www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Individuals vary in their overt
attention preference for positive
Images consistently across time
and stimulus types

Nitzan Guy»28, AsaelY. Sklar>®*, Revital Amiaz*?, Yael Golan®, Abigail Livny“57 &
Yoni Pertzov?

What humans look at strongly determines what they see. We show that individual differences in the
tendency to look at positive stimuli are stable across time and across contents, establishing gaze
positivity preference as a perceptual trait that determines the amount of positively valence stimuli
individuals select for visual processing. Furthermore, we show that patients with major depressive
disorder exhibit consistently low positivity preference before treatment. In a subset of patients,

we also assessed the positivity preference after two months of treatment in which positivity gaze
preference increased to levels similar to healthy individuals. We discuss the possible practical
diagnostic applications of these findings, as well as how this general gaze-related trait may influence
other behavioral and psychological aspects.
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Gaze position is a major gatekeeper for information used by the visual system. Most visual information is cap-
tured from a small area around the center of gaze'. Thus, where the eyes fixate determines which visual infor-
mation will be processed in detail, and therefore determines visual experience. Individuals who consistently
look at different types of stimuli are expected to experience consistently different environments. Here, we test
whether preferentially looking at positive stimuli is a consistent individual trait by examining if it is stable across
time and stimuli. Next, we examined the construct validity of positivity preference by testing gaze preference in
patients with major depressive disorder (MDD?) before and (in a subset of patients) after treatment with selective
serotonin reuptake inhibitors (SSRIs).

Over the last decades, a growing number of eye-tracking studies examined the factors involved in guidance
of gaze. While earlier eye-tracking studies mostly focused on the influence of stimuli and task factors on gaze
behavior®#-?-, recent studies considered the observer factor—how individuals differ in scanning the same stimuli
under the same task demands. These studies focused mostly on low level features of gaze behavior (e.g., saccade
amplitudes®’) and deployment of gaze towards specific semantic features (e.g., fixations on faces or text®®). Here
we propose that people differ in their gaze preferences based on a more abstract feature of the stimulus—its
affective valence.

Affective valence, whether a stimulus is positive or negative, liked or disliked, is arguably the most basic
judgment people make regarding any stimulus'. As such, it is unsurprising that affective valence influences gaze
behavior. Healthy participants show an overall preference for looking at certain types of positive stimuli such as
smiling compared to sad faces'"'?, positively valenced compared to neutral images from the IAPS database!>!*
and attractive faces'™'®. This preference typically increases with age, so that older adults show stronger preference
for looking at smiling faces and away from angry faces'”~'°. Moreover, healthy participants who score higher on
the Life Orientation Test Optimism Scale?® look more at neutral skin content and less at melanomas?'.
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Several studies, including meta-analyses**?, that examined gaze preferences of patients with major depressive
disorder found that, in comparison to healthy participants, patients look more towards sad faces** and negatively
valenced IAPS images®*° and less towards smiling faces and positively valenced images*>?.

These findings are often used to argue that while healthy participants have a general preference for looking
at positive stimuli, MDD patients have either no preference or a preference for negative stimuli*>. However,
so far, empirical studies of both healthy participants and MDD patients typically considered only one type of
positive and negative stimuli in each experiment (see reviews?>?*). Moreover, when studies included multiple
types of positive or negative stimuli such as different emotional facial expressions, or IAPS images engender-
ing sadness or threat'®?’, the consistency of positivity preference across stimuli categories was not considered
analytically. Thus, previous studies did not examine whether preference for looking at more positive stimuli is
content dependent (e.g., a specific preference for happy compared to neutral faces) or a general tendency across
different visual stimulus types?.

To examine if preference for positively valenced stimuli is a general phenomenon, the current study takes
an individual differences approach*?*’. We ask whether, across various types of stimuli, individuals consistently
differ in the degree to which stimuli’s affective valence influences their gaze preference. If true, this constitutes
direct evidence that gaze preference for positive stimuli is, as was previously implied but not directly tested, a
general individual tendency®. This approach also allows us to examine whether gaze preference for positive
stimuli is stable over time, as well as across types of stimuli, qualifying it as a trait. Finally, we complement our
individual differences approach with the group differences approach employed in previous studies**?® examining
the construct validity of positivity preference by comparing MDD patients’ and healthy participants’ positivity
preference and its modulation by treatment.

We conducted two longitudinal test-retest experiments. In each experiment, gaze preference for more positive
stimuli was measured across 7 stimulus categories (happy, angry, fearful or sad emotional faces versus neutral
faces, rotten versus appealing food, attractive versus less attractive faces and positive versus neutral images).
The first experiment examined in healthy individuals the stability of positive gaze preference between categories
and with measurements weeks apart. The second experiment examined the stability of positivity gaze preference
across a period of months, whether individuals with MDD exhibit reduced positivity preference, and whether
two months of SSRI treatment is accompanied by a change in gaze preference.

To presage, our results indicate that both healthy individuals and individuals with MDD exhibit consistent
differences in preferential looking at positive stimuli. These differences are consistent across types of stimuli;
individuals showing larger preference for positive stimuli in one category show larger preference for positive
stimuli in other categories. Likewise, individual differences are consistent across time, with individuals’ level
of positivity preference correlating strongly across two experimental sessions taken weeks and months apart.
Finally, we show that individuals with MDD exhibit less positivity preference before treatment but their positivity
preference significantly increases following treatment. These studies are therefore the first to establish that gaze
positivity preference is a trait that is stable over time and reflects the affective state of individuals with MDD.

Experiment 1

Participants

Thirty Hebrew University students (23 female, mean age=22.43, SD =2.76) participated in the experiment in
exchange for 40 NIS (approximately $10) or course credit. The number of participants was the target number
stated in the preregistered analysis plan (https://aspredicted.org/HGR_5BN). All participants had normal or
corrected to normal vision and provided informed consent prior to participating in the experiment. Given this
sample size, a sensitivity analysis indicated 80% statistical power for detecting correlations with p-values of 0.47
or more.

Stimuli and apparatus
Two hundred and thirty-four images were used as stimuli in the experiment, divided into 117 pairs each belong-
ing to one of seven categories. One image in each pair had a more positive emotional valence than the other. In
four categories an emotional facial expression, either angry, fearful, sad or happy, was matched with a neutral
facial expression (the angry, fearful, sad and happy images categories respectively) all drawn from the Karolinska
Directed Emotional Faces database® (KDEF). There were 10 pairs from each emotional category. The emotional
expressions in each pair were displayed by the same actor, with five male and five female actors in each category
for a total of 40 unique actors. The fifth category (Attractive faces) included 20 pairs of female faces from the
Oslo Face Database?’. Each pair included a face that was rated as one of the 30 most attractive (mean attractive-
ness rating 5.49, SD =0.55) and a face that was rated as one of the 30 least attractive faces (mean attractiveness
rating 3.03, SD =0.59) among the 103 female faces included in this database. The sixth category (IAPS images)
included 27 pairs of images drawn from the International Affective Picture System® (IAPS). Each pair included
one of the 30 most positively valanced images in the IAPS database (mean valence 8.01, SD=0.18; e.g., images
of puppies, dolphins or a baby. For a full list of IAPS image numbers see Supplementary Table S6) matched with
a neutral image (mean valence 5.01, SD =0.44; e.g., images of mushrooms, a fork or a secretary). The seventh
category (Food images) included 30 pairs of images of food items. The thirty images of food items with the highest
palatability rating (mean palatability rating 79.73, SD = 3.00) among the food images in the Food-Pics-Extended
database®® were paired with images of rotten food obtained through Google images.

Participants filled out five self-report questionnaires: the Life Orientation Test-Revised** (LOT-R), the anhe-
donia subscale from the Computerized Adaptive Test Personality Disorder Static Form* (CAT-PD-SF) , the Atti-
tudes Toward Emotions Scale®, the anxiety subscale of the NEO PI-R¥, and the Social Phobia Inventory*® (SPIN).
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Stimuli were presented on a 14-inch screen, while gaze position was tracked using SMI 250RED (SansoMo-
toric Instruments Inc, Teltow, Germany), installed on a DELL laptop.

Procedure

Each participant provided informed consent prior to beginning the experiment in accordance with the Hebrew
University ethics regulations. During the experiment, participants were positioned approximately 60 cm from
the monitor. Each participant first performed a calibration and validation sessions of five points (implemented
by the experimental software provided by SMI; SansoMotoric Instruments Inc) at the beginning of each session.
All the data analyzed here was obtained from recordings with an average absolute global validation error of less
than 1 degree of visual angle. Recording sample rate was 250Hz. Analysis was based on fixations parceled from
the data by the software provided by SMI (BeGaze, SansoMotoric Instruments Inc). Fixations were detected using
peak velocity threshold of 40°/s and minimum duration of 50 ms (default SMI implementation).

Immediately after the calibration and validation procedure, participants viewed the 234 trials of the Image
Viewing task, where each of the 117 pairs of stimuli appeared twice, once with the more positive image on the
right and once on the left. Trials were presented in random order. Each trial started with a fixation cross dis-
played at the center of the screen until the participant fixated on it for 300 ms, followed by the images displayed
for three seconds, after which there was a 500 ms blank screen until the next trial initiated. Each image spanned
approximately 10 by 10—Degrees of Visual Angle (DVA), and images were 6.5 DVA apart, equidistant to the
left and right of the screen center. Participants were instructed to first fixate on the fixation cross and then freely
view the images.

Participants completed two sessions of the Image Viewing task, conducted one to four weeks apart (M=12.8
days, SD =6.10, range 6-28 days). After completing the second session of the Image Viewing task, participants
filled out the five self-report questionnaires. Participants were then debriefed and received the reimbursement
(payment or course credit). The experiment was approved by the Hebrew University ethics committee.

Data preparation
According to the preregistered analysis plan, three participants whose eyes could not be tracked during more
than 15% of the task duration on at least one of the experimental sessions were excluded from analysis. Likewise,
trials in which less than three fixations were recorded (2.43% of trials) were excluded from analysis.

For each trial, preference for the positive image was calculated as the percent of time in which the participant
looked at the area of the more positive image minus the percent of time looking at the other image. Preference
values across all trials within each condition were then averaged for each participant.

Results

As a group, participants looked significantly more at the more positive images in five of the seven categories

(mean difference =8.9-23.36%, all p <0.009; Fig. 1), with no significant difference in the remaining categories

(fearful vs. neutral faces and angry vs. neutral faces; Fig. 1). The statistics are detailed in Supplementary Table S1.
Participants’ preference for more positive images was significantly and positively correlated across catego-

ries in 20 out of 21 pairwise correlations (r between 0.374 and 0.901; in all 21 cases p <0.055; see Fig. 2 and
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Figure 1. Positivity preference in each category—Mean difference between the percent of fixation time on the
positive images and the non-positive images across participants in each category. Each dot reflects a participant’s
positive preference value in a specific category. Error bars reflect standard errors across participants. Positivity-
Preference, the rightmost category, is the average difference across all categories. ***p <0.001, *p <0.01.
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Figure 2. Participants’ preference is correlated across categories—Correlations between participants’ preference
values across stimulus categories. Squares’ color reflects the correlation coeflicients —darker blue reflects higher
coeflicients. White squares reflect non-significant correlation.

Supplementary Table S2). Further, a principal components analysis indicated that preference for positive images
in each category loaded strongly (component loadings between 0.61 and 0.91, see Fig. 3) on a single factor that
accounted for 69.91% of the overall variance (see Fig. 3). Factor analysis using a model with one factor revealed
a comparative fit index of 0.87. To avoid overfitting to the sample, the general positivity preference scores were
computed based on the unweighted average preference for the more positive images across all categories. Notably,
our original hypothesis (see preregistration) suggested that the emotional expression categories and motivational
categories (IAPS, food and attractiveness) will load onto two factors, however, the correlations and PCA clearly
support the existence of only one significant factor.

Positivity preference scores, the average preference for the more positive images across all categories, in the
two sessions were significantly correlated across participants (r=0.645, p <0.001; see Fig. 4). Likewise, prefer-
ence for single categories was significantly correlated across the two sessions in all categories (0.427 <r<0.788,
p<0.027) except fearful faces (r=0.320, p=0.104). The statistics are detailed in Supplementary Table S3.

Individuals’ positivity preference was not significantly related to any of the self-reported scales we examined
(all p>0.16; see supplementary Table S4). Likewise, none of the 56 pairwise correlations between self-reported
scales and positivity preference in any image category reached statistical significance (r between -0.361 and
0.259, all p>0.064).

Experiment 2

Participants

The cohort consisted of thirty patients (10 men, 20 women, Mage = 34.8, SD =10.9) with current MDD diagnosis
as established by a senior psychiatrist (RA) based on the DSM-V criteria and 23 healthy participants (12 men, 11
women, Mage =32.5 SD =10.2). There was no significant difference in age between the groups (¢(51) =-0.513,
p=0.61,95% CI [-7.29, 4.32], d’=0.14) that completed the first session of the experiment. Fourteen MDD
patients and 14 healthy participants completed an additional second session. Data collection for this experi-
ment coincided with the advent of the COVID-19 pandemic, leading to an unusually high dropout rate as many
participants could not complete the second session within a reasonable timeframe. For session 1, given this
sample size, a sensitivity analysis indicated 80% statistical power for detecting a difference between groups with
Cohen’s d-values of 0.7 or more. For session 2, a sensitivity analysis indicated 80% statistical power for detecting
a difference between groups with Cohen’s d-values of 0.97 or more. Regarding the difference between the two
sessions within same participants, a sensitivity analysis indicated 80% statistical power with Cohen’s dz-values
of 0.7 or more.

Inclusion criteria for all participants included: 1. Age between 18-65 years old. 2. Participants able to com-
plete, understand and sign written consent forms. 3. Normal or corrected to normal vision. Exclusion criteria
for all participants included: 1. History of neurological disorders. 2. Past diagnosis of attention deficits. Inclusion
criteria for the MDD participants included: 1. Current DSM-V diagnosis of MDD. 2. Only patients who received
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Figure 3. Principal component loadings—Participants’ preferences to the different categories are loaded onto a
single component in principal component analysis. The figure presents the loadings of the first PCA component
in experiment 1, experiment 2 only for control participants and experiment 2 only for MDD patients. The
bottom line shows the proportion of variance explained by the first PCA component. Due to copyright
limitations, the example of "attractive faces" includes the same face twice, rather than two different faces
(copyright Leknes Affective Brain lab according to the user agreement form). The emotional faces presented are
from the KDEF dataset (copyright Karolinska Institutet, Psychology section; images IDs—AF25HAS, AF25NES,
AF20ANS, AF20NES, AF13AFS, AF13NES, AM25SAS and AM25NES; https://kdef.se/faq/using-and-publi
shing-kdef-and-akdef).

zero to two antidepressant medications before enrolment were recruited. All patients were willing to start or to
change their current antidepressant medication. Naive patients received sertraline up to 200 mg. Patients who
were taking another SSRI were switched to sertraline and patients who were taking sertraline were switched to
another SSRI. 3. Eligible for SSRI treatment. Exclusion criteria for MDD participants included additional psychi-
atric diagnosis from the axis I (Mental Health and Substance Use Disorders). Exclusion criteria for healthy con-
trols included history or current diagnosis of any psychiatric disorder. All participants provided informed consent
prior to participating in the experiment. Participants received reimbursement of 150 NIS (approximately $40).

Stimuli and apparatus

The stimuli presented during the eye-tracking task were identical to those used in Experiment 1. Stimuli were
presented on a 24-inch screen, while gaze position was tracked using SMI 250RED (SansoMotoric Instruments
Inc, Teltow, Germany), installed on DELL laptop. All participants additionally completed the Hamilton Depres-
sion Rating Scale ** during each experimental session.

Procedure
Each participant provided informed consent prior to beginning the experiment in accordance with the Tel-
Hashomer Helsinki committee regulations. Each session of this experiment was embedded in an approximately
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Figure 4. Reliability of positive preference across time in all categories—participant-wise correlations between
session 1 and session 2 in each category. Last panel (bottom right) shows the results of the mean positive
preference across categories.

4.5 hours long experimental session during which participants provided multiple clinical assessments, performed
additional cognitive tasks, and completed EEG recording and MRI scanning sessions. The procedure of the Image
Viewing task was identical to Experiment 1, except that each image size was approximately 15 by 15—Degrees
Of Visual Angle (DVA), positioned 10 DVAs apart (The variation from the previous experiment was the result
of the different screen employed in this experiment).

Participants completed the Image Viewing task twice, in two sessions approximately two months apart
(M=71.89 days, SD=32.25, range 40-186 days). MDD patients underwent SSRI antidepressants treatment
between the two sessions. The experiment was approved by the Tel-Hashomer Helsinki committee.

Data preparation

Three participants (two MDD patients and one control) who had less than 75% valid gaze samples in either ses-
sion were excluded from further analyses according to the preregistered analysis plan (https://aspredicted.org/
blind.php?x=UEG_MM]). Because eye tracking performance is typically noisier in atypical populations, such as
MDD patients, we used a lower criterion for valid gaze sample in this experiment, compared to the 85% criterion
in experiment 1. In addition, trials in which less than 3 fixations were detected were excluded from analysis
(1.03% of trials). As in experiment 1, preference for the positive image was calculated as the difference between
the percent of time participants looked at the area of the more positive image minus the percent of time on the
other image. The mean preference for positive images was then averaged across all trials from the same category.

Results

The Hamilton Depression Rating Scale

MDD patients scored significantly higher than the healthy participants on the Hamilton Depression Rating Scale
both in the first session (MDD patients M =17.04, SD =7.37, Control M = 1.41, SD = 1.56, #(48) =9.76, p<0.001,
95% CI [12.41, 18.87], d’=2.94) and the second session (MDD patients M =6.69, SD =6.03, Control: M=1.57,
SD=1.95, #(25)=3.01, p=0.006, 95% CI [1.62, 8.62], d’=1.14). MDD patients’ Hamilton depression rating scale
scores were significantly lower in the second session compared to the first session (#(12) =3.12, p=0.009, 95%
CI [2.84, 15.93], d'=9.39), reflecting a significant improvement in depression severity.

Gaze positivity preference

In the first session, healthy control participants looked significantly more at the positive images in six of the
seven categories (mean difference =9.25-26.85%, all p<0.044), with no significant difference in the remaining
category (fearful vs. Neutral faces). On the other hand, MDD patients looked in the first session significantly
more at the positive images only in two out of the seven categories (appealing vs. Rotten food, mean differ-
ence=13.18%, p=0.006, and attractive vs. unattractive faces, mean difference = 6.78%, p=0.043). In the second
session, healthy controls looked significantly more at positive images in four out of the seven categories (mean
difference =13.54-22.57%, all p <0.023), with no significant difference in the remaining three categories (angry
vs. Neutral, sad vs. neutral and fearful vs. Neutral faces), while MDD patients looked significantly more at posi-
tive images in six out of the seven categories (mean difference =8.43-29.94%, all p <0.048) with no significant
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difference in the remaining category (fearful vs. Neutral faces). For full statistics see Supplementary Table S1
and Fig. S1.

As in experiment 1, individuals’ positivity preference was correlated across stimulus categories. In the first
session, the pairwise correlations between preference in different categories were significantly positive in 19
out of 21 pairwise correlations among the healthy controls and 13 out of 21 among the MDD patients (see Sup-
plementary Table S2). Principal components analysis in healthy control participants indicated that preference
for positive images in each category loaded strongly (component loadings between 0.79 and 0.89, see Fig. 3)
on a single factor, explaining 69.58% of the variance (factor analysis using a model with one factor revealed a
comparative fit index of 0.82). PCA and factor analyses were computed on the data of the first session, due to the
low sample size in the second session. Similarly, for the MDD patients, principal components analysis indicated
that preference for positive images in six of the seven categories loaded strongly (component loadings between
0.56 and 0.80, see Fig. 3) on a single factor which explained 60.45% of the variance (comparative fit index of
0.77 for a model with one factor). Notably, preference for smiling faces over neutral faces was not loaded on
the same factor for MDD patients, with a loading of 0.05. Across time, the mean positive image preference was
significantly correlated between the two sessions for both the healthy controls (r=0.831, N=14, p<0.001) and
the MDD patients (r=0.762, N=13, p=0.002; see Fig. 5).

A mixed measures ANOVA on the mean positive image preference revealed a significant interaction between
session and group factors (F(1,25)=11.26, p=0.003, r]2 = 0.31; see Fig. 6), while neither the main effect of group
(F(1,25)=0.57, p=0.46, 771% = 0.02) or measurement session (F(1,25) =2.47, p=0.13,72 = 0.09) were significant.
In the first session, mean positive image preference was significantly lower (#(48) =2.54, p=0.015, 95% CI [2.41,
20.85], d’=0.71) for the MDD patients (M =5.89%, SD =13.23) compared to the healthy controls (M =17.52%,
SD =19.17). While in the second session, after patients received treatment, mean positivity preference was not
significantly different (£(25)=-0.36, p=0.72, 95% CI [-15.88, 11.18], d’=0.14) between the patients (M =13.93%,
SD =15.80) and controls (M =11.58%, SD =18.14). Patients’ mean positivity preference increased significantly

Exp1 Positivity Preference: Exp2-MDD Positivity Preference: Exp2-Control Positivity Preference:
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Figure 5. Stability of mean positivity preference across time—correlations between sessions in both
experiments for mean positive image preference. In experiment 2 results are presented for control and MDD
patients separately.
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Figure 6. Mean positivity preference across time in control participants and MDD patients—bars represent the

averages of each group in each session and error bars represent standard errors. Each pair of dots and the line
connecting them represent an individuals preference in both sessions.
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between the two sessions (#(12) =3.48, p=0.005, 95% CI [3.73, 16.2], d’=0.97), while there was no significant
change for control participants (#(13) =—1.27, p=0.23, 95% CI [-9.77, 2.55,], d’=0.34).

Discussion

Two experiments exhibited consistent individual differences in gaze positivity preference across types of stimuli
(emotional faces, attractive faces, appealing food and positively valenced images) and time (weeks in experiment
1 and months in experiment 2). Furthermore, before treatment, MDD patients showed less positivity preference
than control participants. In a subset of MDD patients’ who were available for testing after treatment positivity
preference was significantly increased compared to the first session and was no longer significantly different from
control participants’ positivity preference. Thus, gaze positivity preference can be considered an individual trait
influenced by the individual’s mental state.

Previous work on (not gaze related) positivity bias found biases in several domains of cognitive process-
ing, including memory*, interpretation*! and attention*>**. For attention, positivity bias was studied using the
dot-probe task and shown to vary between age groups'® and patient populations** yet its stability across time
and stimuli remained uncertain due to low reliability of the task*>*. The current study employed a reliable eye-
tracking measure and showed a general positivity bias in gaze deployment, which differs consistently between
healthy individuals of similar age and varies with a psychiatric condition (MDD).

Previous findings of differences in gaze preference between individuals with major depressive disorder and
healthy participants were primarily based on one or a few stimulus types?>*. Studies that included more than
one type of stimuli were mainly concerned with different facial expressions of emotion*”. For example, Doque
and Vézquez* displayed emotional and neutral faces and found that individuals with MDD looked more at sad
faces and less at happy faces. The current study found that positive gaze preference is a general trait (stable across
7 stimulus types) which is lower in MDD patients compared to healthy participants across various stimulus
types. Moreover, after receiving SSRI treatment for two months, MDD patients’ positivity preference increased
significantly, reaching levels similar to those of healthy participants. These findings extend a previous study that
revealed higher gaze preference for positive images among medicated MDD patients compared to nonmedicated
patients*®. Importantly, the absence of a nonmedicated control group in our experiment raises the possibility
that the observed improvement may be attributed to spontaneous recovery, or other factors, rather than a causal
effect of SSRIs*->2,

Previous literature did not reach consensus as to whether positive and negative preference effects in MDD
patients are manifestations of the same underlying construct®*. In other words, it is not clear if preference
towards positive stimuli is the same as avoidance of negative stimuli. Here, we show that for healthy individuals,
preference towards positive stimuli as measured by the conditions in which a positive stimulus was paired with
a neutral one (happy and neutral face, positive and neutral IAPS images) and avoidance of negative stimuli, as
measured by conditions in which a negative stimulus was paired with a neutral stimulus (angry, fearful and sad
faces paired with neutral faces) loaded strongly on the same general factor. Thus, in healthy individuals, positive
gaze preference and negativity avoidance were related and likely stemmed from overlapping underlying con-
structs. Previous research has also proposed a hypothesis suggesting that depression can be characterized by two
distinct factors: motivational and emotional®. Building upon this notion, we anticipated observing a distinction
between two types of stimuli categories: emotional expressions (e.g., face stimuli) and motivational categories
(e.g., IAPS, food, and attractiveness). However, findings from both experiments suggest that gaze preferences
are primarily influenced by a single factor.

In MDD patients, positive gaze preference was highly correlated in all categories beside one — happy faces.
Previous studies have identified distinct processing patterns for happy faces in individuals with depression, par-
ticularly when comparing their visual processing of happy and sad faces®=". For example, one study has revealed
that prior to treatment, depressed individuals exhibited higher responses in visual areas when presented with sad
stimuli of increasing intensity. However, this heightened response was not observed in response to happy stimuli.
Therefore, while positivity preference in most categories is consistent among MDD patients, the preference for
positive facial expressions appears to be less linked to the same underlying construct.

Recent studies found high test-retest reliability of gaze preference towards semantic categories such as faces
and text®®, smiling faces'>*” and positive natural scenes?. These eye-tracking findings, similar to the current
findings, stand in contrast to the low test-retest reliability of more traditional dot-probe paradigms (though
novel computational methods may improve dot-probe paradigms’ reliability®®) which is the standard measure-
ment paradigm for attentional bias***®. Furthermore, although previous research demonstrated that observers
are capable to a certain degree of self-reporting their visual preferences®, directly measuring these preferences
offers a more reliable and objective measure. Thus, the current study provides a tool for reliable measurement
of overt attentional bias for positive stimuli, with potential applications across various populations, including
MDD patients and children. Future research should investigate methods to enhance the tool’s sensitivity for
specific objectives, such as selecting image categories with strong and reliable positivity preference. For example,
the current study suggests that food and attractiveness may lead to more reliable and strong preference. Future
studies with larger sample sizes should compare positivity preference in various stimulus types. In experiment
2, the larger recovery in Hamilton scores compared to the gaze positivity preference highlights the potential for
improvement in assessing positivity preference. The use of eye tracking could be superior to questionnaires when
subjects have language and communication limitations. If positivity preference will be shown to have a causal
effect on participants mental conditions (but see®) it could potentially be a target for treatment procedures,
training participants to focus more on positive images (similarly to attentional bias modification'?).

Likewise, future studies may investigate whether gaze positivity preference is related to positivity biases in
other domains, such as positive interpretation bias*"*! or how individuals behave in ambiguous situations®.
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Indeed, the lack of positivity preference in MDD patients reported in the current study, might be related to the
tendency of individuals with depression to interpret ambiguous situations more negatively®’. Notably, the current
study did not find correlations with self-reported optimism (failing to conceptually replicate Isaacowitz’s study?').
However, it is possible that because gaze positivity preference is closely related to which visual information one
collects moment by moment, gaze positivity preference would more directly influence immediate decisions and
interpretations that are based on visual information, rather than one’s broader perspective on the world.

The current study has several limitations. First, it used a controlled experimental paradigm and the findings
may not generalize to real-life scenarios in which multiple cluttered stimuli are simultaneously present. Future
studies should employ more natural conditions, possibly by using wearable eye-tracking devices®’. Second,
although the study examined positivity preference stability across months, preference may change across a
lifespan®. Third, while we included 7 stimuli categories, much beyond what was done in previous studies, there
are many other types of positive stimuli (e.g., money) and negative stimuli (e.g., threatening images) which
were not included. Forth, the sample sizes in both experiments are modest, potentially limiting the precision
of effect size estimates. However, the consistent findings across two experiments, and the overall high correla-
tions among gaze preference measures indicate robust trends, supporting the claim about a stable and general
gaze positivity preference. Nevertheless, the results of Experiment 2, concerning the alteration in gaze positivity
preference among individuals with MDD, should be treated with caution due to the modest sample size. Finally,
our experimental design treated the positive or negative valence of each stimulus as a constant, while in practice
the affective values of stimuli likely differ between individuals. In the current study, such differences increase
measurement error, but future work could achieve more precise measurement by including individual ratings
of affective value as additional predictors.

In conclusion, the current study shows that preferential looking at more positive stimuli is an individual
trait, consistent across different stimulus types and stable across time. Moreover, positive preference is lower
in patients with major depressive disorder compared to healthy participants and returns to normal levels after
treatment. Thus, gaze positivity preference can be viewed as a trait that determines the amount of positive visual
information that is selected for processing and therefore could modulate the observer’s emotional state. Indeed,
positivity preference differs in abnormal affective states and responds to treatment.

Data availability

Both experiments were preregistered. Deidentified data for both experiments are accessible at https://osf.io/
mkh8g/?view_only=2e6777cd2a3340aea088b550831a8f2b. Requests for the analysis scripts and stimuli can be
sent to the corresponding author.
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