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Comparing emotional working 
memory in adolescents and young adults 
with and without depressive symptoms: 
developmental and psychopathological 
differences
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Abstract 

Depressive symptoms are associated with working memory impairments. Yet, comparative studies examining work‑
ing memory across the developmental spectrum in depressed and non depressed cohorts are lacking. This study 
examined emotional working memory in 74 adolescents (mean age = 14; 21 with depressive symptoms) and 92 
adults (mean age = 22; 36 with depressive symptoms).  Participants completed two versions of an emotional face 
n-back task, and either paid attention to the valence of the emotion or the gender. Both tasks were completed at low 
load (0-back) and high load (2-back). In the high load condition, healthy adolescents showed a bias towards posi‑
tive faces, both speeding up reaction times (RTs) when emotion was task relevant but slowing RTs when they were 
task irrelevant. This interaction was neither significant in adolescents with depressive symptoms nor in young adults. 
Depressive symptoms did not influence RTs in low load. The results indicate that adolescents with depressive symp‑
toms might lack the bias towards positive affective material at high load WM task present in healthy adolescents.
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Background
Depressive symptoms are common at any age, with prev-
alence rates of major depressive disorder of around 3% in 
children, 5–20% in adolescents, and 7–13% in adults [1–
4]; with a high correlation among them [5]. Diagnostic 
criteria of DSM-5 [6] and ICD-11 [7] are almost identical 
for adolescents and adults, although an important affec-
tive–cognitive difference in DSM-5 acknowledges that 
adolescents experience irritable rather than sad mood. 
However, several studies also documented etiological, 

symptom profile, and treatment differences between ado-
lescent and adult depression [8–10], raising questions 
regarding the similarity of depression across age groups. 
For example, Rice et  al. [8] observed that anhedonia, 
loss of interest, and concentration problems were com-
mon among adults, whereas, in adolescents, appetite and 
weight changes, loss of energy, and insomnia prevailed.

When considering mental health problems, one cru-
cial cognitive risk factor constitutes deficits in cognitive 
control and working memory (WM) specifically [11, 12]. 
In particular, a growing body of literature has examined 
how affective material influences WM. For example, 
meta-analytic evidence concluded that affective informa-
tion modulates WM performance, as seen in behavioral 
and neuroimaging studies [13, 14], and this is mainly the 
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case for individuals suffering from mental health prob-
lems [14]. As Schweizer and colleagues indicated in their 
meta-analysis [14], response times for affective stimuli, 
compared to neutral stimuli, were slower on behavioral 
measures of WM, including simple spam tasks, n-back 
tasks, delayed-match-to-sample tasks, and complex 
spam tasks. Of the 165 studies reviewed by Schweizer, 
the n-back task was the most frequently used; 63 studies 
looked at the n-back task, 44 of those used both positive 
and negative stimuli. However, only two of these stud-
ies included depressed participants, whilst none of these 
studies compared adolescents and adults.

Several studies found an impairment in WM tasks for 
negative material—when compared to positive or neutral 
material—among depressed adults [15–18]. By contrast, 
results from adolescents are mixed [19–21]. Whereas 
Tavitian et  al. [21] documented impaired WM by neu-
tral irrelevant information but not by positive or negative 
information in depressed versus healthy comparison ado-
lescents, Ladouceur et al. [20] found that irrelevant nega-
tive information impaired WM performance in a clinical 
sample of early adolescents.

Some of these prior discrepancies may stem from the 
type of negative emotion involved. Whereas some studies 
used ‘sadness’ [18], an emotion congruent with depres-
sion, other studies used anger [19, 21]. In contrast to 
sadness, anger is not emotionally congruent but has also 
been documented as a potent trigger of negative emo-
tionality [22]. These studies highlight the importance 
of studying the differential impact of distinct or spe-
cific affective stimuli, both relevant and irrelevant, and 
acknowledge including depressed and healthy compari-
sons. However, direct comparisons across age and psy-
chopathology are presently lacking.

Arguably, because WM is not fully mature until the age 
of 19 [23] and as emotion appears to influence WM dif-
ferently in healthy adults versus adolescents [24]—with 
stronger working memory effects for adolescents when 
compared to adults—one might anticipate a differen-
tial age effect in individuals with depressive symptoms. 
Strikingly, studies directly comparing WM and cogni-
tive control in adolescents and adults with and without 
depressive symptoms together with two-matched con-
trol groups are presently non-existent in the literature. 
Whereas one study compared adolescents and adults but 
only had a clinical depression group for adolescents [25], 
another study examined the association between affective 
control, mental health difficulties, and age group (early 
and mid- adolescents and adults), but did not include any 
symptomatic comparison group [26].

Therefore, to explore developmental and psychopa-
thology differences in WM performance, this study 
tested the influence of relevant and irrelevant affective 

stimuli in adolescents and young adults with and without 
depressive symptoms, using a well-validated emotional 
WM task [19, 24, 27]. As multiple studies suggest that 
depressed adults experience greater difficulty in manipu-
lating material in WM compared to healthy comparisons 
[16], especially when the material is negative [15, 17, 18], 
we hypothesized that when exposed to anger, this would 
have a bigger influence on WM in those with depressive 
symptoms. Because adolescents have a heightened reac-
tivity to emotional content [24, 28, 29], we hypothesized 
that the influence of affective material would be stronger 
in adolescents—both healthy and with depressive symp-
toms—compared with young adults. Adolescents’ data 
were used from the study of Wante et  al. [19]; for the 
purpose of this study and to extend Wante’s results, two 
groups of adults (healthy and with depressive symptoms) 
were added.

Method
Participants
In total, 166 participants completed the study (60 male; 
34.3% with depressive symptoms). Of those, 74 were ado-
lescents (21 with depressive symptoms, mean age = 14.76 
years, SD = 1.64; 53 healthy, mean age = 14.27 years, 
SD = 1.45) and 92 young adults (36 with depressive 
symptoms, mean age = 21.69 years, SD = 2.83; 53 healthy, 
mean age = 21.79 years, SD = 3.79) (Table  1). Adoles-
cents’ data were used from the study of Wante et al. [19], 
but data from the adults have not been published before.

In Wante et  al. [19], a semi-structured clinical inter-
view was used for classification, and depressed ado-
lescents were also included in the clinical group even if 
their depression scores (based on the Children’s Depres-
sion Inventory; CDI [30]) were low but had a diagnosis 
of depression. Because the goal of this study was to use 
a common dimensional cutoff for both adolescents and 
adults, these individuals with a history of depression were 
excluded. In this present study, groups were allocated 
according to participants’ scores on the Beck Depression 
Inventory-II (BDI-II) [31] (young adults) and CDI [30] 
(adolescents). A growing body of literature supports the 
use of cut-off scores for these two instruments [32–34], 
and a considerable amount of literature has been con-
ducted using depression as a categorical variable based 
on these exact BDI/CDI scores [35, 36]. This also resulted 
in slightly different sample sizes/grouping relative to the 
Wante et al. [19] study.

Inclusion criteria for adolescents were age between 
10 and 18 years, and IQ within the normal range (> 70). 
All adolescents signed informed assent, and their legal 
guardians signed informed consent. Young adults were 
recruited through online screening at the faculty. The 
majority of participants were Belgian. After signing the 
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informed consent, adult participants completed the 
BDI-II [31] to assess current depressive symptomatol-
ogy. Inclusion criteria for this study were set a priori as a 
CDI [30] (adolescents) / BDI-II [31] (adult) score of 14 or 
above (depressive symptom group) or 13 or less (healthy 
group). A CDI/BDI-II score of ≥ 14 commonly denotes 
mild to more severe depression in the literature [30, 
31]. As compensation, adolescents received two cinema 
tickets and adults 16 EUR.  The ethical committee of the 
Faculty of Psychology and Educational Sciences at Ghent 
University approved the study.

Measures
Emotional n‑back task
The n-back task has previously been validated to com-
pare healthy versus depressed youths [19] and healthy 
adolescents versus adults [24, 27], and was thus optimal 
for cross-age comparisons. The task was programmed in 
Presentation Software and was run on a 15.6-inch Dell 
laptop. Images were selected from the NimStim [37] 
and the Radboud Faces Databases [38]. Images included 
32 adult actors (16 male and 16 female), and each actor 
posed the three emotional expressions (neutral, happy 
and angry), resulting in 96 pictures. Although exact 
arousal/valence ratings are not available for the Nim-
Stim dataset, low arousal versions (individuals express-
ing emotions with their mouths closed) were selected. 
Images were grayscaled, and the background hair of faces 
was removed using Adobe Photoshop 5.0. Following 
the procedures used in a previous study by Cromheeke 
et al. [24], images were displayed on a black background 
at 320 × 400 pixels, corresponding to approximately 
8 × 10 cm. For the practice trials, 14 pictures of different 
actors were selected.

Participants completed a low cognitive load (0-back) 
and a high cognitive load (2-back) version of the n-back 

task. As it has been described in previous studies [19, 24], 
each version included two conditions, a gender condition, 
in which participants needed to focus on the gender of 
the faces, and a valence condition, in which participants 
needed to focus on the emotional expression of the faces.  
In the 0-back task, participants needed to respond to a 
target. In the gender condition, the target was a male or a 
female, whereas the target was the emotion in the valence 
condition. Participants were instructed to press the left 
mouse button if the presented face was the target and the 
right mouse button if the presented face was not a tar-
get. In the 2-back task, participants needed to compare 
the gender (in the gender condition) and the emotion (in 
the valence condition) of the current face with the face 
presented two trials before. The 2-back task consisted of 
match and mismatch trials. A match trial refers to a trial 
in which the gender or the emotional expression of the 
faces are the same, whereas a mismatch trial refers to a 
trial in which gender or the emotional expression of the 
faces are different. Participants were asked to press the 
left mouse button for a match trial and the right mouse 
button for a mismatch trial. Pictures were presented for 
2000 ms, with a 500-ms inter-trial interval.

Questionnaires
Depression inventory
The BDI-II [31] is a frequently used questionnaire assess-
ing depressive symptomatology in adults according to the 
DSM-IV criteria [39]. The questionnaire assesses cogni-
tive, affective, and somatic aspects of depression and is 
scored from 0 to 63. The scale has excellent reliability in 
the Dutch version [40]. Scores of 14 to 19 indicate mild 
depression; scores above 19 moderate to severe [31].

The CDI [30, 41] is a 27-item self-report questionnaire 
designed to assess depressive symptoms in youths and 

Table 1  Demographic characteristics of participants

For depression, CDI (adolescents), BDI (adults) scores are reported; Standard deviations are in parenthesis. For anxiety, STAI Trait-State scores are reported; Standard 
deviations are in parenthesis

Adolescents Young adults

Total Depressive  symptoms Healthy Total Depressive symptoms Healthy

N 74 21 53 92 36 56

Age (SD) 14.41 (1.51) 14.76 (1.64) 14.27 (1.45) 21.75 (3.43) 21.69 (2.83) 21.79 (3.79)

Gender, N (%)

 Female
 Male

48 (64.9)
26 (35.1)

19 (90.5)
2 (9.5)

29 (54.7)
24 (45.3)

58 (63)
34 (37)

25 (69.4)
11 (30.6)

33 (58.9)
23 (41.1)

Depression

 Mean (SD) 11.04 (9.3) 23.74 (8.5) 6.4 (3.3) 13.65 (12.2) 26.06 (10.1) 5.68 (4.2)

Anxiety

 Mean (SD) 35.85 (8.9) 46.7 (5.6) 31.96 (6) 44.46 (12.7) 45.85 (13.2) 43.57 (12.4)
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was built on the BDI. The CDI showed good psychomet-
ric properties [41].

Trait anxiety inventory
The Trait version of the State-Trait Anxiety Inventory 
(adults: STAI, [42]; adolescents: STAI-C, [43, 44]) meas-
ures the frequency and intensity of trait anxiety symp-
toms with 20 items and has shown to be valid and reliable 
in the Dutch translation [45].

Procedure
All participants completed the task in testing rooms 
at the faculty.  After signing informed consent and fill-
ing out the questionnaires, participants received task 
instructions on the computer screen repeated orally by 
the experimenter. Participants first completed a training 
phase, including 10 trials of the 0-back task and 24 trials 
of the 2-back task and were able to ask for help or clari-
fication. Only participants who had at least 60% accuracy 
in the training phase could continue the task.

Data analyses
We performed a repeated-measures analysis of covari-
ance (rmANCOVA) with load (0-back or 2-back), task 
condition (gender or valence), and emotion (angry, 
happy, or neutral) as within-subject factors and depres-
sion status (depressive symptoms or healthy) and age 
group (young adults or adolescents) as between-subjects 
factors for the mean reaction time (RTs, correct trials 
only) and accuracy (percentage correct responses), sepa-
rately. Because depressive symptoms often occur with 
anxiety [46] and share structural and brain alterations in 
circuits involving emotion regulation and cognitive con-
trol [47], anxiety symptoms were introduced as a covari-
ate. To follow up significant interactions, paired-samples 
t-tests were conducted with the Bonferroni-Holm correc-
tion for multiple comparisons. Effect sizes are reported as 
Cohen’s d or partial eta squared, as appropriate. Lower-
order interactions were not considered if these were 
qualified by higher-order interactions comprising the 
same factors (but are provided in the Additional file  1: 
Supplementary material for the sake of completeness and 
transparency).

Results
Reaction time (RT)
As predicted, a significant five-way interaction among 
load (0-back or 2-back), task condition (emotion or gen-
der), emotion (happy, angry or neutral), depression sta-
tus (depressive symptoms or healthy), and age group 
(young adults or adolescents) was found (F(2, 310) = 3.63, 
p = .028, ηp² = 0.02) (Fig. 1; Additional file 1: Table S1). 
The covariate anxiety did not affect these results. To 

break down this complex interaction, we followed it up 
by running two four-way interactions splitting it at the 
age group level (i.e., running the rmANCOVA for young 
adults and adolescents separately). Below, the results of 
the rmANCOVA conducted separately for the adult and 
adolescent groups are discussed successively.

Young adults
Although the four-way interaction was not significant, 
there was a significant three-way interaction among load, 
task, and emotion (F(2, 178) = 5.69, p = .004, ηp² = 0.06) 
(see next paragraph for discussion of this interaction). 
Psychopathology group did not interact, or had a main 
effect. A main effect of load indicated faster RTs in low 
load relative to high load (F(1, 89) = 306.93, p < .001, ηp² 
= 0.78), a main effect of task indicated faster RTs in the 
valence relative to the gender condition (F(1, 89) = 5.34, 
p = .023, ηp² = 0.06) and a main effect of emotion (F(2, 
178) = 18.10, p < .001, ηp² = 0.17) indicated faster RTs for 
happy than neutral, (t(91) = −  5.38, p < .001, d = 0.56) 
and happy than angry faces (t(91) = −  6.10, p < .001, 
d = 0.64). The covariate, anxiety, was significantly and 
negatively related to overall RTs (F(1, 89) = 6.34, p = .014, 
ηp² = 0.07) (i.e., higher anxiety = shorter RTs).

To examine the above three-way interaction a condi-
tion by emotion interaction was run for low load (0-back) 
and high load (2-back) separately. During high load, no 
significant interactions emerged (all ps > 0.05). There was 
a main effect of emotion (F(2, 180) = 8.66, p < .001, ηp² = 
0.09), indicating faster RTs for happy than neutral, (t(91) 
= − 2.94, p = .008, d = 0.31) and happy than angry faces 
(t(91) = −  4.63, p < .001, d = 0.48), and a main effect of 
anxiety (F(1, 90) = 5.38, p = .023, ηp² = 0.06).

During low load (0-back) the two-way interac-
tion of task condition by emotion was significant (F(2, 
180) = 17.82, p < .001, ηp² = 0.17). RTs for angry and 
happy faces were faster when the emotion was relevant 
(valence condition) than when it was irrelevant (gender 
condition) (t(91) = 4.59, p < .001, d = 0.48 and t(91) = 4.53, 
p < .001, d = 0.47, respectively). Moreover, within the 
valence condition RTs were faster for happy compared 
to neutral (t(91) = −  6.41, p < .001, d = 0.67), happy 
compared to angry (t(91) = 2.78, p = .007, d = 0.29), and 
angry compared to neutral faces (t(91) = − 4.53, p < .001, 
d = 0.47). Within the gender condition, RTs for happy 
faces were faster than RTs for angry faces (t(91) = 2.96, 
p = .012, d = 0.31). There was also a main effect of task 
condition (F(1, 90) = 11.72, p = .001, ηp² = 0.12) — with 
faster RTs in the valence compared to the gender con-
dition —and emotion (F(2, 180) = 12.84, p < .001, ηp² 
= 0.13); with faster RTs for happy compared to neutral 
(t(91) = −  4.96 p < .001, d = 0.52) and to angry (t(91) 
=−  4.00, p < .001, d = 0.42). The main effect of anxiety 
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(F(1, 90) = 4.26, p = .042, ηp² = 0.06) indicated faster RT 
with higher anxiety.

Adolescents
In adolescents, the four-way interaction was significant 
(F(2, 130) = 4.83, p = .009, ηp² = 0.07). Anxiety did not 
have any effect.  A rmANCOVA with the task, emotion 
as within-participant factors, and psychopathology group 
as the between-participants factor was run separately for 
the low load (0-back) and high load (2-back) conditions.

In the high load condition, the three-way interaction 
among task, emotion, and psychopathology group was 

significant (F(2, 130) = 3.44, p = .035, ηp² = 0.05). To 
examine the three-way interaction a two-way rmAN-
COVA task condition by emotion was conducted sepa-
rately for adolescents with and without depressive 
symptoms.

For adolescents with depressive symptoms, no sig-
nificant findings emerged (all ps > 0.05). In healthy ado-
lescents, the two-way interaction of emotion by task 
was significant, (F(2, 96) = 6.34, p = .003, ηp² = 0.12) 
indicating slower RTs for happy faces than neutral faces 
(t(52) = 3.01, p = .012, d = 0.41) in the gender condi-
tion but, faster RTs for happy faces relative to angry 

Fig. 1   A Reaction times for gender and valence tasks of angry, happy neutral faces in high load task. B Reaction times for gender and valence 
tasks of angry, happy neutral faces in low load task. Error bars represent standard errors of the mean. *p < .05. **p < .01. ***p < .001. DS = Depressive 
Symptoms; HC = Healthy Comparisons
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(t(52) = 2.92, p = .012, d = 0.40) and neutral faces (t(52) = 
−  2.98, p = .012, d = 0.41) during the valence condition, 
showing a performance benefit when happy faces were 
task-relevant. Moreover, RTs for happy faces were faster 
in the valence condition compared to the gender condi-
tion (t(52) = 2.41, p = .019, d = 0.33).

In the low load condition, the three-way interaction was 
not significant, and there was no main effect of psycho-
pathology, but there was a significant two-way task con-
dition by emotion interaction (F(2, 130) = 12.22, p < .001, 
ηp² = 0.16). For happy emotional faces, RTs were faster 
in the valence condition relative to the gender condi-
tion (t(73) = 2.91, p = .010, d = 0.34), whereas for neutral 
faces, RTs were faster in the gender condition relative to 
the valence condition (t(73) =− 3.50, p = .003, d = 0.41). 
For the gender condition, there were no significant dif-
ferences on RTs between emotions. In the valence condi-
tion, there were significant differences in all the emotions; 
happy was faster than neutral (t(73) = −  7.83, p < .001, 
d = 0.91) and happy was faster than angry (t(73) = 4.48, 
p < .001, d = 0.52) and angry was faster than neutral (t(73) 
= − 3.62, p = .001, d = 0.42). There was also a main effect 
of emotion (F(2, 130) = 12.22, p < .001, ηp² = 0.16), t tests 
indicated that RTs for happy were faster than for anger 
(t(73) = − 4.71, p < .001, d = 0.55) and for neutral (t(73) = 
− 6.75, p <. 001, d = 0.78), and faster for angry compared 
to neutral faces (t(73) = − 2.32, p = .042, d = 0.27). Nei-
ther anxiety nor psychopathology revealed a main effect.

Accuracy
In contrast to the findings in RTs, no significant five-way 
interaction emerged in accuracy (p = .291). Importantly, 
no main effects involving group were statistically signifi-
cant, excluding any potential speed-accuracy trade-offs. 
Anxiety did not affect interactions, nor a main effect. 
However, there were 3 2-way interactions. The load by 
age group (F(1, 155) = 16.52, p < .001, ηp² = 0.10) inter-
action indicated higher accuracy for young adults when 
compared to adolescents (t(163) = −  7.01, p < .001, 
d = 1.10) during the high load condition, with no differ-
ences during the low load condition. Both groups showed 
fewer errors during low load as compared to high load 
(young adults: t(90) = − 11.55, p < .001; adolescents: t(73) 
= −  18.90, p < .001). Because the load by emotion and 
load by task interactions did not influence the main find-
ings, it is not reported here but can be found in the Addi-
tional file 1: Supplementary material.

Discussion
The main goal of the current study was to examine the 
differential effects of affective information on WM among 
young adults and adolescents with depressive symp-
toms and healthy comparisons relying on a standardized 

paradigm. Whereas Wante’s [19] prior study documented 
a lack of a positivity bias in depressed youths, the current 
experiment extends these prior findings by including two 
adult groups: with and without depressive symptoms. 
The most striking result is that, during high WM load, 
healthy adolescents showed a bias for positive emotions, 
improving (in valence condition) and impairing (in gen-
der condition) performance, whereas this effect was not 
present in young adults or adolescents with depressive 
symptoms. Interestingly, there was also a general main 
effect of happy emotions, with faster RTs compared to 
neutral or angry emotions. Regarding the negative mate-
rial, contrary to our expectations, angry faces did not 
affect RTs differently according to depressive symptoms. 
Concerning accuracy, we did not find a significant 5-way 
interaction but found that, only in high load, young 
adults, compared with adolescents, had fewer errors.

During low cognitive load, young adults showed 
shorter RTs (in the valence condition) and longer RTs (in 
the gender condition) to both happy and angry faces. By 
contrast, in adolescents, during low cognitive load, only 
RTs for happy faces were shorter in the valence condition 
relative to the gender condition, and there was no effect 
of angry faces. In line with our results, Cromheeke et al. 
[19] suggested that adolescents, compared to adults, are 
hypersensitive to positive stimuli, having their attention 
more easily captured by happy, but not for angry faces.

Contrary to previous studies suggesting that anxiety 
impairs WM performance [48], our results indicate that 
anxiety symptom severity did not influence the main 
results and had no effect in adolescents. However, there 
was a main effect of anxiety in young adults, which sug-
gests that anxiety was negatively associated with overall 
RTs, but did not specifically impair WM performance, 
as its interaction with load, task or emotion was not 
significant.

The observed bias towards positive emotions in healthy 
adolescents during high WM load, is in line with the 
positive attenuation hypothesis [49]. According to the 
positive attenuation hypothesis [49], depressed individu-
als are characterized by reduced emotional reactivity to 
positive stimuli, such as insensitivity to positive informa-
tion. The fact that adolescents, regardless of whether they 
had depressive symptoms or not, were sensitive to posi-
tive emotion in the low load could be attributed to the 
high cognitive effort needed to process information in 
high load, compared to low load, which could have been 
affected by depressive symptoms. The positivity bias in 
healthy adolescents is consistent with prior work among 
healthy adolescents, compared to clinical comparisons, 
in which positive affective material impaired perfor-
mance—when used as a distractor [20]—, and increased 
performance—when used as the target stimuli [50]. The 
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differential effect of cognitive load, on the other hand, 
can be explained by hypotheses that postulate that dur-
ing demanding tasks, fewer cognitive resources will be 
available to process affective information [51, 52], possi-
bly because all attentional resources are directed towards 
the target [53]. Consequently, since depression reduces 
cognitive resources [54, 55], there will be an emotional 
blunting effect in a high cognitive load scenario.

In comparison to adolescents, the positivity bias in 
young adults was absent, which supports recent research 
that documented a positivity bias in healthy adoles-
cents, but not in healthy adults [27]. The age-specific 
modulations of working memory performance could be 
explained by neurodevelopmental differences in cogni-
tive control emotion interactions. Specifically, one study 
found that happy faces elicited more nucleus accumbens 
activation in adolescents relative to adults, which might 
underlie the positivity bias we found in adolescents [27]. 
Moreover, our results might have been influenced by the 
developmental differences in WM [23, 56], and precisely, 
a heightened sensitivity to positive affective material in 
adolescents [50], which might explain why the positivity 
bias was not present in young adults during high load.

Interestingly, results from this study suggest that happy 
faces are generally detected more quickly than angry or 
neutral faces, which is in line with previous studies that 
found a happiness superiority effect [57, 58]. Since our 
sample comprised individuals with and without depres-
sive symptoms, the fact that there was a main effect of 
happy faces, in general, could indicate that the effect of 
positive stimuli is independent of depression status. In 
addition, happy faces could have induced positive affect, 
which might have improved WM capacity, as a previous 
study indicated [59].

Contrary to expectations and earlier findings suggest-
ing an attentional bias towards negative stimuli among 
individuals with depressive symptoms [15, 17, 60, 61], 
our results did not show an impact of negative stimuli 
during high cognitive load. However, some prior studies 
included affective and neutral words [15, 17] rather than 
pictures, as we did. Also, other previous work included 
sadness as the negative stimuli [17, 60, 61], whereas the 
current study relied on anger instead. Thus, attentional 
biases in depression might not be related to all negative 
stimuli but are specific to depression-related information 
(i.e., sad stimuli); this distinction was shown in earlier 
studies among adults [62, 63], and adolescents [64].

The lack of a negative affective bias is consistent with 
a recent review suggesting that contradictory findings on 
positive and negative affective bias might be explained by 
the difference in experimental paradigms, such as visual 
attention during zero back and working memory dur-
ing 2 back [65]. An important factor influencing results 

pointed out in that review is stimulus choice/valence. 
Since neutral faces are more likely to be perceived as neg-
ative faces, an imbalance between positive and negative 
stimuli could have influenced the mixed results regarding 
angry faces. An alternative explanation could be that the 
impact of affective material in WM is minor at the per-
formance level but more severe at the neural level [14]. 
For example, Harvey et al. found no differences between 
depressed and healthy participants in performance meas-
ures but differences at the neuronal level, suggesting that 
individuals with depression may need more cognitive 
resources to maintain the same performance as healthy 
individuals [66].

Limitations
Despite the interesting findings, one limitation is the 
relatively small size of the adolescents with depressive 
symptoms. However, the sample size of adolescents with 
depressive symptoms is similar to previous works [16, 
20], while the other three group’s sample size was reason-
ably large. Secondly, we do not know whether the findings 
would generalize to pre-adolescent children. However, 
finding appropriate tasks that are equally challenging to 
all age groups may be difficult. Third, although including 
angry faces as affective stimuli is seen as important and 
ecologically valid, future studies should include a broader 
range of affective stimuli before generalized conclusions 
can be made. In this vein, it is regrettable that more pre-
cise valence/arousal ratings were not available. However, 
given that the current effects emerged with low arousal 
versions (mouth closed), whether a future replication 
with high arousal images might find increased differences 
remains to be seen. Fourth, since IQ scores could influ-
ence WM tasks, including them in our study could have 
been interesting. However, since these were not collected 
for the adults, this has to be taken into consideration as 
a possible limitation. Of note, consistent with previously 
reported prevalence rates [2, 4], more females reported 
depression than males in the present sample. Although 
an analysis of gender differences on emotional WM may 
have been desirable, we do not think that analyses with 
our sample size would have yielded statistically reliable 
findings. Therefore, future studies should aim to design a 
study to address this issue directly.

Conclusions
To our knowledge, this is the first study to present a full 
comparison between adolescents and adults with depres-
sive symptoms and with two respective healthy com-
parison groups using the same cognitive task. The main 
finding suggests a bias towards positive affective material 
during high load WM in healthy adolescents. Since ther-
apy for MDD is emotionally (and cognitively) demanding, 
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treatments might benefit from cognitive control train-
ing to enhance and control emotional processing. For 
instance, recent research in this field points towards 
working memory training to regulate affective symptoms 
in adolescents [67, 68]. Our results suggest that interven-
tion and prevention programs during adolescence might 
benefit from focusing on the processing of positive affec-
tive material. Furthermore, the findings might also relate 
to other therapeutic interventions in adolescents with 
depressive symptoms, such as mindfulness-based inter-
ventions, which effectively enhance positive emotion 
awareness [69, 70] and improve WM during adolescence 
[71]. However, further scrutiny of the findings to different 
therapeutic approaches is necessary.
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