items will enter people’s awareness.
The present study will examine whether indeed food stimuli, as
compared to neutral stimuli, are more easily identified (diminish
the attentional blink) when presented as T2, and whether this
might be especially the case for restrained eaters.

Second, there is evidence that the appearance of a salient T2
may interfere with the correct identification of a preceding T1
(i.e., lower identification rates of T1), this backward interference
effect has also been called a ‘backward blink’ (Potter, Staub, &
O’Connor, 2002). For example, when a T2 is presented very shortly
after a T1, T2 has even been found to be correctly identified more
often than the preceding T1 (Potter, Staub, & O’Connor, 2002).
There might as well be an interference effect of food T2 targets
on T1 identification for restrained eaters.

Illustrating the third type of temporal attentional bias, that
attentional blink can be enhanced by a salient T1, (i.e., lower iden-
tification rates of T2), it has been shown that negative self-descrip-
tors as T1 resulted in an enhanced attentional blink in dysphoric
participants (Koster et al., 2009). A similar T1-enhanced attentional
blink effect has been shown when angry faces were presented as
T1 (de Jong, Koster, van Wees, & Martens, 2010). Thus, it appears
that self-relevant salient stimuli elicit more elaborate processing,
which is reflected in the associated temporal attention costs. In a
similar vein, it can be hypothesized that specifically for restrained
eaters, food stimuli might also receive more elaborate processing
thereby enhancing the attentional blink.

The fourth type of temporal attentional bias refers to the phe-
nomenon that also task irrelevant distracters may elicit an atten-
tional blink (i.e., lower identification rates of a target presented
after the distractor). In the typical attentional blink tasks people
have to identify two targets, which are presented in a stream.
Hence, the content of the stimuli (e.g., food) is typically a task rel-
evant stimulus feature. If food items are used as T1 or T2, this im-
plies that people are instructed to actively search for food stimuli.
However, it is also important to verify whether food items may
also attract attention when they are task-irrelevant. In other
words, also when people are not intentionally searching for food
stimuli, such stimuli may nevertheless elicit an attentional blink.
To assess such processing priority of food stimuli, food cues may
be used as task-irrelevant distractors in a single target RSVP. Ger-
mane to this, it has been shown that positive arousing pictures
(nudes of the preferred sex) as a task irrelevant distractor stimulus,
can elicit an attentional blink when presented close to the target
slide (Most, Smith, Cooter, Levy, & Zald, 2007). Interestingly, this
preferential processing of task-irrelevant distractors (the nude
stimuli) was evident despite a strong incentive to ignore the
task-irrelevant distractor. This is therefore assumed to reflect more
automatic (non-intentional) attentional processes. In a similar
vein, it could be that food items may attract attention even if these
items are irrelevant for people’s current goals. Therefore, the pres-
ent study also included a third type of RSVP trials, that were
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