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Abstract
Purpose  The Wisconsin Card Sorting Test (WCST) is the most common measure of cognitive flexibility in anorexia nervosa 
(AN), but task-switching paradigms are beginning to be utilized. The current study directly compared performance on a cued 
task-switching measure and the WCST to evaluate their association in participants with a lifetime diagnosis of AN, and to 
assess which measure is more strongly associated with clinical symptoms.
Methods  Forty-five women with a lifetime diagnosis of AN completed the WCST, cued color-shape task-switching paradigm, 
Anti-saccade Keyboard Task, Running Memory Span, Eating Disorder Examination Questionnaire, Depression Anxiety 
Stress Scales short form and Eating Disorder Flexibility Index.
Results  There was no evidence of a significant association between WCST perseverative errors and cued task-switching 
switch costs. Results suggest lower working memory capacity is a determinant of higher perseverative error rate. When con-
trolling for mood variables, neither cognitive flexibility measure was a significant independent predictor of symptom severity.
Conclusions  Results provide support for previous suggestions that WCST perseverative errors could occur due to difficul-
ties with working memory, sensitivity to feedback, and issues with concept formation. Cued task-switching paradigms may 
provide a useful measure of cognitive flexibility for future eating disorders research by reducing task-specific confounds.
Level of evidence  Level III Case–control analytic study.

Keywords  Anorexia nervosa · Eating disorders · Cognition · Cognitive flexibility · Task-switching

Introduction

Cognitive flexibility is a component of executive function, 
the set of higher order cognitive processes that control goal-
related thought and action [8]. Tests of cognitive flexibility 
assess the ability to flexibly switch between mental task sets 
according to changes in current goals. Individuals with ano-
rexia nervosa (AN) perform more poorly than control groups 
on a number of cognitive flexibility tasks [43]. Lower cogni-
tive flexibility scores versus matched controls have also been 
found for participants with a past diagnosis of AN [22], across 
subtypes of AN [34], and in unaffected sisters and unaffected 
mothers of individuals with AN [15, 18]. Cognitive inflex-
ibility is, therefore, theorized to be a risk factor associated 
with the development and maintenance of the disorder (e.g., 
Cognitive–Interpersonal Maintenance Model of AN) [31, 39].

The Wisconsin Card Sorting Test (WCST) [12], a widely 
used neuropsychological test of executive function, is the 
most commonly administered measure of cognitive flexibil-
ity in AN [22]. In the WCST, participants are required to sort 
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a response card by color, shape, or number according to a 
rule that is learned through trial, error, and feedback. After 
several cards, the correct sorting dimension changes without 
warning, requiring a flexible shift to a new rule (see Fig. 1). 
Cognitive flexibility deficits are indexed by perseverative 
errors, i.e., errors in sorting after the participant has been 

given enough information to derive the correct rule. Meta-
analytic results suggest that participants with AN make more 
perseverative errors in the WCST than matched controls 
with medium effect (Hedge’s g = − 0.42) [35]. Although 
the WCST has clinical utility as a test of executive function, 
it has limited utility in isolating specific cognitive flexibil-
ity impairments versus issues with associated components 
of cognitive control, such as updating working memory or 
inhibition of a response [25], or from difficulties with rever-
sal learning [42].

Task-switching paradigms were specifically developed to 
parse the multiple cognitive control processes involved in 
switching between task sets, and are the most widely used 
measure of cognitive flexibility in the general population 
experimental literature (see [21, 28] for reviews). In a typical 
cued task-switching paradigm, the participant is presented 
with a bivalent stimulus (e.g., a red circle) to which they 
must perform one of two tasks—either respond to indicate 
the color or respond to indicate the shape. Sequences of 
trials include runs, where the task stays the same from one 
trial to the next (repeat trials, e.g., color, color) and where 
the task changes from the previous trial (switch trials; e.g., 
color, shape, see Fig. 1). Responding is typically slower on 
switch trials than repeat trials, and this switch cost is used as 
a measure of the flexibility of the cognitive control system in 
updating goal-related responses based on changing demands.

Although most cognitive flexibility data in AN is from 
the WCST, task-switching paradigms are beginning to be 
utilized. Berner et al.  [2] observed higher switch costs, 
indicating less flexibility, in participants with current AN 
compared to controls. Other studies found no differences 
in switch costs, but reported differences in response speed, 
error rates, and patterns of brain activity associated with 
switching between tasks [17, 40, 41]. However, because the 
WCST and task-switching have different outcome variables, 
it is unclear how to reconcile task-switching data with the 
existing literature.

Consistent with the assumption that both tasks measure 
cognitive flexibility, switch costs have been found to predict 
WCST perseverative errors in the general population—both 
in young adults [25, 26], and older adults [11]—over and 
above the variance accounted for by measures of working 
memory and inhibitory control. Although the relationship 
between switch costs and WCST perseverative errors has 
not been explicitly evaluated in AN, Van Autreve et al. [40] 
reported non-significant associations between the measures 
in participants with AN. Whether task-switching and the 
WCST can be used interchangeably as measures of cogni-
tive flexibility for future research in AN, therefore, requires 
further systematic investigation.

Fig. 1   Schematic diagram of a typical trial sequence in both the 
colour-shape task-switching paradigm and the Wisconsin Card Sort-
ing Test. a Colour-Shape Task-Switching Paradigm example trial 
sequence including a task-switch: fixation cross; task cue; bivalent 
stimulus; participant responds using the B and N key on a standard 
keypad to indicate their response. b Wisconsin Card Sorting Test 
example trial sequence: participant sorts response card Blue Trian-
gle Two by colour using mouse click; receives feedback that this is 
the wrong rule; participant sorts response card Yellow Star Two by 
shape; receives feedback that this is correct. Stimuli are not to scale
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Aim and hypotheses

The current study aimed to (1) directly compare performance 
on a cued task-switching measure and the WCST to evaluate 
their association in participants with a lifetime diagnosis of 
AN, and (2) assess which measure is more strongly associ-
ated with clinical symptoms. Consistent with findings in the 
general population [11, 25, 26], we hypothesized that switch 
costs would be a significant independent predictor of per-
severative error scores. Because all behavioral tasks meas-
ure associated cognitive and task-related processes to some 
extent (i.e., the task impurity problem), we also assessed 
the relative contribution of inhibitory control and working 
memory capacity to scores, consistent with standard prac-
tice in general population research, and asked participants to 
report on their experience with the task. Following previous 
recommendations for cognitive flexibility research in AN 
[1], we concurrently assessed depression, anxiety, and stress. 
To further assess the relative utility of these tests for the AN 
population, we explored associations with self-reported flex-
ibility in everyday life.

Methods

Participants and procedure

Forty-five women with a lifetime diagnosis of AN were 
recruited from the community between April 2021 and May 
2022 through advertisements on eating disorder organiza-
tion websites. Recruitment was open to all genders but only 
women responded. To be eligible for the study, participants 
were required to be 18 years or older and have received a 
formal diagnosis of AN from a medical professional. Partici-
pants with a partial AN syndrome diagnosis (OSFED-AN, 
Atypical AN) were included. Diagnostic information was 
collected via self-report. Participants provided informed 
consent before completing the study, which was adminis-
tered online with telephone proctoring throughout a 1-h 
testing session to ensure participants were set up correctly, 
followed the task order, and had the same opportunity to ask 
questions as is standard in laboratory-based testing. Task 
order was fixed to minimize any measurement error due 
to Participant × Order interactions [26]. This research was 
conducted in line with the principles of the Declaration of 
Helsinki and with approval from The University of Sydney 
Human Research Ethics Committee (2021/020).

Power analysis

An a priori power analysis conducted using G-Power [10] 
based on the effect size for a comparison of WCST scores 

and switch costs [11] indicated our study required a sample 
size of 43 participants given an alpha of 0.05 at 80% power.

Measures

Wisconsin Card Sorting Test [13] measured cognitive flex-
ibility and was administered via Inquisit 6 [computer soft-
ware] (2021) [24]. Participants sort a response card to match 
one of four stimulus cards that vary on three dimensions 
(color, shape, number). The sorting dimension changed after 
10 correct responses, and the task ended when participants 
correctly sorted by the three dimensions twice, or when all 
128 target cards had been presented. The dependent variable 
was percentage of perseverative errors, scored according to 
Heaton et al. [13]. Following the task, participants were 
asked to report whether they had ever done the task before, 
whether they found it easy or difficult, and why.

Cued color-shape task-switching paradigm [20] meas-
ured cognitive flexibility and was administered via Psy-
Toolkit [36, 37]. Participants were presented with a bivalent 
stimulus (e.g., a yellow circle) to which they applied one of 
two cued tasks (respond to the color; respond to the shape). 
Participants responded with two keys on a standard key-
pad, where each key indicated a color (yellow or blue) and a 
shape (circle or square). Participants completed 10 practice 
trials followed by 200 test trials. Error trials, post-error tri-
als, and trials with RTs above 2000 ms were excluded from 
the analysis. The dependent variable was switch cost (mean 
RT for repeat trials—mean RT for switch trials).

Anti-saccade keyboard task [32] measured inhibitory 
control and was administered via Inquisit 6 [computer soft-
ware] (2021) [24]. Participants were instructed to not look 
towards an abrupt-onset cue and instead look to the opposite 
side of the screen, where a target stimulus (a left-, right- or 
up-pointing arrow) was presented for 175 ms. Participants 
indicated the direction of the arrow using a standard keypad 
for 18 practice trials followed by 90 test trials. Higher error 
rate indicates poorer inhibitory control.

Running memory span task [3] measured working mem-
ory capacity and was administered via Inquisit 6 [computer 
software] (2021) [24]. Participants were presented with a 
series of letters that varied in run length (3–8) and were cued 
to recall between 3 and 6 of the last letters in the sequence 
in the order that they were presented. Higher span scores 
indicate greater working memory capacity.

The Eating Disorder Examination Questionnaire (EDE-
Q) [9] assessed eating disorder attitudes and behaviors over 
the past 28 days. Higher scores indicate more severe eat-
ing disorder pathology. Height and weight were reported, 
and BMI (kg/m2) was calculated from this data. Cronbach’s 
alpha of 0.93 has been reported in an Australian female com-
munity sample [27], and in this study was 0.95.
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The Eating Disorder Flexibility Index (EDFLIX) 
[5] assessed general and eating disorder-specific cogni-
tive–behavioral flexibility in everyday life. Total scores 
range from 36 to 216, with higher scores indicating greater 
flexibility. Cronbach’s alpha for a mixed ED sample reported 
in the validation study was 0.91 [5], and in this study was 
0.95.

The Depression Anxiety Stress Scales short form 
(DASS-21) [19] assessed mood symptoms over the past 
week. Higher scores indicate greater psychopathology. Cron-
bach’s alpha of the depression, anxiety, and stress scales 
in a general population sample have been reported as 0.88, 
0.82, and 0.90, respectively [14], and in this study were 0.94, 
0.81, 0.87.

Data analysis

Data analysis was conducted using IBM SPSS Statistics 28.0 
software. The analytic plan was preregistered at Open Sci-
ence Framework (https://​osf.​io/​nbvrd). Performance data 
were inspected for normality and outliers (> 3 SD) and found 
to be within acceptable parameters. Linear multiple regres-
sion was conducted to test whether WCST scores were pre-
dicted by switch costs on the task-switching measure while 
controlling for associated executive functions; inhibitory 
control (anti-saccade errors) and working memory capacity 
(span scores). Linear multiple regression was conducted to 
test whether EDE-Q scores were predicted by cognitive flex-
ibility scores while controlling for depression, anxiety, and 
stress. Planned exploratory Spearman’s rank-order correla-
tions examined associations between performance on both 
cognitive flexibility tasks and self-reported cognitive–behav-
ioral flexibility in everyday life (EDFLIX scores).

Results

Demographic and clinical characteristics

Participant demographics and clinical characteristics and 
mean scores for all variables are displayed in Table 1. WCST 
percentage perseverative errors in the sample were similar 
to those observed by van Autreve et al. [40] in comparable 
sample (age, N) of participants with AN. Scores for depres-
sion, anxiety, and stress were moderate, and scores for flex-
ibility in everyday life were within the clinical range.

Regression analyses

Multiple linear regression tested whether switch costs pre-
dicted WCST scores while controlling for anti-saccade errors 
and memory span scores. The model indicated the three 
predictors explained 15% of the variance (F(3,43) = 2.42, 

p = 0.08), and switch costs were not a significant predictor of 
WCST perseverative error rate (β = − 0.03, p = 0.85). How-
ever, lower working memory span scores were a significant 
independent predictor of higher WCST perseverative error 
rates (β = − 0.32, p = 0.04).

Separate multiple linear regression models tested 
whether switch costs or WCST scores predicted EDE-Q 
global scores while controlling for depression, anxiety, and 
stress scores. The model including switch costs and mood 

Table 1   Sample demographic characteristics and means (M) and 
standard deviations (SD) of all variables

AN anorexia nervosa, AN-R anorexia nervosa restricting type, AN-B/P 
anorexia nervosa binge–purge type, BMI Body Mass Index, EDE-Q 
Eating Disorder Examination Questionnaire, EDFLIX Eating Disor-
der Flexibility Index, DASS Depression Anxiety Stress Scale short 
form, OSFED Other Specified Eating and Feeding Disorder, WCST 
% PE = Wisconsin Card Sort Test percentage perseverative errors. 
Anti-saccade data for one participant was missing due to a technical 
issue. Providing BMI data was optional

Characteristic N M (SD) or %

Age (years) 45 29.6 (9)
Ethnicity
 Caucasian 35 78%
 Asian 2 4%
 Other 8 18%

Highest level of education
 University Postgraduate 10 22%
 University Undergraduate 18 40%
 Tertiary certificate 8 18%
 Higher School Certificate (Grade 12) 9 20%

Diagnosis
 Current AN 22 49%
 Past AN 23 51%

AN Diagnostic subtype
 AN-R 29 65%
 AN-B/P 10 22%
 OSFED/ Atypical AN 5 11%
 Undisclosed 1 2%

Duration of illness (years) 44 9.8 (8.8)
Have received inpatient treatment 28 62%
Current BMI 41 21.7 (6)
WCST %PE 45 11.6 (4.9)
Switch cost 45 60.6 (57)
Memory span 45 20 (7.3)
Anti-saccade % errors 44 1.9 (2.1)
EDE-Q Global 45 2.3 (1.2)
DASS Depression 45 16 (12.3)
DASS Anxiety 45 11.4 (8.6)
DASS Stress 45 20.8 (9.7)
EDFLIX 45 117 (32)

https://osf.io/nbvrd
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variables was a significant predictor of EDE-Q global 
scores, explaining 29% of the variance (F(4,44) = 4.08, 
p < 0.01), but no variable was a significant independent 
predictor of higher EDE-Q global scores. The model 
including WCST perseverative error rates and mood vari-
ables was also a significant predictor of EDE-Q global 
scores, explaining 26% of the variance (F(4,44) = 3.48, 
p = 0.02), but higher stress scores were the only sig-
nificant independent predictor of higher EDE-Q global 
scores (β = 0.42, p = 0.03). Full results of all multiple 
linear regression models are included in Supplementary 
Materials.

Post‑hoc analyses

To explore possible differences between participants with 
current (n = 22) versus past (n = 23) diagnoses of AN, we 
conducted a supplementary exploratory analysis directly 
comparing the two subgroups.

The two groups did not differ significantly in mean 
WCST scores: current (M = 11.96, SD = 4.58); Past 
(M = 11.24 SD = 5.27); t = 0.49, p = 0.31. Task switch-
ing costs were significantly higher for participants with 
a current diagnosis: current (M = 79.2, SD = 62.1), Past 
(M = 42.9, SD = 47.8); t = 2.20, p = 0.03. Including diag-
nostic status (current versus past) as a control predictor in 
the model regressing WCST perseverative errors on task 
switch costs and mood variables yielded the same pattern 
of significant results as the main analysis.

We also tested a regression model that excluded par-
ticipants with partial threshold diagnoses (OSFED/AAN; 
n = 5). The pattern of significant results was identical to 
the main analysis.

Wisconsin Card Sort Test open‑ended question results

Four participants reported they had done the task before, 
and 16 participants reported they found the task difficult. 
As expected, most of these participants reported difficul-
ties establishing the sorting rule. More specifically, five 
participants reported difficulties identifying the possible 
dimensions; three appeared to have difficulty noticing 
the number dimension (“I found matching the number of 
shapes on the card the hardest to figure out”), one with the 
color dimension (“Took me a long time to work out that 
color could be a rule”), and one appeared to have general 
difficulty with the rules (“I didn't really understand what 
made it a match”). Four participants reported sensitivity 
to feedback (“when you don't like getting things wrong 
this is a challenge”; “it got quite frustrating when I made 
errors”; “tend to panic when getting things wrong”). One 
participant mentioned difficulties establishing the rule due 

to memory load (“hard to remember/focus what I was sort-
ing based on”).

Planned exploratory correlations

Neither of the cognitive flexibility measures or associated 
executive function measures were significantly associated 
with EDFLIX scores. Lower EDFLIX scores were strongly 
associated with higher EDE-Q global scores (r = − 0.78, 
p < 0.001), and moderately associated with higher stress 
scores (r = − 0.56, p < 0.01). Spearman’s correlations among 
all variables are included in Supplementary Materials.

Discussion

The current study found no evidence that switch costs on a 
cued task-switching measure were associated with perse-
verative errors on the WCST in individuals with a lifetime 
diagnosis of AN, despite both being measures of cognitive 
flexibility. Contrary to our prediction, our results are not 
consistent with similar research in the general population 
[11, 25, 26], but are consistent with the results of van 
Autreve et al. [40] in participants with AN. The current 
data suggest these measures are not interchangeable meas-
ures of cognitive flexibility in participants with a lifetime 
diagnosis of AN. Results in this population appear to be 
specific to the task, rather than being generalizable to the 
construct of interest (i.e., paradigm specificity).

Because the WCST is a complex executive function test, 
we also assessed the relative contribution of inhibitory 
control and working memory capacity on performance. 
Working memory span scores were a significant inde-
pendent predictor of WCST performance, suggesting that 
issues with updating working memory are a determinant 
of poorer performance on this task in participants with 
AN. Difficulties monitoring or updating working memory, 
which are needed to follow the sorting rule, could impact 
scores, and the current results are consistent with previ-
ous research which has failed to find typical differences 
between participants with AN and controls on the shorter 
64-item WCST which reduces working memory load [38].

Participants’ self-reported experience of the WCST also 
appears to provide support for previous suggestions that 
perseverative errors could occur due to difficulties with 
other task-related processes, such as concept formation, 
sensitivity to feedback, and reversal learning [42]. Partici-
pants in the current study reported issues with establishing 
the sorting rule in the WCST which specifically related 
to identifying the potential sorting categories, and the 
negative effect of feedback. These results are consistent 
with research that found no differences in perseverative 
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errors between participants with eating disorders and con-
trols when explicit instructions and examples of the rule 
changes were provided [29], although these instructions 
are not standard for the administration of the WCST.

The results of the exploratory analysis suggest more 
systematic investigation of the associations between stress, 
clinical symptoms, and flexibility in AN is warranted. 
Lower self-reported flexibility was strongly associated 
with higher EDE-Q scores, and moderately associated 
with stress, consistent with past research in AN [6, 7]. 
Higher stress was also a significant independent predictor 
of higher EDE-Q scores. Meta-analytic results of general-
population studies indicate that stress significantly impairs 
cognitive flexibility, and more severe stress is associated 
with more severe impairment [33].

Overall, the current results demonstrate that when con-
trolling for mood variables, neither cognitive flexibility 
measure was a significant predictor of higher EDE-Q global 
scores. There was also no evidence of an association between 
either cognitive flexibility measure and self-reported cogni-
tive–behavioral flexibility in everyday life, although this is 
consistent with the majority of comparisons between perfor-
mance and self-reported flexibility in AN, and the general 
population [16, 23]. Together, these results do not provide 
adequate support for the assumption that poorer performance 
on cognitive flexibility tests is associated with the inflexible 
thoughts and behaviors observed in AN. Support for this 
assumption requires data which demonstrates clear associa-
tions between task performance and symptom severity [30].

For future cognitive flexibility research in eating disor-
ders, this study has three key conclusions. First, common 
performance measures of cognitive flexibility may not be 
interchangeable in individuals with a lifetime diagnosis of 
AN, and future research should have a strong theoretical 
justification for the choice of measure. Second, cognitive 
flexibility is closely associated with other aspects of execu-
tive function, and these processes should be measured and 
controlled in the analysis, consistent with standard practice 
in the general population literature. Finally, this research 
highlights the importance of controlling for mood variables 
which are strongly associated with outcomes in individuals 
with eating disorders, and reiterates specific calls to control 
for mood in studies of cognitive flexibility in AN popula-
tions [1].

To reduce the influence of task-specific factors on the 
measurement of cognitive flexibility, large general popula-
tion studies have adopted a latent-variable approach—testing 
across multiple methods and extracting a ‘general’ cogni-
tive flexibility factor [25, 26]. Where sample size may not 
support this approach, such as in AN populations, reduc-
ing task-specific confounds and increasing the internal and 
test–retest reliability of measures can improve measurement. 
The current study suggests that task-switching may be a 

useful measure for future cognitive flexibility research in 
eating disorders to achieve these aims. Although all behav-
ioral tasks are susceptible to the task impurity problem, the 
task-switching paradigm limits the issue in ways that may be 
of particular relevance to this population. Scores are not con-
founded by difficulty with reversal learning or low working 
memory capacity; rules are explained, the task is practiced, 
and is then cued or predictable based on location. There is 
no feedback, and thus no issue with feedback sensitivity, 
and any impact due to self-detected errors is reduced by the 
standard analysis procedure of removing error and post-error 
trial data before calculating switch costs. Task-switching 
paradigms also increase the reliability of measurement by 
collecting multiple observations across a large number of 
trials [4].

Strength and limits

Strengths of the current study include preregistration of the 
analytic plan, concurrent measurement of multiple compo-
nents of executive function and controlling for mood vari-
ables in the regression of clinical symptoms. Conclusions 
about the direction of effect cannot be made as this study 
was cross-sectional. Our sample included participants with 
a self-reported lifetime diagnosis of AN, including par-
ticipants who reported a partial AN syndrome diagnosis, 
consistent with reports of poorer performance on cognitive 
flexibility tasks in participants with both current and past 
diagnoses [22] and across subtypes [34]. Inclusion of par-
ticipants at differing stages of recovery resulted in a lower 
mean EDE-Q score than comparable in-patient studies of 
cognitive flexibility; however, the impact of these sample 
specifics is minimized in the current study due to the within-
subjects design.

What is already known on this subject?

Individuals with anorexia nervosa (AN) tend to perform 
more poorly on performance tests of cognitive flexibility 
than control groups, and prominent models include cognitive 
inflexibility as a key factor associated with the etiology and 
maintenance of the disorder. The most common measure of 
cognitive flexibility in AN is the WCST, but task-switching 
paradigms are beginning to be used in this population.

What this study adds?

In a sample of individuals with a lifetime diagnosis of AN, 
there was no evidence of an association between cogni-
tive flexibility measured as perseverative errors on the 
WCST and as switch costs in a cued task-switching para-
digm. Results suggest greater perseverative errors may be 
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partially determined by lower working memory capacity, 
and performance may be negatively impacted by sensitivity 
to feedback. After controlling for mood variables, neither 
cognitive flexibility measure was a significant predictor of 
symptom severity.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40519-​023-​01589-6.
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