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Abstract Prior research has demonstrated the benefits (i.e.,
task-relevant attentional selection) and costs (i.e., taskirrelevant attentional capture) of prior knowledge on search
for an individual target or multiple targets from a category.
This study investigated whether the level of experience with
particular categories predicts the degree of task-relevant and
task-irrelevant activation of item and category representations.
Adults with varying levels of dieting experience (measured
via 3 subscales of Disinhibition, Restraint, Hunger; Stunkard
& Messick, Journal of Psychosomatic Research, 29(1), 71–
83, 1985) searched for targets defined as either a specific food
item (e.g., carrots), or a category (i.e., any healthy or unhealthy food item). Apart from the target-present trials, in
the target-absent Bfoil^ trials, when searching for a specific
item (e.g., carrots), irrelevant items from the target’s category
(e.g., squash) were presented. The ERP (N2pc) results revealed that the activation of task-relevant representations
(measured via Exemplar and Category N2pc amplitudes) did
not differ based on the degree of experience. Critically, however, increased dieting experience, as revealed by lower
Disinhibition scores, predicted activation of task-irrelevant
representations (i.e., attentional capture of foils from the target
item category). Our results suggest that increased experience
with particular categories encourages the rapid activation of
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category representations even when category information is
task irrelevant, and that the N2pc in foil trials could potentially
serve as an indication of experience level in future studies on
categorization.
Keywords N2pc ERP . Attentional selection . Dieting .
Categorization
Throughout our lifetime, we continuously acquire knowledge
about objects and categories in the environment. How does
prior experience shape our ability to search for familiar objects
and categories when they are task relevant and ignore them
when they are task irrelevant? Researchers have proposed that
searching for a target requires an attentional Btemplate,^ which
is an activated and prioritized working memory representation
of the target (Chelazzi, Miller, Duncan, & Desimone, 1993;
Olivers, Peters, Houtkamp, & Roelfsema, 2011). This template
can contain target information pertaining to individual features
(e.g., the color blue; Eimer, 1996; Luck & Hillyard, 1994), an
object with multiple features (e.g., the blue numeral 2; Eimer &
Grubert, 2014), or even an object category (e.g., any numerals;
Nako, Wu, & Eimer, 2014; Wu et al., 2013). Successful search
is likely due to the activation of appropriate target representations (i.e., attentional template), while suppressing distractor
representations (Hodsoll & Humphreys, 2001; Luck &
Hillyard, 1994; Sawaki & Luck, 2010).
A frequently used method for testing the activation of target
templates in a search task with human subjects is measuring
the N2pc event-related potential (ERP). The N2pc component
is the most established and earliest ERP marker of attentional
target selection, emerging 200 ms after stimulus onset contralateral to the hemifield of the target (e.g., Eimer, 1996; Luck &
Hillyard, 1994). The N2pc was first discovered in studies
using specific well-defined simple targets (e.g., a green
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vertical bar; Eimer, 1996; Luck & Hillyard, 1994) to investigate aspects of attentional selection isolated from influences of
prior knowledge. Many studies using the N2pc component
have investigated whether the N2pc is a marker of top-down
search or bottom-up capture (e.g., Eimer & Kiss, 2010;
Theeuwes, 2010), and the attentional factors that amplify or
eliminate the N2pc, such as cueing effects (e.g., Woodman,
Arita, & Luck, 2009) and conjunction search (e.g., Luck,
Chelazzi, Hillyard, & Desimone, 1997).
More recent N2pc studies have investigated the role of prior
knowledge in search by eliciting the component with complex
familiar targets (e.g., letters and numerals, clothing, common
household objects, animals, faces; Nako, Wu, & Eimer, 2014;
Nako, Wu, Smith, & Eimer, 2014; Telling, Kumar, Meyer, &
Humphreys, 2009; Wu et al., 2015; Wu et al., 2013) or newly
learned complex targets (e.g., aliens; Wu, Pruitt, Runkle, Scerif,
& Aslin, 2016). One of the most useful discoveries from N2pc
studies using familiar objects as targets is that prior knowledge
(e.g., knowledge that some items can be grouped into one category) impacts visual search via task-relevant and taskirrelevant activation of target representations. The amplitude
of the N2pc is largest when there is only one target item to
search for, and it decreases with an increasing number of different target items (Nako, Wu, & Eimer, 2014). Interestingly, if
participants are able to group target items into a single category
(e.g., letters), the N2pc elicited by searching for any items in a
target category also becomes similar to the N2pc elicited by the
one-item search. In other words, the N2pc amplitude reflects
the number of units in the target template, where one unit elicits
the largest N2pc compared to 2+ units (after controlling for
other factors, such as balanced search arrays). A significant
N2pc in a category search task reflects the activation and deployment of a unified template of different items in a category
(Wu et al., 2016). The N2pc for category search has been observed for familiar complex naturalistic categories such as
clothing, kitchen items, faces (Nako, Wu, Smith, et al., 2014;
Wu et al., 2015), as well as newly learned categories, such as a
family of alien characters (Wu et al., 2016).
In addition to the activation of task-relevant category representations, several ERP studies have also observed the activation of task-irrelevant category representations based on
participants’ prior knowledge about object categories (e.g.,
Nako, Wu, & Eimer, 2014; Telling et al., 2009; see also
Moores, Laiti, & Chelazzi, 2003). During the Bfoil^ trials in
Nako et al. (2014), participants were instructed to search for
one specific target object from a category (e.g., the letter A in
the Roman alphabet). However, instead of the target being
present, another object from the same category (e.g., the letter
F) appeared in the array, and participants were required to
respond that the target was absent. An N2pc was observed
during these target-absent trials with familiar objects from
the same category as the target, indicating that the category
representation may have been activated even though the
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category information was task-irrelevant for searching for a
single target. Similar to the task-relevant category N2pc effect,
the foil effects also have been observed for highly familiar
categories (e.g., letters, numerals, clothing, kitchen items,
faces). However, the foil effects have not been observed for
newly trained categories (e.g., Chinese characters for nonChinese readers, Wu et al., 2013; novel alien characters, Wu
et al., 2016).
Whereas it is clear that prior experience allows category
templates to enhance task-relevant selection for any items
from a category (i.e., benefit) and increases task-irrelevant
capture when searching for a specific item and ignoring other
items from the same category (i.e., cost), it is unclear whether
the degree of prior experience predicts the activation of either
or both task-relevant and task-irrelevant templates. It is important to note that, across studies, category N2pc effects (i.e.,
task-relevant activation) have been observed for highly familiar and novel categories, whereas foil N2pc effects (i.e., taskirrelevant activation) have only been observed for familiar
categories. Therefore, it is possible that experience has a
greater impact on task-irrelevant activation of category representations, compared to task-relevant activation of such information. A recent ERP study suggests that lifelong expertise
with human faces (rather than ape faces) impacts only behavioral responses (i.e., perceptual narrowing; Scott, Pascalis, &
Nelson, 2007), while the N2pc effects for activation of representations of a single target and of a category are present for
both human and ape faces, regardless of whether the category
information is relevant or not (Wu et al., 2015). In other
words, prior lifelong experience did not seem to impact the
activation of item or category representations in task-relevant
or task-irrelevant ways. The similar N2pc effects observed for
human and ape faces challenges the unresolved issue regarding the extent to which the involuntary activation of category
representations is influenced by firsthand experience with the
categories. However, given the constraints of the study’s
stimuli (i.e., ape faces are too perceptually distinct from human faces to be included in the same N2pc experiment), the
ape face search task and human face search task in Wu et al.
(2015) were conducted in two separate experiments with different participants, rather than one experiment with the same
participants. In addition, it was assumed (based on perceptual
narrowing theories) that experience was greater for human
faces and reduced for ape faces for all participants (and this
assumption was confirmed in the behavioral responses)—
there was no independent measure of experience level, and
experience level for both categories was assumed to be similar across participants. Therefore, only limited conclusions
can be drawn about prior experience impacting the activation
of task-relevant and task-irrelevant representations (as measured via the N2pc component), even though there is clear
evidence of prior experience impacting search performance
reflected in the behavioral responses.
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It has been shown in behavioral studies (in the same experiment with the same participants) that expertise with a taskirrelevant category (e.g., cars) may interfere with selecting
task-relevant targets from a category that the observer also
has expertise with (e.g., faces; McGugin, McKeeff, Tong, &
Gauthier, 2011). McGugin et al. (2011) also demonstrated that
the amount of performance attenuation was correlated with the
level of experience (e.g., greater expertise for cars was related
to greater costs in search performance for faces when cars
were distractors). Understanding the costs and benefits of the
use of category representations provides insight into how prior
knowledge impacts attentional selection.
This study investigated whether the degree of real-world
experience predicts the degree of activation of target item
representations and the degree of activation of task-relevant
and task-irrelevant category representations. To study this issue, we used a visual search task that measured the N2pc with
three requirements: (1) the use of two familiar categories that
have high cross-category similarity, to avoid low-level bottom-up effects where categories could be defined by distinctive visual features, such as faces versus cars and ape faces
versus human faces; (2) similar expertise within individuals in
both categories to avoid asymmetric category effects; and (3) a
quantifiable degree of expertise varying among individuals in
both categories. We addressed all of these points by measuring
the impact of dieting experience on the search for healthy
versus unhealthy food. First, because healthy and unhealthy
categories contain a broad variety of food items, we can include only items that are perceptually similar between categories (e.g., carrot sticks vs. Cheetos) in our search task. Second,
dieting necessitates the awareness of categorical boundaries
for both healthy and unhealthy food. Third, dieting experience
can be quantified via the widely used Three Factor Eating
Questionnaire (TFEQ; Stunkard & Messick, 1985), which
contains three subscales: Disinhibition, Restraint, and
Hunger measures.
In the TFEQ dieting questionnaire (Stunkard &
Messick, 1985), Disinhibition refers to losing control of
eating habits and is likely based on implicit and/or unconscious impulses. Restraint refers to conscious and explicit
resistance to eating. Hunger refers to general food cravings
or feelings of hunger. With the TEFQ, increased dieting
experience is typically quantified by lower Disinhibition
(decreased likelihood of binge eating), higher Restraint,
and higher Hunger levels. Thousands of studies have
linked the subscales in this dieting questionnaire to actual
dieting outcomes, including weight gain and loss (e.g.,
Elfhag & Rössner, 2005; Karlsson et al., 1994; Mcguire,
Wing, Klem, & Hill, 1999). Lower Disinhibition, specifically, has been shown to reliably predict the maintenance
of weight loss (Fogelholm, Kukkonen-Harjula, & Oja,
1999; see also Mcguire et al., 1999). Using the TEFQ (or
a revised version) as a measure of dieting experience to
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examine biases and behavior, previous work has shown
that people who diet more seem to be more sensitive to
food-related information compared to people who diet less.
For instance, dieters, who show high Restraint, are faster at
finding food words among neutral words and neutral words
among food words, compared to normal eaters who show
low Restraint (Hollitt, Kemps, Tiggemann, Smeets, &
Mills, 2010; see also Fletcher, Pine, Woodbridge, &
Nash, 2007). However, after being primed with palatable
foods, restrained dieters (but not unrestrained eaters) show
more hedonic affect toward words for palatable/unhealthy
foods (e.g., pizza) compared to neutral words (e.g., book;
Hofmann, van Koningsbruggen, Stroebe, Ramanathan, &
Aarts, 2010). Along similar lines, restrained dieters under
high cognitive load are more likely to overeat (i.e., display
heightened Disinhibition) compared to unrestrained eaters
(Mann & Ward, 2004, 2007; Ward & Mann, 2000). These
examples suggest that Restraint relies on conscious and
explicit mechanisms, while Disinhibition refers to more
implicit, automatic processes.
Our study investigated whether dieting experience (as
measured by the TEFQ) would impact activation of taskrelevant templates for single target food items and taskrelevant and task-irrelevant templates for healthy versus
unhealthy food categories. Based on the dieting literature
reviewed above, increased Restraint may lead to enhanced
activation of task-relevant item and category representations. However, prior N2pc studies suggest that the
amount of experience may not influence task-relevant activation (as measured by the N2pc on target-present trials)
when searching for a single item or for any items in a
category. Exemplar and category N2pc effects have been
readily observed for both highly familiar and newlylearned objects (Nako, Wu, & Eimer, 2014; Nako, Wu,
Smith, et al., 2014; Wu et al., 2015; Wu et al., 2013;
Wu et al., 2016). By contrast, activation of task-irrelevant category representations (as measured by the N2pc
in Bfoil^ trials) may be modulated by dieting experience,
specifically decreased Disinhibition, because this construct reflects implicit responses to healthy and unhealthy
food. This Bfoil N2pc^ effect has only been observed previously for familiar stimuli (Nako, Wu, & Eimer, 2014;
Nako, Wu, Smith, et al., 2014; Telling et al., 2009; Wu
et al., 2015; Wu et al., 2013), but not for less familiar
newly learned complex stimuli (e.g., Chinese characters
for non-Chinese readers, Wu et al., 2013; novel alien
characters, Wu et al., 2016). While all three TFEQ subscales were included in this study, we expected that
Disinhibition would affect task-irrelevant activation (i.e.,
foil N2pc), that Restraint may affect top-down explicit
task-relevant activation of item and category representations, and that Hunger may globally affect activations of
both task-relevant and task-irrelevant representations.
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Method
Participants
Eighteen participants (M = 22.39 years, SE = 0.90, 11 females,
seven males) provided data for this study. They were recruited
via a typical undergraduate subject pool at the University of
Rochester and were not clinical dieters (i.e., no clinically diagnosed extreme eating habits or eating disorders). An additional three participants were excluded due to excessive eye
movements in over 50% of ERP trials. All participants received $25 for their time.
Stimuli
The full-color stimuli consisted of 12 images of healthy
foods (squash, raisins, bananas, pears, onions, pumpkins,
carrots, tomatoes, lemons, mushrooms, chickpeas, grapes)
and 12 images of unhealthy foods (fries, chocolate, butter,
fried chicken, cupcakes, croissants, Cheetos, steak, Mac
‘n Cheese, burgers, onion rings, bacon; see Fig. 1). These
24 images were selected from a total of 40 images of food
items that the participants from a convenience sample (N
= 43, mean age = 23.03 years) consistently categorized
(>95%) as either healthy or unhealthy. Each item in the
healthy category was visually similar to another item in
the unhealthy category in terms of color, general shape,
and/or size (e.g., carrots vs. Cheetos; peeled bananas vs.
butter bricks). Specifically, there were no statistical differences between the healthy and unhealthy items overall, in
terms of red-green-blue (RGB), hue-saturation-value/
brightness (HSV/B), lightness-saturation-hue (LCH), and
lightness-red/green-yellow/blue (LAB) values, t(22) <
1.15, p > .266. Each item was isolated on a gray background (RGB: 96, 96, 96) and each image subtended
5.34° × 5.34°. Two items were presented in each search
array, one on each side of the fixation point, to elicit the
N2pc from ipsilateral and contralateral electrode sites.
Design and procedure
Prior to the main experiment, participants completed a standard
dieting questionnaire with Disinhibition, Restraint, and Hunger
scales taken from Stunkard and Messick (1985). In general,
increased dieting experience is reflected by lower
Disinhibition, higher Restraint, and higher Hunger. To ensure
the participants’ ability to complete the visual search experiment, participants first categorized all food images to be shown
in the main experiment in a pen-and-paper task: half of the
participants circled all healthy food items, and the other half
circled all unhealthy items. The participants were allowed to
take as much time as they needed to complete this task accurately. The high accuracy in this categorization task (mean = 94%,
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SD = 5%, range: 83%–100%) confirmed that the food items
were consistently categorized correctly. Prior to the main experiment, participants received feedback on the incorrectly categorized items and reviewed all of the items with the correct category labels simultaneously presented on a piece of paper.
In the main experiment, each participant completed three
search tasks in a single experimental session: one exemplar
search task (eight blocks of trials for either a specific healthy
or unhealthy item) and two category search tasks (eight blocks
of search trials for healthy food items and eight blocks for unhealthy food items), with task order counterbalanced across participants. The two category search tasks were combined in the
analyses.1 For the exemplar search task, participants searched for
a specific food item indicated at the beginning of the task. The
specific food item in the exemplar search task was held constant
for the entire duration of the experiment for each participant,
because previous studies showed that it is extremely difficult
for the participant to switch targets on every trial (e.g., Wu
et al., 2013). Across participants, all exemplars were assigned
as the search targets to at least one participant. For the two
category search tasks, participants searched in separate tasks
for either all healthy or all unhealthy food items.
In the exemplar search task, each of the eight blocks
consisted of 28 exemplar match trials (e.g., the target
healthy food item appeared, along with an unhealthy food
item), 28 foil trials (e.g., a non-target healthy food item
appeared, along with an unhealthy item), and six no target
trials (e.g., two unhealthy items appeared; see Fig. 2). To
balance the number of target-present and target-absent responses in the exemplar search task and to maximize the
number of foil trials, we included the same number of
exemplar match and foil trials, while including a few no
target trials. The presentation order of all trial types was
randomized. The number of trials per trial type in this
study was the same as in previous studies with a similar
design (e.g., Wu et al., 2015; Wu et al., 2016). Each of the
eight category search blocks per task (i.e., healthy and
unhealthy category search tasks) contained 28 category
match trials (e.g., any of the healthy food items appeared
on one side of the array with any of the unhealthy items
on the other side of the array) and 28 no target trials (e.g.,
two unhealthy items appeared in the array in the healthy
category search task). There were no foil trials in the
1

To reduce fatigue in the participants and to maximize the number of trials per
task, we only included one (instead of two) exemplar search task and two
category search tasks. Therefore, an item from one category was included as
the target for two tasks, while items from the other category were the target for
only one task. By doing so, we may have enhanced the efficiency for searching
for one of the categories. However, the assignment of participants to the task
conditions was counterbalanced and random, and the neural and behavioral
responses to both categories were averaged within participants. Therefore,
although the design did not support comparing within subjects healthy versus
unhealthy search trials, it accounted for the imbalance in target relevance
across participants.
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Fig. 1 Healthy and unhealthy food items used as search stimuli (top panel). Example search arrays from target (exemplar or category match trials), foil,
and no target trials (bottom panel)

category search blocks, as all items from the target category were considered targets in this task. The presentation
order of the category match and no target trials was randomized. In the entire experimental session, there were
1,392 trials in total.
Each two-item search array was displayed for 200 ms,
followed by a response window of 1,600 ms that displayed
only the small black fixation dot in the center of the gray
screen (see Fig. 2). Participants indicated target presence or
absence by pressing either the left or right arrow keys.
Participants were instructed to answer as quickly and as accurately as possible and to blink only during intertrial intervals
after responding, while maintaining fixation on the central dot
throughout the experiment.

Fig. 2 Sample sequence of trials in both exemplar and category search tasks

EEG recording and data analysis
At standard positions of the extended 10/20 system, the EEG
was DC recorded from 32 scalp electrodes with a 500 Hz sampling rate and off-line 40 Hz low-pass filter. The data were
recorded with a left earlobe reference and re-referenced off-line
to the averaged earlobes. We used a 100-ms prestimulus baseline
for epochs from −100 ms to 500 ms relative to the search array
onset. For the artifact rejection criteria, we used horizontal EOG
exceeding ±25 μV, vertical EOG exceeding ±60 μV, all other
channels exceeding ±80 μV. For all ERP analyses, only correct
trials were used. After eye-movement artifact rejection, we
retained 73% of all correct trials on average per participant.
The time window used to determine the mean N2pc amplitude
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N2pc

N2pc

Fig. 3 Grand average ERPs elicited in response to search arrays for
exemplar, category match, and foil trials at posterior electrodes PO7/8
contralateral and ipsilateral to a target item. N2pc difference waveforms

were obtained by subtracting ipsilateral from contralateral ERP waveforms at PO7/8 for each trial type

was 180 ms to 320 ms after search array onset at lateral posterior
electrodes PO7 and PO8 (Nako, Wu, & Eimer, 2014).

experience is related to increased activation of task-irrelevant
category representations. Next, we report in detail the ERP
results on task-relevant and task-irrelevant activation of attentional templates and the relation to dieting experience, and
include the behavioral analyses on the overall performance
in the visual search task.

Results
This study investigated whether the degree of dieting experience predicts the degree of activation of task-relevant single
target representations and the degree of activation of taskrelevant and task-irrelevant category representations. In this
study, task-relevant activation was quantified by the N2pc
amplitude on target-present trials (i.e., exemplar match and
category match), while task-irrelevant activation was quantified by the N2pc amplitude on target-absent trials in the exemplar search tasks (i.e., foil trials). The no target trials (combined from both the category search task and exemplar search
task) could not be included in the ERP analyses due to the
contralateral nature of the N2pc: Referencing a target or foil in
a specific location is required for N2pc analyses to specify
whether PO7 or PO8 is the ipsilateral or contralateral electrode
on a given trial. Following previous studies (e.g., Nako, Wu,
& Eimer, 2014; Nako, Wu, Smith, et al., 2014; Wu et al.,
2015; Wu et al., 2016), the ERP analyses included the
target-present trials (exemplar match, category match) and
only foil trials for target-absent trials, while the behavioral
analyses included target-present trials (exemplar match and
category match) and target-absent trials (foil and no target).
The ERP (N2pc) results support the hypothesis that increased

ERP results
For the analyses of the ERP data, we first investigated the
presence of and differences in N2pc amplitude among exemplar match, category match, and foil trials, and then tested
whether the degree of dieting experience predicted the N2pc
amplitude in the different trial types. The no target trials were
not included in these analyses since there was no preidentified
target or foil for those trials.
Overall N2pc amplitude The N2pc difference wave between
contralateral and ipsilateral waveforms was evaluated for exemplar match, category match, and foil trials. The results are
illustrated in Figs. 3 and 4. A 2 (laterality) × 3 (trial type)
ANOVA confirmed a significant main effect of laterality,
F(1, 17) = 22.52, p < .001, η2 = 0.57, and a significant interaction between laterality and trial type, F(2, 34) = 2.24, p =
.002, η2 = 0.31. Pairwise t tests (adjusted α = 0.017) between
contralateral and ipsilateral mean amplitudes revealed significant N2pc components for exemplar match trials, t(17) =
4.38, p < .001, and category match trials, t(17) = 3.25, p =
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.005, but the N2pc for foil trials only approached significance,
t(17) = 1.79, p = .092. Pairwise t tests (adjusted α = 0.017; see
Fig. 4) revealed that the N2pc for exemplar match trials was
larger than the N2pc for foil trials, t(17) = 3.36, p = .004, and
marginally larger than the N2pc for category match trials,
t(17) = 2.56, p = .020, and there was no difference between
foil and category match trials, t(17) = 1.17, p = .258. These
results are entirely consistent with previous studies using a
similar paradigm (e.g., Nako et al., 2014a, b; Wu et al.,
2015; Wu et al., 2016), as the N2pc is typically most robust
for task-relevant cases, and is larger when the search involves
a single target item compared to multiple target items from the
same category. The N2pc observed for foil trials, which indicates activation of task-irrelevant category representations, but
is often weaker than the N2pc for target relevant searches, was
only marginally significant here. Below, we further examined
whether the significant N2pc effect for exemplar match and
category match trials, and the marginally significant N2pc
effect for foil trials, might be modulated by dieting experience
based on our prior hypotheses that Disinhibition would affect
activation in target-absent trials (foil N2pc), that Restraint may
affect activation in target-present trials (exemplar and category
N2pc), and that Hunger may globally affect both targetpresent and target-absent trials.
Dieting experience and N2pc To analyze the effects of the
dieting experience scores on the N2pc amplitude for each trial
type, we estimated two separate regression models for the
target-present trials (i.e., exemplar match and category match)
and target-absent trials (i.e., foil trials). For the target-present
trials (i.e., exemplar match and category match trials), no
dieting measures significantly predicted the N2pc amplitudes
for either of the target-present trial types, t(17) < .51, revealing
no influence of dieting experience on these trials. However,
for the Foil trials, while no significant effect was found for the
Hunger and Restraint scales on the N2pc component,
Disinhibition ratings significantly predicted N2pc amplitude,
t(17) = 2.70, p = .018, β = 0.629: Specifically, a lower
Disinhibition rating (i.e., increased dieting experience) predicted a larger foil N2pc amplitude (i.e., a larger negative
amplitude; see Fig. 5), revealing the influence of dieting
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Fig. 5 Disinhibition ratings from the dieting questionnaire (TEFQ;
Stunkard & Messick, 1985) predicted the N2pc mean amplitude on foil
trials

experience on the activation of irrelevant category information
during the search for a single target.2
Behavioral results
For the behavioral results, we investigated the differences in
accuracy and reaction time among the four trial types. A oneway ANOVA with the within-subject factor trial type (exemplar/category/foil/no target) was conducted over logtransformed reaction times (RT) and accuracy (see Fig. 6).
There was a significant difference among trial type, RT: F(3,
51) = 150.79, p < .001, η2 = 0.90, Accuracy: F(3, 51) = 11.65,
p < .001, η2 = 0.41. Planned t tests were then conducted
separately on target-present trials (exemplar match vs. category match) and target-absent trials (foil vs. no target) (adjusted
α = 0.025) to analyze differences between trial types requiring
the same response. For the target-present trials, performance
was faster and better for exemplar match than category match,
RT: t(17) = 13.35, p < .001, accuracy t(17) = 4.72, p < .001.
This result is consistent with previous findings that it is easier
to search for an exact target than for multiple possible items
from a category. By contrast, for the target-absent trials, RT
was faster but accuracy was worse for foil than no target trials,
RT: t(17) = 13.07, p < .001, accuracy: t(17) = −2.73, p = .014.
Although we should not overinterpret this result because of
the speed–accuracy trade-off, this result appeared to be consistent with the idea that category representations might have
been activated even when participants searched for only one
target, and thus the presence of a foil might prompt the participants to respond quickly but incorrectly.

2

Fig. 4 N2pc mean amplitudes from exemplar, category, and foil trials.
Error bars represent ±1 SE

Note that we also explored whether the accuracy of the categorization quiz
(taken prior to the study) might predict the ERP results. The quiz score predicted the category N2pc amplitude at marginal significance, t(17) = 2.03, p =
.063, β = −0.480. On the other hand, dieting experience levels did not predict
the category quiz scores, perhaps due to ceiling effects on the categorization
quiz.
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Fig. 6 Reaction time and accuracy for all trial types split by targetpresent and target-absent responses. Error bars represent ±1 SE.
*p < .015

Discussion
The present ERP study investigated whether the degree of
experience (i.e., dieting) impacts the activation of taskrelevant item representations and the activation of taskrelevant and task-irrelevant category representations when participants searched for either a specific item or a category.
Dieting experience was quantified by a standard dieting questionnaire that included three subscales: Disinhibition,
Restraint, and Hunger (Stunkard & Messick, 1985). Taskrelevant activation of a single target representation and of a
category representation (i.e., item and category attentional templates) was quantified via N2pc amplitudes during exemplar
and category match trials, whereas activation of a task-irrelevant category representation when searching for a single target
was quantified via N2pc amplitudes during foil trials. As predicted, our ERP results revealed that increased dieting experience differentially impacted the activations of task-relevant
versus task-irrelevant attentional templates. Specifically, significant N2pc effects were observed for task-relevant representations for either a single target food item or a target category of
food items regardless of experience level. However, increased
dieting experience, as indicated by lower scores in the
Disinhibition scale, which represents decreased implicit loss
of control over eating habits (e.g., overeating), predicted larger
foil N2pc amplitudes, compared to decreased dieting experience. This finding suggests that when participants searched for
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a specific food item (e.g., carrots) and were supposed to ignore
other food items from the same category (e.g., other healthy
food items), a task-irrelevant category representation (e.g.,
healthy food) was more likely to be activated in more experienced rather than less experienced participants. By contrast,
the less experienced observers appeared to be less distracted
by non-target members from the same category as the target
when searching for a specific food item.
Our ERP results are novel and important for two main
reasons. First, we demonstrated that the degree of prior experience predicts the amount of activation of task-irrelevant representations. Most N2pc studies thus far have focused on how
search is guided by attentional factors, such as top-down
(goal-directed) or bottom-up (stimulus-driven) effects (e.g.,
Eimer & Kiss, 2010; Theeuwes, 2010), cueing effects (e.g.,
Woodman et al., 2009), or multiple features (e.g., Luck et al.,
1997), using Bpure^ simple stimuli that are not supposed to be
influenced by prior knowledge. An increasing number of studies on visual search and working memory show that prior
knowledge (e.g., statistical relations, category knowledge)
can allow us to overcome attentional and memory limitations
by grouping or Bcompressing^ information (e.g., Brady,
Konkle, & Alvarez, 2009; Brady, Störmer, & Alvarez, 2016;
Wu et al., 2016; see also Yang & Zelinsky, 2009). The use of
prior knowledge also seems to come at a cost, such as semantic interference in visual search (e.g., Telling et al., 2009) or
false alarms to foil non-target items within the target’s category (e.g., selecting the letter R when the letter A is the target;
Nako, Wu, & Eimer, 2014). Previous N2pc studies have suggested that these costs may be due to inappropriate target templates developed for familiar stimuli: significant foil N2pc amplitudes have been elicited only for highly familiar categories
rather than novel categories (e.g., clothing vs. aliens; Nako
et al., 2014b; Wu et al., 2013; Wu et al., 2015). Extending
previous work, the present study demonstrated that the foil
N2pc amplitude depends on the degree of the experience:
Increased dieting experience induces a n automatic activation
of category representations of healthy and unhealthy food
items, even when category information is task-irrelevant. The
use of Binappropriate,^ or task-irrelevant, templates in this
study coincides with other studies showing that when information at hand deviates from the statistics in the familiar natural
environment, participants make more mistakes (Blanco
et al., 2016; Green, Benson, Kersten, & Schrater, 2010;
Orhan, Sims, Jacobs, & Knill, 2014). Naturally, adults have a
strong tendency to rely initially on prior experience and employ familiar cognitive models and heuristics to solve various
tasks. Such models and heuristics are adaptive in everyday life,
but may be inappropriate for a current experimental task. Our
study found that prior experience requiring the use of category
boundaries (e.g., dieting) led observers to rapidly apply category knowledge to guide attention, even when the category
information was task-irrelevant. Critically, the magnitude of
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the activation of such task-irrelevant representations appears to
depend on the level of experience.
Second, the stimulus sets that we employed revealed that
distinctive perceptual features among category members are
not necessary to guide search, and that perceptually different
items grouped into broad subjective categories also can guide
search rapidly. In previous studies, the N2pc typically had
been elicited with specific well-defined targets (e.g., the letter
A or a green diamond), and has only recently been shown to be
elicited with a range of items from various finite or welldefined categories (e.g., any letter, any clothing; Nako, Wu,
& Eimer, 2014; Nako, Wu, Smith, et al., 2014; Telling et al.,
2009; Wu et al., 2013; Wu et al., 2015; Wu et al., 2016).
Previous categorization studies typically implement stimuli
that are perceptually similar within a category (e.g., faces,
cars, teddy bears; Freedman, Riesenhuber, Poggio, & Miller,
2001; McGugin et al., 2011; Yang & Zelinsky, 2009) or finite
with strict boundaries (e.g., letters vs. numbers; Nako et al.,
2014a). By contrast, heathy and unhealthy foods can be perceptually dissimilar within categories and similar between categories. Moreover, the category boundary between healthy
and unhealthy food often varies due to subjectivity (e.g., BIs
pizza a vegetable?^). While the healthy vs. unhealthy distinction might be subjective, the present visual search task provided consistent and clear category boundaries for all participants. Indeed, the participants in this study did not have to be
on a diet to categorize the items correctly, which was exemplified by the high accuracy on the category quiz, indicating
that all participants in this study largely agreed on the category
boundary. The current study is the first to show that even
diverse subjective categories can trigger a reliable N2pc
ERP component, although the N2pc component may be attenuated when the category is broad and not easily well-defined
perceptually or conceptually, as in this study.
In future work, the effect of experience on attentional templates should be further investigated by examining the type
and amount of training/experience that would lead to the automatic activation of task-relevant and task-irrelevant category representations. Focusing on dieting experience as a means
to study this question, our study used a common standardized
dieting questionnaire to assess general dieting experience,
which was inferred from undergraduates who were not
preselected based on dieting behavior. Future work could incorporate additional complementary measures of dieting experience and dieting behavior, such as types of diets, successful or unsuccessful weight loss, and the reward value of
healthy versus unhealthy foods, to accommodate the wide
range of diets and dieting behaviors (e.g., in the Paleo diet,
steak is Bhealthy,^ but it was in the Bunhealthy^ category in
the present study). For example, successful and unsuccessful
dieters have been shown to have different representations of
healthy and unhealthy foods: After being primed with a
palatable/unhealthy food item (e.g., chocolate muffin), a
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healthy food item (e.g., apple) seemed larger to successful
dieters, but smaller to unsuccessful dieters relative to other
unhealthy foods (van Koningsbruggen, Stroebe, & Aarts,
2011). Successful dieting can depend on whether unhealthy
food is seen as desirable/tempting or related to weight gain
and therefore something to avoid (van Koningsbruggen,
Stroebe, & Aarts, 2013). These additional measures may provide further insights into the kind and/or amount of experience
that might impact task-relevant and task-irrelevant activation
of attentional templates in visual search in nonclinical dieters.
Differences in attentional biases to food also have been observed with clinical populations, such as obese individuals,
which may impact healthy food choices in general (e.g.,
Gearhardt, Treat, Hollingworth, & Corbin, 2012). Patients
with anorexia nervosa or bulimia nervosa have heightened
top-down control when viewing food images (e.g., Brooks
et al., 2011), which originate from frontal-striatal networks
that underlie habitual behavior (Foerde, Steinglass,
Shohamy, & Walsh, 2015). Further investigation on the effects
of learned biases (e.g., value judgments; category boundaries)
on attentional selection may provide implications for specialized interventions. Also, given the small sample size for a
study investigating a continuous predictor, these results
should be replicated, especially with a larger sample size.
The effect of prior knowledge on attentional guidance should
also be generalized to other types of experience.
Investigations on how and why degree of experience benefits and hinders attentional selection is crucial for cognitive
science, and dieting experience appears to be one appropriate
means for such investigations. In general, it is important to
understand how and why prior experience influences attentional selection because it has cascading effects on future
learning (see Scerif, 2010). The current study showed that
increased experience amplifies the activation of taskirrelevant category representations, which suggests that prior
experience with categories may encourage the increased likelihood in retrieving category knowledge that can influence
early attentional selection. Note that while such a cognitive
model is highly efficient in familiar environments, it could be
inefficient in novel environments or altered environments.
Therefore, to what extent overlearned information may be
flexibly retrieved or suppressed in familiar or altered/novel
environments should be further explored. Finally, future research should clarify how and why prior experience impacts
subsequent attention and learning to better understand
tradeoffs and cascading effects of flexible versus inflexible
cognitive abilities.
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