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Objective: Recent research has identified specific cognitive deficits in patients with anorexia nervosa
(AN), including impairment in executive functioning and attention. Another such cognitive process,
implicit category learning has been less studied in AN. This study examined whether implicit category
learning is impaired in AN. Method: Twenty-one women diagnosed with AN and 19 control women
(CW) were administered an implicit category learning task in which they were asked to categorize simple
perceptual stimuli (Gabor patches) into one of two categories. Category membership was based on a
linear integration (i.e., an implicit task) of two stimulus dimensions (orientation and spatial frequency of
the stimulus). Results: AN individuals were less accurate on implicit category learning relative to
age-matched CW. Model-based analyses indicated that, even when AN individuals used the appropriate
(i.e., implicit) strategy they were still impaired relative to CW who also used the same strategy. In
addition, task performance in AN patients was worse the higher they were in self-reported novelty
seeking and the lower they were in sensitivity to punishment. Conclusions: These results indicate that
AN patients have implicit category learning deficits, and given this type of learning is thought to be
mediated by striatal dopamine pathways, AN patients may have deficits in these neural systems. The
finding of significant correlations with novelty seeking and sensitivity to punishment suggests that
feedback sensitivity is related to implicit learning in AN.
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al., 2011; Wagner et al., 2006). AN has the highest mortality
among all psychiatric disorders (Sullivan, 1995), and as such,
understanding this disease from multiple perspectives is an important undertaking.
In recent years, there has been growing interest in studying
cognitive functioning in patients with AN. These studies are important for a better understanding of AN given the possibility that
cognitive deficits may (a) contribute to the development and
persistence of AN, (b) result from neurological changes associated
with the disease, or (c) influence the choice of treatment approaches. Many of these studies have found deficits primarily in
executive functioning (Fassino et al., 2002; Holliday, Tchanturia,
Landau, Collier, & Treasure, 2005; Jones, Duncan, Brouwers, &
Mirksy, 1991; Lauer, Gorzewski, Gerlinghoff, Backmund, & Zihl,
1999; Roberts, Tchanturia, Stahl, Southgate, & Treasure, 2007;
Steinglass, Walsh, & Stern, 2006; Tchanturia, Whitney, & Treasure, 2006), visual-spatial abilities (Grunwald et al., 2001; Jones et
al., 1991; Kingston, Szmukler, Andrewes, Tress, & Desmond,
1996; Palazidou, Robinson, & Lishman, 1990; Szmukler et al.,
1992), and attention (Bosanac et al., 2007; Johansson, Ghaderi, &
Andersson, 2005; Ohrmann et al., 2004; Seed, Dixon, McCluskey,
& Young, 2000; Seed, McCue, Wesnes, Dahabra, & Young, 2002;
Shafran, Lee, Cooper, Palmer, & Fairburn, 2007). Although past

Anorexia nervosa (AN) is a severe psychiatric illness characterized by restrictive eating, fears of being fat despite life threatening low weight, and can be associated with binge eating and/or
purging behavior (APA, 2000). Common temperament traits of
eating disorder patients include high harm avoidance, cognitive
rigidity, and alterations in feedback sensitivity (Anderluh, Tchanturia, Rabe-Hesketh, & Treasure, 2003; Bulik et al., 2003; Jappe et
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studies have also identified deficits in AN patients in general
intellectual functioning (Chui et al., 2008; Mathias & Kent, 1998),
a recent systematic review and meta-analysis found that people with
AN tend to have higher IQ scores compared with healthy comparison
groups (Lopez, Stahl, & Tchanturia, 2010). These results suggest that
difficulties in cognitive functioning in AN may be more specific than
an impairment in general intellectual functioning, and raises the
possibility that AN might impact only certain neural systems. In a
recent review, Lena et al. (Lena, Fiocco, & Leyenaar, 2004) stressed
the need for greater exploration of these neurocognitive deficits in AN
suggesting that impaired cognition may in fact contribute to the
genesis of the disease.
Although there have been more recent studies examining cognition in AN, there are other potentially important processes that
have received less attention, such as those associated with learning
and memory (Chui et al., 2008; Jones et al., 1991; Mathias & Kent,
1998). This area of research could have important implications for
a better understanding as to whether or how faulty learning and
memory mechanisms contribute to the development or maintenance of AN. While a handful of studies have examined explicit
memory performance in AN, few have studied implicit memory in
these patients. Implicit memory denotes a class of learning
and memory processes that operate outside conscious awareness
and includes processes such as priming, classical conditioning, and
procedural learning. The few studies that have studied implicit
learning in AN have examined whether patients with an eating
disorder are abnormally primed to process food- or body-related
information (Hermans, Pieters, & Eelen, 1998; Johansson, Ghaderi, Hallgren, & Andersson, 2008). The results of those studies
have been somewhat inconsistent. Whereas Hermans et al. (1998)
found no implicit memory bias in their word stem completion task,
Johansson et al. (2008) found that AN individuals exhibited attentional interference for food-related words. Other forms of implicit
learning that have been examined include measures of procedural
learning, which is a process primarily involved in the acquisition
of skills and habits. Lawrence et al. (Lawrence et al., 2003), for
example, found that AN patients were impaired relative to controls
on a measure of visual discrimination learning (which is believed
to be a measure of procedural learning). These same patients were
not impaired on a pattern recognition task, which is a measure of
explicit memory. These authors argued that the AN patients’
deficits on the visual discrimination learning task were likely
related to alterations in the subcortical dopamine reward-based
learning system, given that alterations in this system in primates
and humans diminishes the learning of this task. In contrast, the
normal performance of the AN patients on the pattern recognition
task was thought to be related to intact functioning in the medial
temporal lobe memory system, which is thought to mediate explicit learning and memory. The suggestion that changes in the
dopamine reward-based learning system resulted in AN patients’
deficits on this task is consistent with a growing literature suggesting alterations in the dopamine system in these patients (Fladung et al.; Frieling et al., 2010; Kaye, Ebert, Gwirtsman, &
Weiss, 1984).
Additional evidence that AN patients may have alterations in
reward-based mechanisms comes from studies using self-reports,
such as the Sensitivity to Punishment-Sensitivity to Reward Questionnaire (SPSRQ), which measures the saliency of rewarding or
punishing real-world reinforcers (e.g., social or monetary reinforc-

ers). Using the SPSRQ, Jappe et al. (2011) found that AN patients
were more sensitive to both punishment and reward than controls,
indicating alterations in feedback sensitivity in AN patients. Despite these interesting findings, the relationship between the AN
patients’ altered feedback sensitivity and behavioral measures of
reinforcement-based learning have yet to be examined. The potential link between learning and feedback sensitivity in AN is important in this context, since traits such as sensitivity to reward or
punishment affect learning (Cavanagh, Frank, & Allen, 2011) and
could be related to the ability to change behavior and thus the
course of the illness. Taken together, the study of implicit learning,
and how deficits in this area relate to self-report AN temperament
or behaviors, may help identify specific brain alterations in AN,
which could have important implications in our understanding of
what AN individuals learn to find rewarding or reinforcing (Wächter, Lungu, Liu, Willingham, & Ashe, 2009).
The purpose of the present study was to examine implicit
learning in women with AN. To this end, AN patients and control
women (CW) were administered a category learning task that
emphasized the procedural-based learning system that relies on
dopamine reward-based learning (Ashby, Alfonso-Reese, Turken,
& Waldron, 1998). The task is described in detail below, but
briefly, participants are presented with simple perceptual stimuli,
categorize the stimuli into one of two categories, and are given
corrective feedback immediately following their response. Importantly, this task is believed to be mediated by the dopamine
reward-based learning system since fast, corrective feedback stimulates dopamine activation and learning (Schultz, 2002), while
delaying such feedback results in diminished learning (Maddox,
Ashby, & Bohil, 2003; Maddox et al., 2005). Other evidence that
dopamine signaling might play an important role in learning the
procedural-based category learning task comes from studies showing that patients with known damage to the dopamine systems (i.e.,
Parkinson’s disease) are impaired on this task (Filoteo, Maddox,
Salmon, & Song, 2005) as well as functional neuroimaging studies
with normal participants demonstrating activation of the posterior
caudate (Nomura et al., 2007), a brain region believed to make use
of dopamine signaling during learning (Miyachi, Hikosaka, Miyashita, Karadi, & Rand, 1997; Nakamura & Hikosaka, 2006).
Given the previously identified alterations in dopamine systems
in AN and the proposed involvement of such systems in implicit
category learning, we predicted that AN patients would be significantly impaired in implicit learning relative to controls as demonstrated by lower accuracy on the category learning task. To
assess whether implicit category learning was associated with
temperament and behavior variables, we also examined the relationship between task performance and self-report measures of
feedback sensitivity such as reward and punishment. We predicted
that poorer performance in category learning would be associated
with altered levels of feedback sensitivity in the AN group.

Method
Participants
Twenty-one female patients with AN and 19 control women
(CW), all Caucasian, participated in the study. Ten of the AN
patients were of the binge/purge subtype, while the remaining 11
AN patients were restricting subtype. Table 1 shows the mean age
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Table 1
Demographic and Disease-Related Data for Study Groups

Study Age (years)
BMI
BMI Low
Duration of Illness (years)
Age of Onset (years)

CW (n ⫽ 19)

AN (n ⫽ 21)

M

SD

M

SD

27.3
21.8
—
—
—

5.3
1.5
—
—
—

25.2
16.2
14.4
7.95
16.8

6.4
1.3
2.3
7.4
2.0

and body mass index (BMI) of the AN patients and CW participants, and the lowest BMI, duration of illness, and age of disease
onset for the AN patients. The mean age of the AN group and the
CW group did not differ (p ⫽ .28). As expected, the mean BMI for
the AN patients was significantly lower than for CW participants
(p ⬍ .001). A 2 test revealed that there were no educational level
differences between the AN and CW groups (p ⫽ .27). Patients
were recruited from the Partial Hospitalization Program at the
Eating Disorder Center of Denver (a facility that treats adult eating
disorder patients, n ⫽ 17) or the inpatient eating disorders unit at
Children’s Hospital Colorado (a facility that treats children and
adolescents with eating disorders through the age of 21, n ⫽ 4).
While the mean age and duration of illness differed in the two
treatment settings, AN patients had similar current or lowest BMI,
and age of disease onset regardless of the type of treatment facility.
Each patient completed the study within a few weeks of starting
treatment and the subject’s height and weight were taken the day
of testing. Patients completed the Structural Clinical Interview for
DSM–IV Disorders (SCID-IV) with a trained doctoral level clinician to ensure they met criteria for AN. Control participants also
completed the SCID to screen for abnormal eating behaviors or
other DSM–IV disorders. All CW participants had a BMI between
19 and 25 and had no personal or family history of mental or
neurological disorders. This study was approved by the Colorado
Multiple Institutional Review Board and participants gave written
informed consent.

Clinical Measures
The Beck Depression Inventory (BDI-2; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) is a 21-item self-report that measures depression symptom severity.

Figure 1.
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The Temperament and Character Inventory (Cloninger, Svrakic,
& Przybeck, 1993) is a 240-item inventory consisting of 7 independent dimensions. We included two of these (Novelty Seeking
and Harm Avoidance), which are variables previously implicated
in AN (Wagner et al., 2006).
The Eating Disorder Inventory 2 (EDI-2; Garner, 1991) contains
91 items organized onto 12 primary scales. Of the 12 scales, four
were used: Drive for Thinness, Body Dissatisfaction, Bulimia, and
Perfectionism.
The Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ; Torrubia, Avila, Molto, & Caseras, 2001) is a
48-item self assessment that is based on Reinforcement Sensitivity
Theory (RST; Gray, 1970). The scale provides separate scores for
sensitivity to punishment (SP) and sensitivity to reward (SR).

Stimuli and Stimulus Generation
The specific version of the category learning task used in this
study required participants to learn to categorize simple perceptual
stimuli (Gabor patches; see Figure 1) into one of two categories
(Category A or Category B) when the rule that dictated category
membership was nonverbal (implicit learning) and required a
linear integration of two stimulus dimensions (orientation and
spatial frequency of the gratings of the Gabor patch; see below for
details). The study used the randomization technique introduced by
Ashby and Gott (Ashby & Gott, 1988). Stimuli consisted of Gabor
patches that varied in spatial frequency and orientation (see Figure
1). For each experiment, an equal number of Category A and
Category B stimuli were generated by sampling randomly from
two bivariate normal distributions. Each category distribution is
specified by a mean and a variance on each dimension, and by a
covariance between dimensions. For both category structures it
was always the case that the covariance matrix for Category A was
identical to the covariance matrix for Category B. The categories
differed only in the location of their means. The exact parameter
values for each experiment are listed in Table 2 (Note: these are in
arbitrary units that were transformed into the stimulus units using
the methods described below). The category structure for the
experiment is displayed in Figures 2. Each filled square in these
figures denotes the spatial frequency and spatial orientation of a
Gabor pattern from Category A, while each unfilled circle denotes
the spatial frequency and spatial orientation of a Gabor pattern
from Category B. The solid line in these figures denotes the
location of the optimal decision bound. The use of the optimal
bound maximizes long-run accuracy.

Computer generated Gabor patch.
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Table 2
Category Distribution Parameter Values for the Implicit
Category Learning Task
Information-Integration (Implicit) Task
Category

f

o

f2

2o

covf,o

A
B

260
339

125
125

75
75

9000
9000

0
0

The stimuli were computer generated and displayed on a 21
monitor with 1360 ⫻ 1024 resolution. In each of the three experiments, the stimuli consisted of a single Gabor patch (see Figure
1). Each of the stimuli varied in orientation and spatial frequency.
Each Gabor patch was generated using MATLAB routines from
Brainard’s (1997) Psychophysics Toolbox. Each random sample
(xf, xo) was converted to a stimulus by deriving the frequency, f ⫽
.0025 ⫹ (xf/5000) cycles per pixel, and orientation, o ⫽ 0.36xo
degrees. The scaling factors were chosen in an attempt to equate
the salience of frequency and orientation based on our past experience with these stimuli. Each Gabor patch was 7 cm in diameter,
which subtended a visual angle of about 8.8 degrees from a
viewing distance of 45 cm.

Experimental Procedure
Three hundred and twenty trials were presented and were broken down into four blocks of 80 trials. At the start of the experiment, the participants were told that they were involved in a study
that examined their ability to categorize simple stimuli, that a
series of stimuli would be presented, and that they would be asked
to categorize each as a member of either Category A or Category
B. They were also told that at the beginning of the experiment they
may feel as though they were guessing, but as the experiment
progressed, their accuracy would likely increase. Participants indicated their categorization responses by pressing one key for
Category A stimuli and another key for Category B stimuli. For
each trial, the stimulus was presented until the participant’s categorization response was made, then immediately following their
response, they were given feedback for 1 second that consisted of
the word “wrong” if their response was incorrect or “correct” if
their response was correct. Once feedback was given, the next trial
was initiated 1 second later. Total task duration was between 20
and 25 minutes, depending on individual subject response time.

approach to learning compared to control individuals to determine
if in fact the patients are impaired in procedural-based learning.
Although the main dependent measure in this study was the
accuracy of participants’ responses, we also applied a series of
models to the data to better understand the category learning
processes used by the AN patients and CW participants. These
models have been developed to analyze data in this paradigm and
have been used extensively to better understand the underlying
processes in category learning in both normal and patient populations (Ashby & Maddox, 1992; Ashby, 1992; Filoteo & Maddox,
1999; Filoteo, Maddox, & Davis, 2001; Maddox, 2001; Maddox &
Ashby, 1993; Maddox & Ashby, 1996; Maddox & Filoteo,
2001Maddox, Filoteo, Delis, & Salmon, 1996; Maddox, Filoteo, &
Huntington, 1998). Two classes of models were applied to the final
block of data separately for each participant (the details of these
models can be found in (Maddox & Ashby, 1993; Maddox, 1999).
One class of models assumes that the participant used a
procedural-based (PB) approach by performing an implicit integration of the spatial frequency and orientation of the stimuli. The
optimal PB model assumes that the participant used the rule
depicted in Figure 1 as the solid line. This model has one free
parameter representing the rule application variability (i.e., perceptual and criterial noise or 2). The second procedural-based
model was the general linear classifier (GLC), which also assumes
that the participant’s decision on each trial is based on a linear
integration of information from both the spatial frequency and
orientation dimensions, although the weighting given to the two
dimensions may be unequal. This model has three parameters,
including the slope and intercept of the linear bound, and the rule
application variability (i.e., 2).
The second class of models was the hypothesis testing (HT)
models, which assumed that the participant used a verbalizable
rule when performing the task. Two conjunctive rule models were
applied to the data, both of which assume that the participant based
her categorization decision on both dimensions. Both models as-

Model-Based Analyses
A major advantage of the task used in this study is that mathematical models have been developed to determine the specific
approach used by participants when learning the task (Maddox &
Ashby, 2004; Maddox et al., 2003; Zeithamova & Maddox, 2006).
These models enable a more detailed investigation of procedural
learning in that previous studies have shown that patient groups
can differ from controls in implicit learning not because of an
impairment in such processes, but instead because they adopted a
different strategy than controls when learning (Shohamy, Myers,
Onlaor, & Gluck, 2004). Thus, through the use of these models, we
are able to identify AN patients who adopted a procedural-based

Figure 2. Category structure for the experiment.
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sumed that the participant set a criterion along the spatial frequency dimension that distinguished low from high frequency
stimuli, and set a criterion along the orientation dimension that
distinguished shallow from steep angled stimuli. Thus the model
assumed that there were four response regions: low frequency/
shallow angle, low frequency/steep angle, high frequency/shallow
angle and high frequency/steep angle. The criterion along the
spatial frequency dimension was a free parameter and the criterion
along the orientation dimension was a free parameter. One model
assumed that low frequency/steep angle stimuli were in category A
and all other stimuli were in category B. The other model assumed
that high frequency/shallow angle stimuli were in category B and
all other stimuli were in category A. Both models also included a
rule application variability parameter (i.e., 2), for a total of three
parameters in each model. Two additional hypothesis-testing models that were applied were unidimensional models, one that assumes the participant categorized the stimuli based only on the
spatial frequency dimension and another that assumes the participant categorized the stimuli based only on the orientation dimension. These two models had two free parameters, a decision
criterion on one of the dimensions and 2. A final model that was
applied assumes that the participant responded randomly (RR).
Akaike’s (Akaike, 1974) information criterion (AIC) was used to
determine the model that provided the best account of the data.

Statistical Analyses
Demographic and behavioral results across groups were analyzed using SPSS 18.0 statistical software package using twotailed independent t tests. Task performance was examined by
contrasting participants’ accuracy (percent correct), response time
(reaction time (RT)), and RT variability (mean standard deviation
for each block) across the entire 320 trials in 80 trial blocks using
a 2 (group: AN vs. CW) ⫻ 4 (blocks 1– 4) mixed-design
ANOVAs.

Results
Clinical Scales
The mean subscale and total scores for AN and CW on the BDI,
TCI, EDI-2, and the SPSRQ are provided in Table 3. AN patients
scored higher on the BDI than CW participants (p ⬍ .001). For the
TCI, AN patients scored higher than the CW on the Harm Avoidance scales (p ⬍ .05). For the EDI-2, the AN group had significantly greater scores than the CW group on all subscales (all ps ⬍
.01). For the SPSRQ, the AN group had greater scores on both the
SP and SR subscales (both ps ⬍ .05). There were no significant
differences in scores on any clinical measures between restrictingtype and binge/purging-type anorexia.

Task Accuracy Results
Accuracy results for the category learning task are shown in
Figure 3. An ANOVA identified a main effect of group, F(1, 38) ⫽
4.5, p ⬍ .05, 2p ⫽ .11, with AN participants performing worse
than the CW participants, and a main effect of block, F(3, 114) ⫽
10.6, p ⬍ .001, 2p ⫽ .27, with both AN and CW participants’
performances improving across the trials. There was a trend for a
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Table 3
Behavioral Data as Measured Through the Beck Depression
Inventory (BDI), Temperament and Character Inventory (TCI),
Eating Disorders Inventory 2 (EDI-2) Raw scores, and the
Sensitivity to Punishment and Sensitivity to Reward (SPSRQ)
CW

BDI
TCI
Novelty Seeking
Harm Avoidance
EDI-2
Drive for Thinness
Bulimia
Body Dissatisfaction
Perfectionism
SPSRQ
Sensitivity to Punishment
Sensitivity to Reward

AN

M

SD

M

SD

1.42

1.7

26.7

11.4

20.1
8.5

5.2
3.5

16.5
20.8

6.2
6.9

0.9
0.2
2.2
5.3

2.1
0.5
2.7
4.3

13.5
5.3
14.0
10.2

6.1
5.7
9.4
5.0

8.2
5.4

1.0
0.7

11.3
13.1

1.0
1.1

Group X block interaction, F(3, 114) ⫽ 2.4, p ⫽ .07, 2p ⫽ .08.
Despite the lack of a significant Group X block interaction,
follow-up t tests demonstrated that the two groups did not differ in
either blocks 1 or 2 (both ps ⬎ .17), but the two groups did differ
in blocks 3 and 4 (both ps ⬍ .05; 2p ⫽ .14 for block 3, and 2p ⫽
.16 for block 4). There was no difference in task performance in
the subgroups of AN patients.

Task RT Results
In addition to accuracy, we also examined RT results in the CW
and AN groups to help determine if other factors (e.g., attention
and/or fatigue) might account for the accuracy differences described above. It was anticipated that if these other factors could
account for the accuracy differences, then the AN group would
likely have greater and more variable RTs than CW, particularly in
the latter two blocks of trials where the accuracy levels differed.
For mean RTs, the ANOVA did not identify a main effect of
group, F(1, 38) ⫽ 1.1, p ⬎ .05, but a there was a main effect of
block, F(1, 38) ⫽ 11.5, p ⬍ .01, 2p ⫽ .24, with both AN and CW
participants’ RTs becoming faster across the blocks. Importantly,
there was no Group X block interaction, F(3, 114) ⫽ 0.8, p ⬎ .05,
indicating that RTs did not differ between the groups across
blocks. As for the RT standard deviations, there were no main
effects of group, F(1, 38) ⫽ 1.9, p ⬎ .05, or block, F(3, 114) ⫽
0.58, p ⬎ .05, and no Group X block interaction, F(3, 114) ⫽ 0.63,
p ⬎ .05.

Task Performance Correlations With Clinical Data
To examine the relationship between performances on the category learning task and the clinical measures, a learning slope was
computed by taking the final block accuracy and subtracting the
first block accuracy for each participant. This learning slope was
then correlated with the BDI and various subscales from the TCI
and EDI-2 using Pearson correlations. The correlation coefficients
for the TCI and EDI-2 are displayed in Table 4. For the TCI, the
learning slope in the AN patients correlated significantly with the
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Figure 3.

Implicit learning task accuracy results (ⴱ p ⬍ .05).

Novelty Seeking subscale, such that patients with lower learning
slopes (less learning) scored higher on this scale. For the SPSRQ,
there was a significant positive correlation between learning slope
and the SP subscale (p ⬍ .05) indicating that those AN patients
with lower learning slopes were less sensitive to punishment.
Learning slopes were not associated with the BDI, the included
subscales of the EDI-2, lowest BMI, duration of illness, or age of
disease onset. There were no significant correlations for the CW
group between learning slope and any of the clinical measures.

Model Results

one of the PB model (i.e., the optimal model or the general linear
classifier model) versus the number of participants whose data
were best fit by one of the HT models described above (i.e., the
conjunctive or unidimensional models). If one of the PB models
best accounted for a participant’s data, it would indicate that they
based their decision on an implicit integration of the two stimulus
dimensions, whereas if one of the HT model best accounted for a
participant’s data, it would indicate that this individual based their
decision on a verbalizable rule. Finally, if the RR model best
accounted for a participant’s data it would indicate that they were
responding randomly.
The results of these analyses for the final block indicated that,
for the CW group, nine data sets were best fit by a PB model, nine
were best fit by an HT model, and one was best fit by the RR
model. For the AN group, nine data sets were best fit by a PB
mode, seven were best fit by an HT model, and five was best fit by
the RR model. These frequencies did not differ based on a 2 test
(p ⫽ .22). Thus, although there were differences in accuracy rates
between the CW and AN groups, the two groups did not differ in
terms of the frequency of participants who used an implicit (PB),
verbalizable (HT), or random responding approach.
To further determine whether the model-based subgroups differed, we contrasted accuracy rates in the final block for the CW
and AN participants who used either a PB or HT approach. Final
block accuracy rates were used because these were the data on
which the model analyses were conducted. These accuracy rates
are shown in Figure 4. T tests demonstrated that the CW participants whose data were best fit by a PB model performed more
accurately than those AN participants whose data were best fit by
a PB model (p ⬍ .05). In contrast, accuracy in the final block for
the CW and AN participants whose data were best fit by an HT
model did not differ significantly (p ⫽ .75). Thus, accuracy rates
differed between CW and AN participants who used an implicit
approach to learning the task, whereas the groups did not differ in
those participants who used a verbalizable approach. Within group
comparisons between participants who used a PB or HT approach
indicated that the AN PB users tended to perform worse than AN
HT users (see Figure 4), although this difference was only a trend

To determine whether groups differed in how they solved the
categorization task in the last block of trials, we examined the
number of participants in each group whose data were best fit by

Table 4
Correlation Coefficients for Learning Slope and the Clinical
Measures ⴱ p ⬍ .05.

BDI
TCI
Novelty Seeking
Harm Avoidance
EDI-2
Drive for Thinness
Bulimia
Body Dissatisfaction
Perfectionism
SPSRQ
Sensitivity to Punishment
Sensitivity to Reward

CW

AN

⫺.14

.07

⫺.34
.32

⫺.47ⴱ
.08

⫺.16
.12
⫺.42
.37

.08
.11
⫺.07
.11

.04
⫺.06

.44ⴱ
.20

Figure 4. Accuracy results for the Hypothesis Tested (HT) versus Procedural Based (PB) method of learning (ⴱ p ⬍ .05).
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(p ⫽ .10), whereas there was no difference between PB and HT
users in the CW group (p ⫽ .36).
Finally, to determine if the AN participants whose final block
data were best fit by a PB or HT model differed clinically, we
contrasted these subgroups on the clinical variables and measures. The only difference that emerged was that the AN participants whose data was best fit by a PB model had larger
scores on the Perfectionism subscale of the EDI-2 as compared
to those participants whose data was best fit by an HT model
(13.3 vs. 7.6; p ⬍ .01).

Discussion
To our knowledge, this is the first study to examine implicit
category learning in patients with AN. The study has several key
findings. First, individuals with AN performed worse on the implicit learning task than normal weight, age-matched controls, thus
providing evidence for a deficit in implicit learning in ill AN.
Second, as indicated by our model-based analyses, AN participants
who used the task appropriate strategy still performed significantly
worse than CW participants, indicating that AN women who
learned the appropriate task approach were still impaired in learning, and poor strategy selection, per se, could not account for the
learning deficit. Third, certain temperament and personality characteristics were associated with impaired category learning, such
as novelty seeking and reinforcement biases (sensitivity to punishment).
Previous work has strongly indicated a role of dopamine in
reward-based learning (Schultz, 1998, 2002) and recent research
suggests that AN may be associated with alterations in the dopamine system (Fladung et al., 2010; Frieling et al., 2010; Kaye et
al., 1984). The finding that AN patients are impaired in implicit
category learning, which is believed to rely heavily on rewardbased learning, provides support for a possible deficiency in dopamine functioning in AN patients, and is also in line with other
studies that have suggested that certain forms of learning in AN are
associated with deficits in the reward-based learning system (Lawrence et al., 2003). This possibility is also consistent with previous
studies that other patient groups who have involvement of the
dopamine system (such as patients with Parkinson’s disease) are
also impaired in implicit category learning (Buytenhuijs et al.,
1994; Euteneuer et al., 2009; Filoteo, Maddox, Salmon, & Song,
2007; Price, 2005).
Although it is reasonable to speculate that dopamine abnormalities account for AN patients deficits on the implicit category
learning task, other possibilities must be considered. Previous
studies have consistently identified deficits in AN patients in two
other cognitive domains, cognitive set shifting and visual central
coherence (Lopez, Tchanturia, Stahl, & Treasure, 2008; Lopez,
Tchanturia, Stahl, Booth, Holliday, & Treasure 2007; Roberts, Tchanturia, & Treasure, 2010; Southgate, Tchanturia, & Treasure, 2008;
Tchanturia et al., 2004; Tchanturia et al., 2004; Tchanturia, Morris,
Surguladze, & Treasure, 2002; Tenconi et al., 2010; Zastrow et al.,
2009). Cognitive set shifting refers to those processes needed to
switch from one cognitive set to another during the course of a
task. Visual central coherence, on the other hand, refers to the
ability to integrate and process an entire visual scene, as opposed
to focusing on the component processes of the visual scene.
Deficits in either of these two cognitive processes might also
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account for AN patients’ deficits in implicit category learning.
Specifically, in the initial stages of performing an implicit category
learning task, participants are thought to first attempt verbalizable
rules in which the rule is often based on a single dimension, and
only later do participants shift to a more accurate implicit rule
(Ashby et al., 1998). In this study, if AN patients are impaired in
cognitive set shifting, they might tend to continue to attempt to
implement a verbal rule rather than switching and adopting a more
accurate implicit rule, which would lead to a learning deficit.
However, a similar proportion of study participants in each group
adopted the implicit approach, suggesting that the AN group did
not differentially stay with a rule based approach. The second
possible explanation of the present findings may be that AN
patients failed to see the gestalt of the stimuli because of a deficit
in visual central coherence, and as such, they were unable to
correctly learn to categorize the stimuli because they could not
integrate the two stimulus dimensions. This might be consistent
with previous findings that AN individuals had altered strategies
and abilities to copy complex figures. Such a deficit might result
in the AN patients focusing on only one dimension of the stimulus
despite the fact that optimal responding required learning to categorize the stimuli based on both dimensions. Although both are
plausible alternative explanations, it should be pointed out that
even AN patients who adopted an implicit rule (as demonstrated
by the model-based analyses) were impaired in learning the task
relative to the controls. Those AN patients who used such an
approach were able to shift cognitive set and integrate the stimulus
dimensions, but nevertheless demonstrated impaired learning.
Thus, although deficits in either cognitive set shifting or visual
central coherence might account for the AN patients’ deficits, it
appears that a deficit in reward-based learning (possibly secondary
to dopamine deficiencies) might best account for our findings.
Other findings from the current study supporting the notion that
a deficit in reward-based learning accounts for AN patients’ deficits was the association between poor performance in implicit
category learning and personality assessments. In particular, impaired implicit category learning was associated with greater
scores on the Novelty Seeking TCI subscale. Greater scores on
Novelty Seeking are thought to reflect an individual’s propensity
to be more exploratory, impulsive and disorderly. Another finding
was that poor category learning in AN patients was associated with
less sensitivity to punishment based on the SPSRQ. Taken together, these results indicate that those individuals with AN who
dislike rules and are less sensitive to punishment will be more
likely to be impaired in implicit category learning.
The notion that AN patients are impaired in reward-based processes is not entirely new and has been the focus of several recent
neurobiological and behavioral reviews (Harrison, O’Brien, Lopez, & Treasure, 2010; Kaye, Fudge, & Paulus, 2009; Keating,
2010; Scheurink, Boersma, Nergardh, & Sodersten, 2010). Claes
and colleagues examined sensitivity to punishment as measured by
the Behavioral Inhibition System subscale (Carver & White, 1994)
and found that restricting subtype AN were more sensitive to
punishment than purging subtype AN and healthy controls (Claes,
Nederkoorn, Vandereycken, Guerrieri, & Vertommen, 2006). A
recent study from our group using the SPSRQ found that restricting as well as binge eating/purging type AN had increased sensitivity to punishment and reward compared to age-matched healthy
controls (Jappe et al., 2011). The present study also found similar
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increased sensitivity to punishment and reward in AN as measured
by the SPSRQ, but interestingly category learning performance
was only associated with alterations in punishment sensitivity. AN
individuals have traditionally been associated with perfectionism
and high motivation to perform well (Bachner-Melman et al.,
2007; Castro-Fornieles et al., 2007; Kaye, 2008; Maia et al., 2009;
Nilsson, Sundbom, Dundbom, & Hagglof, 2008; Peck & Lightsey,
2008; Wade et al., 2008) and it could be possible that fear of
punishment or failure have the benefit of higher effort and better
performance. Still, biologic abnormalities in AN might prevent
that group from performing similar to controls in implicit learning
and other cognitive tasks. Interestingly, only the AN with highest
perfectionism scores used the correct, implicit strategy. This could
indicate that only those subjects who put forth the most effort
actually ended up using the procedural based learning approach,
while this did not seem to be a necessary factor for the controls.
Further study is needed to examine this finding given that it
indicates that there are some personality traits that might in fact
positively influence learning in AN.
While the nature of this relationship should be explored further,
it is important to point out that this present study is one of the first
to link alterations in feedback sensitivity to impaired implicit
learning processes in AN.
There are several limitations to the present study that should be
addressed. First the sample sizes and cultural homogeneity of our
participants limit the power of our statistical analyses and the
generalizability of our findings to the general AN population.
Second, we provide no direct link between the proposed alteration
in the dopamine system in AN patients and their observed impairment on the implicit category learning task. Future research will
have to address this hypothesized relationship. Third, at present the
clinical implications of our findings is unknown, but we hope that
our results provide the impetus for exploring such cognitive and
temperament associations and how they impact clinically relevant
aspects of the disease (e.g., prevention and treatment). Fourth, we
did not have a direct measure of attention and/or fatigue, factors
that could have impacted performance and account for the accuracy differences. However, the AN and CW groups did not differ
in mean or variability in RT, suggesting that attention or fatigue
may not have accounted for the AN learning deficit. Finally, the
present study did not characterize the observed category learning
deficit relative to other cognitive factors that might have influenced performance, such as general intelligence, so the specificity
of this deficit is not known. It will be important for future studies
to examine learning deficits in the context of other, potential
cognitive impairment in AN individuals.

References
Akaike, H. (1974). A new look at the statistical model identification. IEEE
Transactions on Automatic Control, 19, 716 –723. doi:10.1109/
TAC.1974.1100705
Anderluh, M. B., Tchanturia, K., Rabe-Hesketh, S., & Treasure, J. (2003).
Childhood obsessive-compulsive personality traits in adult women with
eating disorders: Defining a broader eating disorder phenotype. American Journal of Psychiatry, 160, 242–247. doi:10.1176/appi.ajp
.160.2.242
APA. (Ed.). (2000). Diagnostic & Statistical Manual of Mental Disorders:
DSM–IV–TR. Washington, DC: American Psychiatric Association.

Ashby, F. G. (Ed.). (1992). Multidimensional models of perception and
cognition. Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.
Ashby, F. G., Alfonso-Reese, L. A., Turken, A. U., & Waldron, E. M.
(1998). A neuropsychological theory of multiple systems in category
learning. Psychological Review, 105, 442– 481. doi:10.1037/0033295X.105.3.442
Ashby, F. G., & Gott, R. E. (1988). Decision rules in the perception and
categorization of multidimensional stimuli. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 14, 33–53. doi:10.1037/
0278-7393.14.1.33
Ashby, F. G., & Maddox, W. T. (1992). Complex decision rules in
categorization - contrasting novice and experienced performance. Journal of Experimental Psychology: Human Perception and Performance,
18, 50 –71. doi:10.1037/0096-1523.18.1.50
Bachner-Melman, R., Lerer, E., Zohar, A. H., Kremer, I., Elizur, Y.,
Nemanov, L., . . . Ebstein, R. P. (2007). Anorexia nervosa, perfectionism, and dopamine D4 receptor (DRD4). American Journal of Medical
Genetics Part B-Neuropsychiatric Genetics, 144B, 748 –756. doi:
10.1002/ajmg.b.30505
Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., & Erbaugh, J. (1961).
An inventory for measuring depression. Archives of General Psychiatry,
4, 561–571. doi:10.1001/archpsyc.1961.01710120031004
Bosanac, P., Kurlender, S., Stojanovska, L., Hallam, K., Norman, T.,
McGrath, C., . . . Olver, J. (2007). Neuropsychological study of underweight and “weight-recovered” anorexia nervosa compared with bulimia
nervosa and normal controls. International Journal of Eating Disorders,
40, 613– 621. doi:10.1002/eat.20412
Brainard, D. H. (1997). Psychophysics software for use with MATLAB.
Spatial Vision, 10, 433– 436.
Bulik, C. M., Tozzi, F., Anderson, C., Mazzeo, S. E., Aggen, S., &
Sullivan, P. F. (2003). The relation between eating disorders and components of perfectionism. American Journal of Psychiatry, 160, 366 –
368. doi:10.1176/appi.ajp.160.2.366
Buytenhuijs, E. L., Berger, H. J., Van Spaendonck, K. P., Horstink, M. W.,
Borm, G. F., & Cools, A. R. (1994). Memory and learning strategies in
patients with Parkinson’s disease. Neuropsychologia, 32, 335–342. doi:
10.1016/0028-3932(94)90135-X
Carver, C. S., & White, T. L. (1994). Behavioral inhibition, behavioral
activation, and affective responses to impending reward and punishment:
The BIS/BAS Scales. Journal of Personality and Social Psychology, 67,
319 –333. doi:10.1037/0022-3514.67.2.319
Castro-Fornieles, J., Gual, P., Lahortiga, F., Gila, A., Casula, V.,
Fuhrmann, C., . . . Toro, J. (2007). Self-oriented perfectionism in eating
disorders. International Journal of Eating Disorders, 40, 562–568. doi:
10.1002/eat.20393
Cavanagh, J. F., Frank, M. J., & Allen, J. J. (2011). Social stress reactivity
alters reward and punishment learning. Social Cognitive and Affective
Neuroscience, 6, 311–320. doi:10.1093/scan/nsq041
Chui, H. T., Christensen, B. K., Zipursky, R. B., Richards, B. A., Hanratty,
M. K., Kabani, N. J., . . . Katzman, D. K. (2008). Cognitive function and
brain structure in females with a history of adolescent-onset anorexia
nervosa. Pediatrics, 122, e426 –37. doi:10.1542/peds.2008-0170
Claes, L., Nederkoorn, C., Vandereycken, W., Guerrieri, R., & Vertommen, H. (2006). Impulsiveness and lack of inhibitory control in eating
disorders. Eating Behaviors, 7, 196 –203. doi:10.1016/j.eatbeh
.2006.05.001
Cloninger, C. R., Svrakic, D. M., & Przybeck, T. R. (1993). A psychobiological model of temperament and character. Archives of General
Psychiatry, 50, 975–990. doi:10.1001/archpsyc.1993.01820240059008
Euteneuer, F., Schaefer, F., Stuermer, R., Boucsein, W., Timmermann, L.,
Barbe, M. T., . . . Kalbe, E. (2009). Dissociation of decision-making
under ambiguity and decision-making under risk in patients with Parkinson’s disease: A neuropsychological and psychophysiological study.

IMPLICIT CATEGORY LEARNING IN ANOREXIA NERVOSA
Neuropsychologia, 47, 2882–2890. doi:10.1016/j.neuropsychologia
.2009.06.014
Fassino, S., Abbate-Daga, G., Amianto, F., Leombruni, P., Boggio, S., &
Rovera, G. G. (2002). Temperament and character profile of eating
disorders: A controlled study with the Temperament and Character
Inventory. International Journal of Eating Disorders, 32, 412– 425.
doi:10.1002/eat.10099
Filoteo, J. V., & Maddox, W. T. (1999). Quantitative modeling of visual
attention processes in patients with Parkinson’s disease: Effects of
stimulus integrality on selective attention and dimensional integration.
Neuropsychology, 13, 206 –222. doi:10.1037/0894-4105.13.2.206
Filoteo, J. V., Maddox, W. T., & Davis, J. D. (2001). A possible role of the
striatum in linear and nonlinear category learning: Evidence from patients with Huntington’s disease. Behavioral Neuroscience, 115, 786 –
798. doi:10.1037/0735-7044.115.4.786
Filoteo, J. V., Maddox, W. T., Salmon, D. P., & Song, D. D. (2005).
Information-integration category learning in patients with striatal dysfunction. Neuropsychology, 19, 212–222. doi:10.1037/08944105.19.2.212
Filoteo, J. V., Maddox, W. T., Salmon, D. P., & Song, D. D. (2007).
Implicit category learning performance predicts rate of cognitive decline
in nondemented patients with Parkinson’s disease. Neuropsychology, 21,
183–192. doi:10.1037/0894-4105.21.2.183
Fladung, A. K., Gron, G., Grammer, K., Herrnberger, B., Schilly, E.,
Grasteit, S., . . . von Wietersheim, J. (2010). A neural signature of
anorexia nervosa in the ventral striatal reward system. American Journal
of Psychiatry, 167, 206 –212. doi:10.1176/appi.ajp.2009.09010071
Frieling, H., Beyer, S., Kalb, R., Kornhuber, J., Demling, J., de Zwaan, M.,
& Bleich, S. (2010). Anorexia nervosa in a 56-year-old woman with a
diagnosis of hyperlipidemia: A case report. Australian and New Zealand
Journal of Psychiatry, 44, 492– 493. doi:10.3109/00048671003614155
Garner, D. M. (1991). Eating Disorder Inventory-2: Professional Manual.
Odessa, FL: Psychological Assessment Resources.
Gray, J. A. (1970). The psychophysiological basis of introversionextraversion. Behaviour Research and Therapy, 8, 249 –266. doi:
10.1016/0005-7967(70)90069-0
Grunwald, M., Ettrich, C., Krause, W., Assmann, B., Dahne, A., Weiss, T.,
& Gertz, H. J. (2001). Haptic perception in anorexia nervosa before and
after weight gain. Journal of Clinical and Experimental Neuropsychology, 23, 520 –529. doi:10.1076/jcen.23.4.520.1229
Harrison, A., O’Brien, N., Lopez, C., & Treasure, J. (2010). Sensitivity to
reward and punishment in eating disorders. Psychiatry Research, 177,
1–11. doi:10.1016/j.psychres.2009.06.010
Hermans, D., Pieters, G., & Eelen, P. (1998). Implicit and explicit memory
for shape, body weight, and food-related words in patients with anorexia
nervosa and nondieting controls. Journal of Abnormal Psychology, 107,
193–202. doi:10.1037/0021-843X.107.2.193
Holliday, J., Tchanturia, K., Landau, S., Collier, D., & Treasure, J. (2005).
Is impaired set-shifting an endophenotype of anorexia nervosa? American Journal of Psychiatry, 162, 2269 –2275. doi:10.1176/appi.ajp
.162.12.2269
Jappe, L. M., Frank, G. K. W., Shott, M. E., Rollin, M. D. H., Pryor, T.,
Hagman, J. O., . . . Davis, E. (2011). Heightened sensitivity to reward
and punishment in anorexia nervosa. International Journal of Eating
Disorders, 44, 317–324. doi:10.1002/eat.20815
Johansson, L., Ghaderi, A., & Andersson, G. (2005). Stroop interference
for food- and body-related words: A meta-analysis. Eating Behaviors, 6,
271–281. doi:10.1016/j.eatbeh.2004.11.001
Johansson, L., Ghaderi, A., Hallgren, M., & Andersson, G. (2008). Implicit
memory bias for eating- and body appearance-related sentences in eating
disorders: An application of Jacoby’s white noise task. Cognitive Behaviour Therapy, 37, 135–145. doi:10.1080/16506070701664821
Jones, B. P., Duncan, C. C., Brouwers, P., & Mirsky, A. F. (1991).

9

Cognition in eating disorders. Journal of Clinical and Experimental
Neuropsychology, 13, 711–728. doi:10.1080/01688639108401085
Kaye, W. (2008). Neurobiology of anorexia and bulimia nervosa. Physiology and Behavior, 94, 121–135. doi:10.1016/j.physbeh.2007.11.037
Kaye, W. H., Ebert, M. H., Gwirtsman, H. E., & Weiss, S. R. (1984).
Differences in brain serotonergic metabolism between nonbulimic and
bulimic patients with anorexia nervosa. American Journal of Psychiatry,
141, 1598 –1601.
Kaye, W. H., Fudge, J. L., & Paulus, M. (2009). New insights into
symptoms and neurocircuit function of anorexia nervosa. Nature Reviews Neuroscience, 10, 573–584. doi:10.1038/nrn2682
Keating, C. (2010). Theoretical perspective on anorexia nervosa: The
conflict of reward. Neuroscience and Behavioral Reviews, 34, 73–79.
Kingston, K., Szmukler, G., Andrewes, D., Tress, B., & Desmond, P.
(1996). Neuropsychological and structural brain changes in anorexia
nervosa before and after refeeding. Psychological Medicine, 26, 15–28.
doi:10.1017/S0033291700033687
Lauer, C. J., Gorzewski, B., Gerlinghoff, M., Backmund, H., & Zihl, J.
(1999). Neuropsychological assessments before and after treatment in
patients with anorexia nervosa and bulimia nervosa. Journal of Psychiatry Research, 33, 129 –138. doi:10.1016/S0022-3956(98)00020-X
Lawrence, A. D., Dowson, J., Foxall, G. L., Summerfield, R., Robbins,
T. W., & Sahakian, B. J. (2003). Impaired visual discrimination learning
in anorexia nervosa. Appetite, 40, 85– 89. doi:10.1016/S01956663(02)00138-1
Lena, S. M., Fiocco, A. J., & Leyenaar, J. K. (2004). The role of cognitive
deficits in the development of eating disorders. Neuropsychology Review, 14, 99 –113. doi:10.1023/B:NERV.0000028081.40907.de
Lopez, C., Stahl, D., & Tchanturia, K. (2010). Estimated intelligence
quotient in anorexia nervosa: A systematic review and meta-analysis of
the literature. Annals of General Psychiatry, 9, 40. doi:10.1186/1744859X-9-40
Lopez, C., Tchanturia, K., Stahl, D., & Treasure, J. (2008). Central coherence in eating disorders: A systematic review. Psychological Medicine,
38, 1393–1404. doi:10.1017/S0033291708003486
Lopez, C., Tchanturia, K., Stahl, D., Booth, R., Holliday, J., & Treasure, J.
(2007). An examination of the concept of central coherence in women
with anorexia nervosa. International Journal of Eating Disorders, 41,
143–152. doi:10.1002/eat.20478
Maddox, W. T. (1999). On the dangers of averaging across observers when
comparing decision bound models and generalized context models of
categorization. Perception and Psychophysics, 61, 354 –374. doi:
10.3758/BF03206893
Maddox, W. T. (2001). Separating perceptual processes from decisional
processes in identification and categorization. Perception and Psychophysics, 63, 1183–1200. doi:10.3758/BF03194533
Maddox, W. T., & Ashby, F. G. (1993). Comparing decision bound and
exemplar models of categorization. Perception and Psychophysics, 53,
49 –70. doi:10.3758/BF03211715
Maddox, W. T., & Ashby, F. G. (1996). Perceptual separability, decisional
separability, and the identification-speeded classification relationship.
Journal of Experimental Psychology: Human Perception and Performance, 22, 795– 817. doi:10.1037/0096-1523.22.4.795
Maddox, W. T., & Ashby, F. G. (2004). Dissociating explicit and
procedural-learning based systems of perceptual category learning. Behavioural Processes, 66, 309 –332. doi:10.1016/j.beproc.2004.03.011
Maddox, W. T., Ashby, F. G., & Bohil, C. J. (2003). Delayed feedback
effects on rule-based and information-integration category learning.
Journal of Experimental Psychology: Learning, Memory, and Cognition, 29, 650 – 662. doi:10.1037/0278-7393.29.4.650
Maddox, W. T., & Filoteo, J. V. (2001). Striatal contributions to
category learning: Quantitative modeling of simple linear and complex nonlinear rule learning in patients with Parkinson’s disease.

10

SHOTT ET AL.

Journal of the International Neuropsychological Society, 7, 710 –
727. doi:10.1017/S1355617701766076
Maddox, W. T., Filoteo, J. V., Delis, D. C., & Salmon, D. P. (1996). Visual
selective attention deficits in patients with Parkinson’s disease: A quantitative model-based approach. Neuropsychology, 10, 197–218. doi:
10.1037/0894-4105.10.2.197
Maddox, W. T., Filoteo, J. V., & Huntington, J. R. (1998). Effects of
stimulus integrality on visual attention in older and younger adults: A
quantitative model-based analysis. Psychology and Aging, 13, 472– 485.
doi:10.1037/0882-7974.13.3.472
Maddox, W. T., Filoteo, J. V., Lauritzen, J. S., Connally, E., & Hejl, K. D.
(2005). Discontinuous categories affect information-integration but not
rule-based category learning. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 31, 654 – 659. doi:10.1037/02787393.31.4.654
Maia, B. R., Soares, M. J., Gomes, A., Marques, M., Pereira, A. T., Cabral,
A., . . . Macedo, A. (2009). Perfectionism in obsessive-compulsive and
eating disorders. Revista Brasileira De Psiquiatria, 31, 322–327. doi:
10.1590/S1516-44462009005000004
Mathias, J. L., & Kent, P. S. (1998). Neuropsychological consequences of
extreme weight loss and dietary restriction in patients with anorexia
nervosa. Journal of Clinical and Experimental Neuropsychology, 20,
548 –564. doi:10.1076/jcen.20.4.548.1476
Miyachi, S., Hikosaka, O., Miyashita, K., Karadi, Z., & Rand, M. K.
(1997). Differential roles of monkey striatum in learning of sequential
hand movement. Experimental Brain Research, 115, 1–5. doi:10.1007/
PL00005669
Nakamura, K., & Hikosaka, O. (2006). Role of dopamine in the primate
caudate nucleus in reward modulation of saccades. Journal of Neuroscience, 26, 5360 –5369. doi:10.1523/JNEUROSCI.4853-05.2006
Nilsson, K., Sundbom, E., & Hagglof, B. (2008). A longitudinal study of
perfectionism in adolescent onset anorexia nervosa-restricting type. European Eating Disorders Review, 16, 386 –394. doi:10.1002/erv.850
Nomura, E. M., Maddox, W. T., Filoteo, J. V., Ing, A. D., Gitelman, D. R.,
Parrish, T. B., . . . Reber, P. J. (2007). Neural correlates of rule-based
and information-integration visual category learning. Cerebral Cortex,
17, 37– 43. doi:10.1093/cercor/bhj122
Ohrmann, P., Kersting, A., Suslow, T., Lalee-Mentzel, J., Donges, U. S.,
Fiebich, M., . . . Pfleiderer, B. (2004). Proton magnetic resonance spectroscopy in anorexia nervosa: Correlations with cognition. Neuroreport,
15, 549 –553. doi:10.1097/00001756-200403010-00033
Palazidou, E., Robinson, P., & Lishman, W. A. (1990). Neuroradiological
and neuropsychological assessment in anorexia nervosa. Psychological
Medicine, 20, 521–527. doi:10.1017/S0033291700017037
Peck, L. D., & Lightsey, O. R. (2008). The eating disorders continuum,
self-esteem, and perfectionism. Journal of Counseling and Development, 86, 184 –192.
Price, A. L. (2005). Cortico-striatal contributions to category learning:
Dissociating the verbal and implicit systems. Behavioral Neuroscience,
119, 1438 –1447. doi:10.1037/0735-7044.119.6.1438
Roberts, M. E., Tchanturia, K., Stahl, D., Southgate, L., & Treasure, J.
(2007). A systematic review and meta-analysis of set-shifting ability in
eating disorders. Psychological Medicine, 37, 1075–1084. doi:10.1017/
S0033291707009877
Roberts, M. E., Tchanturia, K., & Treasure, J. L. (2010). Exploring the
neurocognitive signature of poor set-shifting in anorexia and bulimia
nervosa. Journal of Psychiatric Research, 44, 964 –970. doi:10.1016/
j.jpsychires.2010.03.001
Scheurink, A. J., Boersma, G. J., Nergardh, R., & Sodersten, P. (2010).
Neurobiology of hyperactivity and reward: Agreeable restlessness in
anorexia nervosa. Physiology and Behavior, 100, 490 – 495. doi:
10.1016/j.physbeh.2010.03.016
Schultz, W. (1998). Predictive reward signal of dopamine neurons. Journal
of Neurophysiology, 80, 1–27.

Schultz, W. (2002). Getting formal with dopamine and reward. Neuron, 36,
241–263. doi:10.1016/S0896-6273(02)00967-4
Seed, J. A., Dixon, R. A., McCluskey, S. E., & Young, A. H. (2000). Basal
activity of the hypothalamic-pituitary-adrenal axis and cognitive function in anorexia nervosa. European Archives of Psychiatry and Clinical
Neuroscience, 250, 11–15. doi:10.1007/PL00007533
Seed, J. A., McCue, P. M., Wesnes, K. A., Dahabra, S., & Young, A. H.
(2002). Basal activity of the HPA axis and cognitive function in anorexia
nervosa. International Journal of Neuropsychopharmacology, 5, 17–25.
doi:10.1017/S146114570100270X
Shafran, R., Lee, M., Cooper, Z., Palmer, R. L., & Fairburn, C. G. (2007).
Attentional bias in eating disorders. International Journal of Eating
Disorders, 40, 369 –380. doi:10.1002/eat.20375
Shohamy, D., Myers, C. E., Onlaor, S., & Gluck, M. A. (2004). Role of the
basal ganglia in category learning: How do patients with Parkinson’s
disease learn? Behavioral Neuroscience, 118, 676 – 686. doi:10.1037/
0735-7044.118.4.676
Southgate, L., Tchanturia, K., & Treasure, J. (2008). Information processing bias in anorexia nervosa. Psychiatry Research, 160, 221–227. doi:
10.1016/j.psychres.2007.07.017
Steinglass, J. E., Walsh, B. T., & Stern, Y. (2006). Set shifting deficit in
anorexia nervosa. Journal of the International Neuropsychological Society, 12, 431– 435. doi:10.1017/S1355617706060528
Sullivan, P. F. (1995). Mortality in anorexia nervosa. American Journal of
Psychiatry, 152, 1073–1074.
Szmukler, G. I., Andrewes, D., Kingston, K., Chen, L., Stargatt, R., &
Stanley, R. (1992). Neuropsychological impairment in anorexia nervosa:
Before and after refeeding. Journal of Clinical and Experimental Neuropsychology, 14, 347–352. doi:10.1080/01688639208402834
Tchanturia, K., Anderluh, M. B., Morris, R. G., Rabe-Hesketh, S., Collier,
D. A., Sanchez, P., & Treasure, J. L. (2004). Cognitive flexibility in
anorexia nervosa and bulimia nervosa. Journal of the International
Neuropsychological Society, 10, 513–520. doi:10.1017/
S1355617704104086
Tchanturia, K., Morris, R. G., Anderluh, M. B., Collier, D. A., Nikolaou,
V., & Treasure, J. (2004). Set shifting in anorexia nervosa: An examination before and after weight gain, in full recovery and relationship to
childhood and adult OCPD traits. Journal of Psychiatry Research, 38,
545–552. doi:10.1016/j.jpsychires.2004.03.001
Tchanturia, K., Morris, R. G., Surguladze, S., & Treasure, J. (2002). An
examination of perceptual and cognitive set shifting tasks in acute
anorexia nervosa and following recovery. Eat and Weight Disorders, 7,
312–315.
Tchanturia, K., Whitney, J., & Treasure, J. (2006). Can cognitive exercises
help treat anorexia nervosa? Eat and Weight Disorders, 11, e112– 6.
Tenconi, E., Santonastaso, P., Degortes, D., Bosello, R., Titton, F.,
Mapelli, D., & Favaro, A. (2010). Set-shifting abilities, central coherence, and handedness in anorexia nervosa patients, their unaffected
siblings and healthy controls: Exploring putative endophenotypes. The
World Journal of Biological Psychiatry, 11, 813– 823.
Torrubia, R., Avila, C., Molto, J., & Caseras, X. (2001). The Sensitivity to
Punishment and Sensitivity to Reward Questionnaire (SPSRQ) as a
measure of Gray’s anxiety and impulsivity dimensions. Personality and
Individual Differences, 31, 837– 862. doi:10.1016/S0191-8869
(00)00183-5
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