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Abstract
Background Previous studies of emotion recognition abilities of people with eating disorders used accuracy to 
identify performance deficits for these individuals. The current study examined eating disorder symptom severity as a 
function of emotion categorization abilities, using a visual cognition paradigm that offers insights into how emotional 
faces may be categorized, as opposed to just how well these faces are categorized.

Methods Undergraduate students (N = 87, 50 women, 34 men, 3 non-binary) completed the Bubbles task and a 
standard emotion categorization task, as well as a set of questionnaires assessing their eating disorder symptomology 
and comorbid disorders. We examined the relationship between visual information use (assessed via Bubbles) and 
eating disorder symptomology (EDDS) while controlling for anxiety (STAI), depression (BDI-II), alexithymia (TAS), and 
emotion regulation difficulties (DERS-sf ).

Results Overall visual information use (i.e. how well participants used facial features important for accurate emotion 
categorization) was not significantly related to eating disorder symptoms, despite producing interpretable patterns 
for each emotion category. Emotion categorization accuracy was also not related to eating disorder symptoms.

Conclusions Results from this study must be interpreted with caution, given the non-clinical sample. Future research 
may benefit from comparing visual information use in patients with an eating disorder and healthy controls, as well as 
employing designs focused on specific emotion categories, such as anger.

Plain English summary
Men and women with severe eating disorder symptoms may find it harder to identify and describe emotions than 
people with less severe eating disorder symptoms. However, previous work makes it difficult to determine why 
emotion recognition deficits exist, and what underlying abilities or strategies are actually different due to a deficit. 
In addition to a typical emotion recognition task (emotion categorization), this study used the Bubbles task, which 
allowed us to determine which parts of an image are important for emotion recognition, and whether participants 
used these parts during the task. In 87 undergraduate students (47 female; 49 with clinically-significant eating 
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Background
Eating disorders (EDs) are serious psychiatric illnesses 
characterized by dysregulated eating behaviors and asso-
ciated cognitions (American Psychiatric Association, 
2013). These disorders are prevalent, with lifetime rates 
of up to 3% in men and 6% in women [20]. Recovery from 
EDs involves not only the re-initiation of healthy dietary 
behaviors, but also improvements on dimensions of psy-
chological and social well-being [4, 12].

Problematic social cognition, including deficits in one’s 
ability to accurately discern the emotional responses of 
others and the ability to regulate one’s own emotions, has 
been theorized to be an important transdiagnostic psy-
chosocial mechanism contributing to the maintenance 
of EDs [29]. For example, emotion recognition deficits 
may impede adaptive emotion regulation strategy use, 
which may contribute to the use of ED symptoms (e.g., 
binge eating) as a means of trying to regulate one’s emo-
tional state [27]. Further, emotion recognition deficits 
may exacerbate symptoms of comorbid disorders (e.g., 
depression), ultimately hampering treatment response 
for individuals with EDs [42]. Importantly, research 
on social cognition deficits among ED populations has 
yielded mixed results [29], highlighting the need for con-
tinued work to clarify the role of distinct aspects of social 
cognition (e.g., emotion recognition and emotion pro-
cessing) in relation to ED symptoms.

Emotional-specific deficits in eating disorders have 
been outlined in two prior reviews of ED antecedents and 
models [29, 31]. Emotional components of ED pathol-
ogy include emotion dysregulation [29, 31], self-esteem 
deficits [31], and incorrectly perceived body acceptance 
by others [31]. Based on converging evidence from sepa-
rate literature, emotion recognition abilities are a factor 
in the above components: emotion regulation [1, 19]; 
self-esteem [23, 45]. Emotion recognition of body accep-
tance falls under the general umbrella of accurate social 
perception, for which emotion recognition abilities are 
necessary [11, 43]. Overall, emotion recognition abilities 
are a potentially important component of ED pathology 
via indirect associations with previously found emotion-
related deficits. The aim of this study and previous work 
from the same literature is therefore to isolate and assess 
emotion recognition abilities of individuals via targeted 
behavioral tasks. Results of such work are then used to 
determine if these abilities may have an independent 

relation with ED pathology in addition to their indirect 
contribution.

Emotion recognition, as one element of social cogni-
tion, can be reliably assessed using brief cognitive-affec-
tive tasks administered in home, laboratory, clinic, or 
community settings. These tasks often display emotions 
to participants (primarily in the form of facial expres-
sions), and ask the participants to name the presented 
emotion. For example, a standard emotion recogni-
tion task is six-alternative-forced-choice categorization, 
where participants are shown facial images from one 
of six classical categories (e.g., happy, sad), and asked 
to respond with one of those labels [14]. Accuracy (i.e., 
whether participants correctly identified the emotion 
displayed) is then commonly investigated as the primary 
index of emotion recognition.

Early research using these types of visual tasks estab-
lished a connection between reduced emotion recog-
nition accuracy and anorexia nervosa (AN, a disorder 
characterized by severe dietary restriction; Kucharska-
Pietura et al., [26]. Since then, a number of studies have 
identified emotion recognition deficits across a range 
of EDs and samples [9, 10, 15, 21, 33, 34, 47]. However, 
results have been somewhat mixed with regard to the 
exact nature and specificity of these deficits. For exam-
ple, Pollatos et al. [33] found accuracy deficits for cate-
gorizing neutral, sad, and disgusted faces, while Pringle 
et al. [34] found deficits for neutral and angry faces. Yet 
another study [21] found deficits for angry, fearful, and 
disgusted faces. While it is challenging to reconcile these 
mixed findings, some common themes are evident. 
Impaired recognition of positive emotions (e.g., happi-
ness) is not typically observed in patients with EDs, while 
impaired recognition of disgust has been observed in 
multiple studies [10, 15, 47].

In addition, some studies have found no significant 
relationship between ED pathology and emotion recog-
nition ability [8, 32, 38], even when using highly com-
parable methodologies, albeit in small samples (Ns 
typically ≤ 30, but see Wyssen et al., [47].

Importantly, the existing literature base is limited in a 
number of ways. First, the emotion categorization tasks 
used in existing studies do not offer insight into possible 
mechanisms underlying emotion recognition deficits 
associated with ED pathology. That is, simple measures 
of emotion categorization accuracy may not reveal subtle 
differences in how emotion recognition is carried out. For 

disorder symptoms), there was no significant relationship between task performance and eating disorder symptom 
severity, before and after controlling for the relationship with other comorbid disorders. Our results imply that 
emotion recognition deficits are unlikely to be an important mechanism underlying eating disorder pathology in 
participants with a range of eating disorders symptoms.
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example, individuals with disordered eating may use dif-
ferent or atypical facial features for emotion recognition 
(e.g., overreliance on specific parts of the face), which 
could explain observed deficits in emotion recognition, 
or contribute to aberrations in social cognition that may 
not be detected by simple emotion recognition accuracy 
tasks and could potentially obscure important associa-
tions between social cognition and ED symptoms.

A reverse correlation method referred to as the Bubbles 
task [17] makes it possible to characterize which ele-
ments of a visual stimulus (e.g., face) are used in categori-
zation tasks. This technique involves randomly obscuring 
parts of an image while participants categorize the image 
using a predetermined set of labels, and can be used to 
identify which facial features lead to successful recogni-
tion of emotions. Besides comparing participants to one 
another, participants’ spatial information use can also be 
compared to a computational model, often referred to 
as the ideal observer [16], which optimally utilizes image 
information to support efficient and accurate categoriza-
tion (see Fig.  1). By clarifying the specific facial regions 
utilized for emotion recognition among individuals with 
ED symptoms, as well as the amount of available infor-
mation needed to support emotion categorization in this 
population, the Bubbles task allows for a more nuanced 
examination of emotion recognition deficits in this 
group, which could help to inform theories of social cog-
nition in EDs.

Second, previous studies have not consistently evalu-
ated the impact of multiple co-occurring psychiatric 
symptoms (e.g., depression, anxiety) on the relationship 

between ED pathology and emotion recognition ability. 
However, emotion recognition deficits appear to be asso-
ciated with a range of clinical characteristics (e.g., alexi-
thymia, emotion regulation deficits; Fujiwara et al., [15, 
28, 29, 31, 36]) and psychiatric conditions that frequently 
co-occur with EDs  [13,  25]). Given this, it is important 
to clarify whether aberrations in emotion recognition can 
be attributed to ED symptoms specifically, or if they may 
be better accounted for by other psychological factors.

Third, many of the existing studies in this domain suf-
fer from smaller sample sizes, and were only powered 
to detect moderate-large effects. Additionally, previous 
work has primarily focused on female participants, in 
part due to their prevalence in ED patient samples. How-
ever, EDs and ED symptoms are increasingly recognized 
among males, suggesting the need for additional research 
in this population.

Finally, while the literature primarily focused on clin-
ically-significant eating disorder symptoms, the same 
deficits have been tested with sub-clinical samples [35, 
44]. There is a need to establish at which eating disorder 
severity level emotion recognition deficits are manifested 
if they exist. However, clinical samples generally only 
contain very severe cases, and control cases without any 
symptoms. A wider range of severity is necessary to fur-
ther elucidate the relationship between eating disorders 
and emotion recognition. Shifting the focus from diagno-
sis to symptoms also allows us to potentially apply exist-
ing findings to the general population of individuals with 
sub-clinical ED symptoms.

Fig. 1 Visualizations of visual information by category. The visualization is derived from the bubbles task [17], where random parts of the image are 
obscured, and the importance of individual pixels is determined based on the participant’s task performance when the pixel is obscured or revealed. 
Brighter color reflects greater importance of the pixels for emotion categorization. Note that the ideal observer images have the same shape, in order to 
force the algorithm to focus on the features within the face rather than facial contours
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In order to address the gaps identified above, the cur-
rent study delivered a standard emotion recognition 
accuracy task and the Bubbles task to a large sample of 
male and female college students who reported varying 
levels of ED pathology. The study aimed to evaluate (1) 
the association between ED symptoms and emotion rec-
ognition accuracy, (2) the association between ED symp-
toms and performance on the Bubbles task, and (3) the 
contribution of other comorbid psychological symptoms.

Methods
Participants
Participants (N = 110; 54 male, 53 female, 3 non-binary) 
were recruited from the undergraduate psychology 
research pool at North Dakota State University (NDSU), 
located in the midwestern United States. Data for eight 
participants could not be analyzed due to incomplete 
visual tasks or survey questionnaires. A further ten par-
ticipants were excluded due to technical difficulties dur-
ing the task. Finally, five more individuals were excluded 
due to responding too quickly (responses faster than 
250ms for more than 5% of task trials). No other inclu-
sion or exclusion criteria were applied. The final sample 
for this study consisted of 87 individuals (37 male, 47 
female, 3 non-binary). An attrition analysis was con-
ducted to confirm that excluded participants did not 
differ on questionnaire variables. This analysis did not 
reveal a significant difference between the groups on 
symptoms of ED (p = .755), depression (p = .441), anxiety 
(p = .264), alexithymia (p = .976), and emotion regulation 
(p = .187). Participants were primarily Caucasian (84%), 
with 5% of East Asian descent, 3% of African descent, 2% 
of Hispanic descent, and 2% of Native American descent. 
They reported a mean age of 19.04 years (SD = 1.99).

Materials
Questionnaires
All questionnaires have been scored so that higher values 
imply more severe symptoms.

Eating disorder diagnostic scale The Eating Disorder 
Diagnostic Scale [40, 41] is a brief 22-item self-report 
questionnaire measuring symptoms of three key eating 
disorders (AN, bulimia nervosa, and binge-eating disor-
der) based on diagnostic criteria from the 5th edition of 
the Diagnostic and Statistical Manual). The scale provides 
a continuous symptom composite score, which represents 
an individual’s overall level of ED pathology and was uti-
lized in all analyses. A score of greater than 16.5 points 
implies clinically significant symptoms [24]; 49 partici-
pants (56%) scored above this threshold. In the current 
sample, the Cronbach’s alpha value for the EDDS symp-
tom composite score was 0.83, 95% CI: [0.77, 0.87].

Beck depression inventory The Beck Depression Inven-
tory, Second Edition (BDI-II; Beck et al., [5]) is a 21-item 
self-report instrument intended to assess the severity of 
depression symptoms. The scale was chosen due to its 
prevalence in the field, and the consistently high reliability 
and validity scores across studies. A total score of 14–19 
implies mild, 20–28 moderate, and 29–63 severe depres-
sion; 13 participants (15%) scored as mild, 16 participants 
(18%) scored as moderate, and 8 participants (9%) scored 
as severe. In the current sample, the Cronbach’s alpha 
value of BDI-II was 0.93, 95% CI: [0.91, 0.95].

State-trait anxiety inventory The State-Trait Anxiety 
Inventory (STAI; Spielberger et al., [39]) is a 40-item self-
report scale assessing current and typical levels of anxiety. 
The scale was chosen due to its prevalence in the field, as 
well as the option of evaluating both trait and state anxi-
ety. In the current study, only the trait component of the 
scale was used in order to maintain consistency with the 
other disorder scales. A score of greater than 40 points 
implies clinically significant symptoms; 11 participants 
(13%) scored above this threshold. In the current sample, 
the Cronbach’s alpha value of STAI was 0.93, 95% CI: 
[0.91, 0.95].

Toronto alexithymia scale The Toronto Alexithymia 
Scale-20 [2] is a 20-item scale assessing the severity of 
alexithymia (i.e., difficulty identifying and describing 
one’s own emotions). The TAS was chosen due to being 
the most validated and prevalent measure of alexithymia 
in the literature, as well as offering measures of separate 
alexithymia constructs (difficulty identifying feelings, dif-
ficulty describing feelings, and externally oriented think-
ing). The current study used the summed score across 
the three components in all analyses. A score between 51 
and 60 implies possible alexithymia, with scores of above 
60 implying definite alexithymia; 27 participants (31%) 
scored as “possible”, and 20 participants (23%) scored as 
“definite”. It should be noted that Bagby has since pre-
ferred to use the TAS as a continuous dimensional con-
struct [3], which was done in this study. In the current 
sample, the Cronbach’s alpha value of TAS was 0.77, 95% 
CI: [0.70, 0.84].

Difficulties in emotion regulation - short form The 
Difficulties in Emotion Regulation - Short Form (DERS-
sf; Kaufman et al., [22]) is a shortened version of the Dif-
ficulties in Emotion Regulation Scale [18], which involves 
half the items of the original (from 36 to 18), while retain-
ing over 80% of the variance relative to the full measure. 
The DERS-sf was chosen to reduce participant burden 
without substantially sacrificing reliability. The DERS-
sf consists of six subscales, which were combined into a 
general index of emotion regulation difficulties in the cur-
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rent study. As this is considered a continuous dimensional 
measure, no threshold cut-offs were provided. In the cur-
rent sample, the Cronbach’s alpha value of DERS-sf was 
0.91, 95% CI: [0.88, 0.93].

Demographic information Demographic information 
including age, gender, ethnicity, and education was col-
lected. To assess gender, participants responded to the 
question “What gender do you identify as?”. Response 
options included male, female, non-binary, and other. 
Participants also reported whether they had ever received 
a previous diagnosis of an ED, anxiety disorder, or major 
depressive disorder.

Visual recognition tasks
Bubbles task Participants sat 80 cm away from the com-
puter screen. On each trial, the participant saw an emo-
tional face image, partially obscured by the bubbles mask 
(see Figure S1 for a depiction of these images). Partici-
pants were required to make a choice between six emo-
tion categories (anger, disgust, fear, happiness, sadness, 
surprise) within 2500ms. We employed the QUEST stair-
casing procedure [46] in order to maintain task difficulty 
at 75%. This was achieved by increasing the number of 
bubbles after each correct response, and decreasing the 
number after each incorrect response in a manner which 
provided enough information to achieve 75% accuracy. 
A participant saw 150 trials for each image of an emo-
tion category, for a total of 900 trials, with breaks evenly 
spaced in-between. A single image for each category was 
used, with the specific images chosen based on emotion 
ratings from previous work within the lab. Visual informa-
tion use was computed as the average Spearman ranked 
correlation between a Bubbles visualization image of a 
participant and the ideal observer image for that category. 
For details of generating bubbles visualization images for 
participants and the ideal observer, see Supplementary 
Materials.

Facial emotion recognition task Participants sat 
80 cm away from the computer screen. Participants were 
required to make a choice between six emotion categories 
(anger, disgust, fear, happiness, sadness, surprise), with-
out a time limit. On each trial, the participant saw a single 
face depicting an emotion from one of the six categories. 
There were three identities per category, for a total of 18 
unique images. A participant saw 10 repetitions of each 
identity, with 30 repetitions per emotion category, for a 
total of 180 trials. This task was always completed after 
the Bubbles tasks in order to avoid familiarizing partici-
pants with the stimuli that were used in the Bubbles task. 
Facial emotion categorization accuracy was computed as 

the average categorization accuracy on this task for each 
participant.

All questionnaires and behavioral tasks, stimulus sets, 
and other supplementary information is included on the 
OSF page for this study: https://doi.org/10.17605/OSF.
IO/FH9VD.

Procedure
The authors assert that all procedures contributing to this 
work comply with ethical standards on human experi-
mentation and the Declaration of Helsinki. All research 
procedures were approved by the NDSU Institutional 
Review Board, with the study being granted exempt sta-
tus. Participants were recruited online via NDSU’s Psy-
chology study registration system. The study description 
outlined that participants would answer questionnaires 
about disorder symptoms and perform multiple facial 
expression recognition tasks. All participants were com-
pensated with course credit. All participants provided 
informed consent at the beginning of the study. All study 
tasks and questionnaires took place in a computer testing 
room, with dividers between individual computers. After 
consent, participants performed the Bubbles task, fol-
lowed by the facial emotion recognition task. Self-report 
questionnaires and demographics were administered at 
the end of the study with their order randomized, but 
with the demographic questions always occurring last.

Data analytic approach
Multiple linear regression was used in order to examine 
the relationship between visual task performance and ED 
symptom severity. This analysis was conducted in struc-
tured steps with both models being nested with the same 
N. In Model 1, only variables representing overall task 
performance averaged across emotion conditions were 
entered into the model. In Model 2, variables represent-
ing symptoms of comorbid mental disorders were added. 
An additional regression analysis was conducted with 
the six category-specific variables replacing the average 
task performance. We did not add comorbid disorder 
symptoms to category-specific models as power for these 
analyses generally fell below 60%. All predictors, includ-
ing questionnaires, were mean-centered. EDDS (the out-
come variable) was not centered. RStudio (RStudio Team 
[37]), was used for all analyses.

Power analysis calculations assuming a linear regres-
sion analysis framework indicated that a total sample size 
of 55 participants would provide a power of 0.90 to detect 
a medium effect (i.e., f2 = 0.15, assuming an alpha of 0.05 
and power of 0.80), when examining the contribution of 
a single predictor (task performance) while controlling 
for the four covariates (i.e., the comorbid disorder ques-
tionnaires). Cohen (1992)’s original effect size guidelines 
indicate that f2 of 0.15 is medium and an f2 of 0.02 is small 

https://doi.org/10.17605/OSF.IO/FH9VD
https://doi.org/10.17605/OSF.IO/FH9VD
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effect. A post-hoc sensitivity analysis revealed that the 
smallest detectable statistically significant effect size is 
f2 = 0.09 with 80% power, and f2 = 0.12 with 90% power. 
Thus, the study was powered to detect small-to-medium 
effects.

Due to the lack of a significant difference in study vari-
ables by gender (visual information use, categorization 
accuracy, and EDDS; all ps > 0.05), and to preserve statis-
tical power for the main analytic variables of task perfor-
mance, the main analyses are reported for the full sample. 
See Tables S1-2 for bivariate correlations of all study vari-
ables separately for men and women. See Table S3 for all 
regression study results with gender as a covariate.

We performed two robustness checks. The first evalu-
ated regression assumptions and multivariate outliers. 
We computed values for leverage, Cook’s distance, and 
studentized residuals in order to test for multivariate 
outliers. Participants were excluded if they exceeded the 
cut-off on at least two of these metrics, and the models 
were re-ran in a follow-up analysis. Additionally, linear-
ity was examined with loess plots. Homoscedasticity 
was assessed with a fitted value vs. standardized residual 
plot, as well as the non-constant variance score test and 
the Breusch-Pagan test. Normality in the residuals was 
assessed with a residual qq-plot and the Shapiro-Wilk 
test. Beyond the potential multivariate outliers described 
above, no further problems with the regression assump-
tions were identified during this process.

The second robustness check examined whether our 
results were sensitive to the assessment of ED symptoms. 
Instead of using the EDDS composite symptom score,

we followed diagnosis coding, where a 0 means no 
ED pathology (44%) and a 1 means some ED pathology 
(56%). We used the score cut-off outlined in Krabbenborg 
et al., [24] where a score of at least 16.5 points implies 
clinically-significant ED symptoms. We then performed 
a logistic regression to compare these categorical groups. 
This analysis did not reveal a significant effect of EDDS 
diagnosis (see Table S4).

Results
Task performance
Visual inspection of the average classification images 
obtained for each emotion category is consistent with 
prior work (Fig.  1). First, there are clear patterns in the 
data indicating that observers use distinct facial regions 
to recognize different emotions, consistent with prior eye 
tracking and reverse correlation studies [6, 7]. Besides 
simply differing from one another, these highlighted 
areas of importance approximately correspond to the 
facial action units derived from common expressions of 
emotion (Ekman & Friesen [14]; Mehu & Scherer [30]).

Bivariate correlations
See Table  1 for descriptives and zero-order correlations 
in the full sample; see Tables S1 and S2 for descriptives 
and correlations separately for men and women. Par-
ticipant psychopathology symptoms adequately cov-
ered the ranges of the questionnaires used in the current 
study. There was no significant association between 
visual information use and emotion categorization accu-
racy, suggesting that visual information use and emo-
tion recognition accuracy represent different perceptual 

Table 1 Zero-order correlations between study variables and descriptive statistics in the full sample
1 2 3 4 5 6 7

Visual information use 
(1)

-

FER accuracy
(2)

0.18 -

EDDS
(3)

0.12 − 0.06 -

BDI-II 
(4)

− 0.02 − 0.19 0.59 ** -

STAI
(5)

− 0.05 − 0.16 0.23 ** 0.48 ** -

TAS
(6)

− 0.03 − 0.14 0.44 ** 0.61 ** 0.33 ** -

DERS
(7)

0.02 − 0.11 0.43 ** 0.72 ** 0.33 ** 0.73 ** -

Mean 0.11 0.81 22.17 14.52 28.84 52.29 44.71
SD 0.03 0.10 16.99 10.37 10.18 9.85 13.44
Range 0.04 – 0.16 0.46 – 0.98 1–70 0–43 10–54 32–80 21–75
Visual information use = the average spearman ranked correlation between a bubbles visualization image of a participant and the ideal observer image for that 
category, FER = facial emotion recognition, EDDS = Eating Disorder Diagnostic Scale, BDI-II = Beck Depression Inventory 2, STAI = State-Trait Anxiety Inventory, 
TAS = Toronto Alexithymia Scale, DERS = Difficulties with Emotion Regulation Scale (short-form)

** p < .01, * p < .05, all other tests p > .05
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abilities, and may provide unique insights into emotion 
recognition. ED symptoms were not associated with 
visual information use or emotion recognition accuracy. 
Associations between visual information use or emotion 
recognition accuracy and comorbid psychopathology 
scales were not statistically significant.

Visual information use and ED symptoms
The results of the hierarchical nested regressions are 
depicted in Table  2. Model 1 demonstrates that visual 
information use alone is not significantly related to ED 
symptom severity. The addition of comorbid disorder 
symptoms in Model 2 resulted in a statistically significant 
model, but visual information use remained a non-signif-
icant predictor of ED symptoms. Results were robust to 
regression assumption diagnostic checks. The results of 
these models suggest that there is no statistically signifi-
cant association between visual information use and ED 
symptom severity in the current sample.

Results for category-specific visual information use 
can be found in Table S5. The model consisting of visual 
information use for individual categories predicting ED 
symptom severity did not reach statistical significance. 
However, the outlier robustness check in this case did 
result in a significant model, after the exclusion of two 
participants. The updated model demonstrated that 
visual information use for the anger category significantly 
contributed to ED symptom severity (see Table S6). In 
a subsequent exploratory analysis, we added the con-
tribution of other disorder symptoms to the anger-only 
model. The partial contribution of anger remained sig-
nificant, with the model once again showing a substantial 
contribution of the BDI-II (see Table S6). A comparison 
of model fit between the symptom + anger model and a 
nested symptom-only model suggested that the symp-
tom + anger model provided significantly better fit to pre-
dicting ED symptom severity. This implies that strategy 

use when perceiving anger may differ across ED symp-
tom severity, even after accounting for the contribution 
of other comorbid conditions.

Facial emotion recognition
Details of regression models based on categorization 
accuracy can be found in the Supplementary Materials 
(see Tables S7 & S8). Overall and category-specific facial 
emotion recognition accuracy was not related to ED 
symptoms. Sensitivity analyses were conducted on these 
results with little to no effect on model fit.

Discussion
The overarching goal of the current study was to exam-
ine the relationship between visual emotion recognition 
and ED symptom severity in a large sample of male and 
female college students, and to evaluate the impact of 
commonly co-occurring symptoms on this relationship. 
With regard to the Bubbles task, overall visual informa-
tion use was not a significant predictor of ED symptoms. 
However, it’s possible that visual information use for the 
anger category is a significant predictor of ED symptoms, 
even after accounting for the contribution of comorbid 
disorders.

In the facial emotion categorization task, neither over-
all nor category-specific accuracy was associated with ED 
symptom severity. Performance on the Bubbles task and 
the categorization task were not correlated, suggesting 
that these tasks assessed unique perceptual and represen-
tational abilities of individuals. Nonetheless, overall per-
formance on both metrics were not significant predictors 
of ED symptomology. Given the adequate power to find 
small-medium emotion recognition effects in the current 
study, the most conservative interpretation is that overall 
visual emotion recognition abilities are not significantly 
related to ED symptom severity in this sample of college-
aged students.

Table 2 Regression model parameters for visual information use predicting EDDS symptoms
Model 1 Model 2

Model fit statistics
Overall model fit F(1, 85) = 2.09, p = .28 F(5, 81) = 10.42, p < .0001
Adjusted R2 0.002 0.35
Deviance 24,492 15,098
Model fit comparison F(5, 85) = 9.95, p < .0001)
Parameter estimates (b [95%, CI], p) (b [95%, CI], p)
Intercept b = 22.17 [18.55, 25.79], p < .0001 b = 22.17 [19.26, 25.09], p < .0001
Visual information use b = 0.75 [-0.63, 2.14], p = .28 b = 0.88 [-0.24, 2.00], p = .12
BDI-II b = 1.00 [0.56, 1.44], p < .0001
STAI b = − 0.14 [-0.47, 0.19], p = .41
TAS b = 0.36 [-0.08, 0.81], p = .11
DERS b = − 0.18 [-0.55, 0.20], p = .35
Visual information use = the average spearman ranked correlation between a bubbles visualization image of a participant and the ideal observer image for that 
category, FER = facial emotion recognition, EDDS = Eating Disorder Diagnostic Scale, BDI-II = Beck Depression Inventory 2, STAI = State-Trait Anxiety Inventory, 
TAS = Toronto Alexithymia Scale, DERS = Difficulties with Emotion Regulation Scale (short-form)
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Implications
What might be a reason for our null findings, despite pre-
vious literature uncovering significant differences? In two 
previous studies with sub-clinical samples which focused 
on eating disorder severity, only very modest differ-
ences in some categories [35] or no differences [44] were 
found. The bulk of the remaining literature has focused 
on patients with eating disorders, primarily women with 
AN compared to healthy age-matched controls. While 
many of these studies did find differences in facial emo-
tion recognition between patients and controls, a sub-
stantial number of studies [8, 32, 38], including large 
scale recent work [47], also found null results. Given 
this, it is possible that emotion recognition deficits may 
most reliably characterize individuals who exhibit more 
severe eating pathology (including those with AN), who 
are more commonly represented within clinical samples. 
However, based on the present study, it does not appear 
that emotion recognition deficits are reliably associated 
with more moderate levels of ED pathology, which were 
represented in our study. Alternatively, the current labo-
ratory-based approach may not capture the specific defi-
cits experienced by those with EDs. For example, Wyssen 
et al. [47] suggest that patients with EDs may particularly 
struggle with interpreting what emotions mean within 
a social context, rather than with the simple recognition 
of the emotion itself. Thus, more naturalistic approaches 
or adapted laboratory-based tasks may be needed to test 
this hypothesis.

The current study builds on previous literature to pro-
vide a more extensive test of facial emotion recognition 
than detectable from purely accuracy-based designs. The 
Bubbles task provides unique insights into a person’s 
emotion recognition abilities. Category-specific visual 
information use could be used as a metric of what infor-
mation people consider important on a face when mak-
ing an emotion recognition decision. The current study 
suggests that emotion categorization, and visual informa-
tion use during this process, are unlikely to differ across 
lower levels of ED symptom severity.

Limitations
One important limitation when considering these results 
within the framework of perceptual difficulties of indi-
viduals with ED is that the sample for the current study 
consists of a convenience sample of college students. 
Consequently, the presence of severe eating pathology in 
the sample was relatively low (N = 49 with at least some 
ED, according to the EDDS cut-off) as compared to an ED 
patient sample, but the full range of symptoms (including 
patients with mild, moderate, and severe) is more ideal 
in terms of statistical power for detecting linear associa-
tions. While our results suggest a non-significant, lin-
ear association between visual information use and ED 

symptoms, it is possible that there is a stronger relation-
ship for people with severe ED pathology. Because we 
used a non-clinical sample with only a none-to-moderate 
range of ED symptoms, this limited our ability to draw 
conclusions about emotion recognition processes and 
people with severe ED symptoms. Therefore, the results 
of this study should only be considered to apply to the 
general population of neurotypical healthy young adults, 
and may not directly apply to patient populations which 
are commonly seen in ED literature.

Additionally, it is possible that university student par-
ticipants have a slightly more liberal interpretation of the 
EDDS questions as compared to ED patients, which may 
have led to an overestimation of ED symptoms by our 
participants. However, it is also possible that the associa-
tion is truly linear, but not statistically significant. Future 
research within this area may benefit from including 
participants with a range of ED symptoms, investigating 
possible non-linear associations between emotion recog-
nition and ED pathology, and using cognitive interview-
ing techniques to confirm that participants with a range 
of symptoms interpret questionnaire items in a similar 
fashion.

Our sample only contained a single person was 
detected to have subthreshold AN according to the crite-
ria outlined in Stice et al., [40] This means that we would 
not be able to detect associations present in studies with 
primarily AN ED samples. Additionally, our sample did 
not contain enough ethnic diversity to examine differ-
ences between these groups, with only the Caucasian 
group containing enough participants for adequately 
powered analyses. Future work can benefit from includ-
ing more diverse samples in order to more extensively 
examine emotion recognition deficits in eating disorder 
pathology.

Despite these limitations, two major take-home mes-
sages are implied by our results. First, research on per-
ceptual abilities of individuals with ED pathology should 
distinguish between associations in severe ED patients 
versus samples with a wide range of ED symptoms. Sec-
ond, emotion recognition difficulties are unlikely to be 
uncovered at the aggregate level of category averages. 
Instead, future work should be adequately powered and 
designed to test category-specific predictions of emotion 
recognition deficits in patients with ED and other dis-
orders. Limiting the total number of emotion categories 
tested in a design requires fewer trials and shorter test-
ing times, allowing for larger sample sizes. Naturally, this 
type of work would need to build on existing accounts 
about the utility of specific emotions, instead of focusing 
on an overall visual deficit.

Overall, our study offers a new look at the relation-
ship between ED symptomology and perceptual strate-
gies underlying emotion recognition capabilities. It is 
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important to conduct well-powered research linking 
cognitive neuroscience phenomena such as visual strat-
egy use with eating disorders psychopathology. Work of 
this type has the potential to uncover transdiagnostic 
mechanisms responsible for ED onset or maintenance, 
with more specific information about these than offered 
by previous approaches.

Conclusions
Neither visual information use during categorization 
nor the categorization accuracy significantly related to 
ED symptom severity. A focus on other social-emotional 
processing deficits and work with clinically severe ED 
samples may be more fruitful for future studies.
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