(2022) 10:251
Ding et al. BMC Psychology
https://doi.org/10.1186/s40359-022-00953-y

Open Access

RESEARCH

Aging and distractor resistance in working
memory: Does emotional valence matter?
Lin‑jie Ding1,2†, Shao‑shuai Zhang1,2†, Ming Peng1,2 and Xu Li1,2*

Abstract
Background: Emotional stimuli used as targets of working memory (WM) tasks can moderate age-related differ‑
ences in WM performance, showing that aging is associated with reductions in negativity bias. This phenomenon is
referred to as the positivity effect. However, there is little research on whether emotional distractors have a similar
moderating effect. Moreover, the underlying neural mechanism of this effect has not been studied. In this study, we
examined the behavioral and neurophysiological basis for age differences in resistance to emotional distractors within
WM.
Methods: Older adults (n = 30, ages 60–74) and young adults (n = 35, ages 19–26) performed a 2-back task in which
a digit was superimposed on a face with a happy, angry, or neutral expression as a distractor. Event-related potential
(ERP) was simultaneously recorded to assess P2, N2, and later positive potential (LPP) amplitudes.
Results: Older adults were less accurate and slower than young adults on the WM task. Moreover, the results dem‑
onstrated a significant interaction between age and emotional valence on response accuracy, young adults’ perfor‑
mance was worse when the distractor was neutral or positive than when it was negative, but there was no effect of
the emotional valence of distractors on older adults’ WM performance. ERP analyses revealed greater P2 amplitude in
older adults than young adults, regardless of the emotional valence of distractors. However, older adults and young
adults did not differ on N2 or LPP amplitude, and negative distractors elicited greater N2 than positive distractors in
both age groups.
Conclusions: The behavioral findings provided evidence of age-related reductions in negativity bias. Thus, the
behavioral measures indicated a positivity effect in WM. However, the ERP results did not show this same interaction.
These discrepant results raise questions about whether and to what extent older and young adults differ in control‑
ling the effect of emotional distractors in WM.
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Background
Aging is related to substantial cognitive declines. According to the inhibitory deficit hypothesis, deficient inhibitory processes are a major cause of these declines in older
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adults [1]. Older adults have been shown to be more vulnerable to distractors than young adults across a variety
of paradigms [2, 3]. This common finding highlights the
importance of clarifying the specific processes involved
in older adults’ relatively poorer ability to resist interference from distractors. Notably, working memory (WM)
is among the cognitive domains that are most affected
by inhibitory deficits, and failure in distractor resistance
helps explain age-related reduction in WM capacity [4,
5]. However, this line of research has rarely considered
the emotional valence of the distractors, a topic that
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is potentially important given the growing literature
regarding emotion-cognition interactions and their relevance to aging.
A common idea in the literature on age-related changes
in the processing of emotional information is that there
is a positivity effect with aging. This term refers to agerelated shifts away from negative information or towards
positive information during cognitive processing [6, 7].
There has been an accumulation of empirical evidence
for age-related positivity effect across various cognitive
domains, such as attention [8], working memory [9],
and episodic memory [10]. The positivity effect is often
discussed within the theoretical framework of the socioemotional selectivity theory (SST) [11]. Several alternative theoretical models have also emerged to account for
this phenomenon. These models differ in their predictions regarding the mechanism by which aging impacts
emotional processing in cognition [12, 13] and are
referred to as second generation SST models.
Three of these second-generation models have had the
most influence in this literature. The cognitive control
hypothesis highlights the potential importance of topdown cognitive control in achieving task goals. According to this hypothesis, elderly people selectively exert
cognitive control resources to pursue their emotional
goals [14]. The aging brain model posits that the reduced
responses to negative stimuli in older adults result from
decreases in brain activity in some regions, such as the
amygdala, that are responsible for emotional processing [15]. Finally, the dynamic integration theory argues
that the positivity effect is a byproduct of cognitive aging
[16]. Older adults have difficulties in managing cognitiveaffective complexity and they prioritize positive information via an automatic process rather than through
controlled resource allocation, as would be suggested by
the cognitive control hypothesis.
There have been inconsistent results regarding the
positivity effect in WM, and some studies have failed to
detect this phenomenon [17, 18]. Moreover, the great
majority of studies on WM have focused on age differences in processing goal-relevant emotional stimuli [9,
19, 20]. It remains unclear whether the valence of emotional distractors affect WM performance in older and
young adults differently. Thus, although much effort has
been devoted to investigating the age-related positivity
effect in WM, there is still debate about its underlying
mechanisms [13, 21].
Only a few studies have tested older adults’ performance in resisting emotional distractors in WM tasks,
and the results have been mixed. In a study on visual
short-term memory, older adults were less accurate in
remembering the position of negative pictures than neutral pictures, whereas young adults’ performance did
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not differ across these two valence conditions [22]. In
another study, older adults were slower in resisting negative than neutral distractors in a 2-back task [23]. However, Oren et al. [24] found no differences between older
and young adults in resisting negative or neutral information. Furthermore, other research suggested that older
adults’ WM performance was more negatively affected
by positive and negative distractors than by neutral distractors, whereas no difference across these conditions
was observed in young adults [25]. Unfortunately, however, very few studies [18, 25] simultaneously examined
the effect of negative and positive emotional distractors
on WM function in older adults within one study. In
addition, no studies to our knowledge have examined
the neurophysiological effect of negative and positive
emotional distractors on WM function in older adults.
The current study aims to fill this gap in the literature
by using the event-related potential (ERP) technique to
assess the neurophysiological responses during an emotional 2-back task in older and young adults.
Research using ERP measures has demonstrated some
evidence of age differences in the time course of WM
processing. Differences were most evident on the P2, N2
and P3 components. For example, some studies found
that older adults had smaller N2 amplitudes, and larger
P2 and P3 amplitudes, than young adults during WM
tasks [26, 27]. However, smaller P2 [28] and smaller P3
amplitudes [29, 30] in older adults were also reported.
The frontal P2 component reflects early WM processing,
which involves the top-down comparison between sensory inputs and memory representations. Prior studies
using the n-back paradigm have provided robust empirical evidence of the role of P2 in estimating individual differences in WM [31, 32]. N2, which is usually maximal
in the frontal or fronto-central regions at the midline,
relates to stimulus discrimination and conflict monitoring [33], with conflict trials resulting in greater N2 amplitude than non-conflict trials. Additionally, N2 increases
with WM load, as more effort is required due to higher
task demands [34]. Older adults were reported in one
study to have smaller N2 than young adults, indicating
decreased WM processing with aging [26]. The parietal P3 (also called P300) component indicates response
selection and maintenance of the late updating process in
WM. In another study using a WM task involving emotional materials, there was evidence of the later positive potential (LPP) component, a sustained positivity
at midline and parietal sites, rather than the P3 component [31]. While some studies with young adults showed
that negative and positive stimuli elicited larger LPP
amplitude than neutral stimuli [35, 36], others failed to
find an effect of emotional valence on P2 or LPP amplitude [31, 37]. It is still unclear how emotional distractors

Ding et al. BMC Psychology

(2022) 10:251

impact WM-related neural processing in older adults.
Studies using the change-detection task to assess visual
WM provide preliminary evidence of older adults’ deficits in resisting emotionally neutral distractors, and older
adults, compared to young adults, show a deficit in early
filtering process in this task [5, 38]. Thus, there is a lack
of studies on the neurophysiological effect of emotional
distractors on WM processing among older adults.
In the present study we investigated age differences in
the ability to resist interference from emotional distractors during a 2-back task. The n-back task is the most
commonly used paradigm in investigations of agingrelated changes in WM functioning [39]. Participants
were instructed to compare a digit at trial n to that at trial
n − 2. The digit was superimposed on a face with a happy,
angry or neutral facial expression. The emotional distractors appeared in the encoding phase of WM processing,
because greater age-sensitive performance differences
were reported when distractors appeared in the encoding
phase than in the maintenance phase [4]. Age differences
in behavioral performance were examined with response
accuracy and latency, whereas neural differences between
older and young adults were examined with P2, N2 and
LPP amplitudes.
Based on previous research, we hypothesized that older
adults would be less accurate and slower than young
adults on the 2-back task, and they would have larger P2
and LPP, but smaller N2 amplitudes, than young adults
[26, 27, 31, 32]. However, because there have been mixed
findings regarding the effects of age-by-valence interactions on WM performance, and there has been no previous ERP study on the time course in resisting emotional
distractors within WM among older adults, no specific
hypothesis was made regarding the effect of the interaction between age and emotional valence on resistance to
distractors, either at the behavioral or neural level.

Methods
Participants

The required sample size was estimated with power
analysis using G*power 3.1 [40]. Two previous studies
exploring emotional WM performance have yielded an
average effect size f ~ 0.33 [19, 20]. The power analysis
indicated that at least 9 participants in each group would
be required to achieve 80% power to detect an effect
size of this magnitude. To achieve a sample size that is
comparable with previous studies and considering possible drop-out, we aimed to have 30 participants in each
age group. Thirty-three older adults (ages over 60 years
old) were recruited from the community via posters
and word of mouth, and thirty-eight young adults were
recruited from the university via online advertisements.
One older adult and three young adults were excluded
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from the analyses due to technical problems during the
ERP recording; two older adults ended their participation after the practice session, and voluntarily explained
that they found the task boring. Thus, the final sample
consisted of 30 older adults (ages 60–74, 14 female) and
35 young adults (ages 19–26, 18 female). By self-report,
all participants were right-handed, with normal or corrected-to-normal vision, and no history or current diagnosis of psychological disorders or severe brain damage.
The Mini-Mental State Examination (MMSE) [41] was
administered to older adults and all of them scored above
the cutoff point of 23 (M = 27.13, SD = 1.25), indicating
no cognitive impairment.
Confounding factors that might influence the age-byvalence interactions on WM were also considered and
checked as possible control variables. Because the materials included pictures of emotional facial expressions,
we administered the Center for Epidemiological Studies
Depression Scale (CES-D) [42] and the trait subscale of
the State-Trait Anxiety Inventory (STAI-T) [43, 44] to
control for the potential confounding effects of emotional
distress. In addition, the digit-symbol test and the vocabulary test from the Chinese revision of the Wechsler
Adult Intelligence Scale (WAIS-RC) were administered
to estimate and account for age differences in processing
speed and crystalized intelligence [45].
The study was approved by the research ethics committee of Central China Normal University, and written
informed consent was obtained from all participants. The
study took roughly 100 min to complete, and participants
were paid 80 RMB to compensate them for their time and
effort.
Materials

Emotional faces were selected from the Chinese Facial
Affective Picture System (CFAPS) [46], with 28 happy,
28 angry, and 28 neutral facial expressions (14 male pictures and 14 female pictures for each emotion category).
The CFAPS database is accessible to approved researchers and institutes. Eight of each facial expression were
used as stimuli in the practice block and twenty in the
formal experiment. All the emotional faces were blackand-white photographs (7.9 × 6.8°). Based on the CFAPS
norms, ratings of the emotional arousal produced by
the three kinds of emotional expression were equivalent
(M ± SD for happy: 5.67 ± 0.91; angry: 6.15 ± 1.1; neutral:
5.75 ± 0.2), F (2, 81) = 2.626, p = 0.078.
Emotional 2‑back task

The emotional 2-back task (adapted from Zhang et al.
[47]) was programmed with E-prime 2.0 software. Stimuli were presented on a 23.8-inch LED monitor with a
refresh rate of 60 Hz and a resolution of 1920 * 1080 Hz.
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Participants were seated in a comfortable chair in front of
the computer screen, at a viewing distance of 60 cm.
All stimuli were presented on a gray background (RGB:
192, 192, 192). First, a fixation (0.3 × 0.3°) appeared in
the center of the screen for 350 ms, followed by a blank
screen for 300 to 800 ms. A digit superimposed on a face
was then displayed for 2000 ms, followed by a 1000 ms
blank. The digit was randomly selected from the numbers 1 to 9 and was presented in red font. The font size of
the digit stimuli was 34 (visual angle of 1.2°). Participants
were instructed to indicate whether the current digit
was the same as the one at trial n − 2 by pressing “F” or
“J” with their right or left index finger, respectively. The
assignment of keys to indicate “same” or “different” was
counterbalanced across participants (Fig. 1).
There was a practice block of 24 trials. The formal
experiment had two blocks, each with 60 trials. Half of
the trials were “same” trials and half were “different” trials. Each block comprised 20 happy, 20 neutral and 20
negative faces, presented in a pseudorandom sequence.
Each face appeared twice, once within each experimental
block. The formal experiment did not start until participants achieved an accuracy equal to or higher than 60%
during the practice session.
Electroencephalography (EEG) recording and analysis

The EEG signals were recorded with a 64-channel Ag/
AgCl EasyCap™ (Brain Products Gmbh, Germany). The
horizontal electrooculogram (EOG) was recorded as the
voltage between electrodes placed lateral to the external
canthi, and was used to measure horizontal eye movements. The vertical EOG was recorded from an electrode
beneath the right eye and was used to detect blinks and
vertical eye movements. The reference electrode was set
at FCz during recording. The ground point (GND) was
set at the midpoint of FPz and Fz. Electroencephalography data were collected with electrode impedances kept
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below 5 kΩ. The data were digitized with a sampling frequency of 500 Hz and a bandpass filter of 0.05–100 Hz.
Offline analyses were performed using the EEGLAB
[48], an open-source Matlab package. The scalp EEG
signals were referenced to the average of the left and
right mastoids, with a non‐causal Butterworth low‐pass
filter of 30 Hz. The recorded EEG data were segmented
beginning 200 ms prior to the onset of the stimulus until
1000 ms after the onset. All epochs were baseline-corrected with respect to the mean voltage over the 200 ms
preceding the onset of the stimulus. Artifact correction
was performed using independent component analysis (ICA), and components corresponding to horizontal
and vertical eye movements were removed (typically 2–3
components per participant). Then, epochs containing
artifacts exceeding ± 100 µV were removed. Finally, after
removing trials with incorrect responses, older adults
had about 29 ERP trials under each valence condition,
and young adults had about 34 ERP trials under each
valence condition.
The effects of positive, negative, and neutral distractors
on WM processing were measured by examining three
ERP components (P2, N2, and LPP) [49]. The time window of each ERP component was determined based on
visual inspection of the separate wave-forms of older and
young adults, and based on the time window used in previous studies [27, 31]. More specifically, mean P2 amplitude was calculated by averaging amplitude values at five
central-frontal sites: Cz, FC1, FC2, FCz, and Fz, with
the time window of 160–220 ms (older adults) or 150–
210 ms (young adults). Given the extensive evidence that
the N2 is most prominent at midline electrodes [50, 51],
and following visual inspection of the scalp distribution
map, mean N2 amplitude was calculated by averaging
amplitude values at three central-frontal midline sites:
Fz, Cz, and FCz, within the time window of 240–310 ms
(older adults) or 210–280 ms (young adults). Mean LPP
amplitude was calculated by averaging amplitude values

Fig. 1 Example of the 2-back task. Participants were instructed to indicate whether the current digit was the same as the one at trial n − 2
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at four parietal sites: Cz, Pz, CP1, and CP2 [31], within
the time window of 350–600 ms for both older and young
adults. Amplitudes of ERP components at each electrode
of interest are reported in Additional file 1, for each age
group, respectively.
Statistical analyses

Data were analyzed with SPSS 27.0. Trials with RT less
than 100 ms were discarded as deviant [52, 53], and
then only data from trials with correct responses were
included for further analyses. All participants had RT
and accuracy scores that were within three standard
deviations of the group mean. Behavioral data (accuracy,
RT) and ERP data (P2, N2 and LPP amplitudes) were
submitted to five 2 (Age: older adults, young adults) × 3
(Valence: positive, negative, neutral) repeated-measures analyses of covariance (ANCOVAs), with age as
the between-subjects factor, and valence as the withinsubjects factor. Covariates selection discussed in greater
detail below. When the result of an ANCOVA was significant, post hoc testing was conducted to interpret main
effects and interactions. Bonferroni correction was used
and corrected p-values were reported to control for the
increased probability of statistically significant results
due to multiple comparisons.

vocabulary test, t(63) = 0.243, p = 0.809, d = 0.06. Therefore, years of education, CES-D score, STAI-T score and
digit-symbol test score were included in further analyses
as covariates to adjust for possible confounds. All covariates were centered across all participants, with the exception of the performance score on the digit-symbol test,
which was centered within each age group [54], as previous research has suggested slower processing speed in
older adults compared to young adults.
Behavioral results
Accuracy

Behavioral data are presented in Table 2. The 2 (Age:
older adults, young adults) × 3 (Valence: positive, negative, neutral) mixed ANCOVA showed a main effect of
Age, F(1, 59) = 5.288, p = 0.025, ηP2 = 0.082, where young
participants achieved higher accuracy than older adults.
The main effect of Valence was not significant, F(1.74,
118) = 2.254, p = 0.117, ηP2 = 0.037. The Age × Valence
interaction was significant, F(2, 118) = 3.42, p = 0.036, ηP2
= 0.055. Post hoc analysis showed that within the group
of young adults, the accuracy was higher in condition
with negative distractors than in conditions with neutral
or positive distractors (negative vs. neutral: p = 0.004,
d = 1.69; negative vs. positive: p = 0.021, d = 1.03), but

Results
Demographic information

Characteristics of participants in each age group are summarized in Table 1. Older adults received significantly less
education than young adults, t(40.424) = 2.963, p = 0.005,
d = 0.77. Young adults scored higher than older adults
on the CES-D, t(51.796) = 2.464, p = 0.017, d = 0.59, and
on the STAI-T, t(63) = 4.858, p < 0.001, d = 1.21. Young
adults performed better than older adults on the digitsymbol test, t(63) = 11.952, p < 0.001, d = 2.97. Older and
young adults did not differ in their performance on the

Table 2 Behavioral and ERP data on the 2-back task in which
a digit was superimposed on facial expressions of different
emotional valence, by age group

Condition with neutral distractors
Condition with positive distractors
Condition with negative distractors
Response latency (ms)
Condition with positive distractors

Older adults (n = 30)

Young adults
(n = 35)

M

M

SD

Condition with negative distractors
P2 amplitude (μv)

SD

Condition with neutral distractors
Condition with positive distractors

Age

65.5

4.04

20.77

1.61

Condition with negative distractors

Years of education

12.4

2.7

14

1.31

N2 amplitude (μv)

CES-D

8.87

4.7

13.29

9.32

Condition with neutral distractors

STAI-T

29.13

6.79

37.63

7.22

Condition with positive distractors

Digit symbol test

41.1

10.96

73.11

10.59

Vocabulary test

57.2

7.93

57.51

8.99

CES-D the Center for Epidemiological Studies Depression Scale; STAI-T Trait
subscale of the State-Trait Anxiety Inventory. The digit symbol test and the
vocabulary test are from the Chinese revision of the Wechsler Adult Intelligence
Scale (WAIS-RC)

Young adults

M ± SD

M ± SD

Response accuracy (%)

Condition with neutral distractors

Table 1 Participant characteristics, by age group

Older adults

Condition with negative distractors
LPP amplitude (μv)
Condition with neutral distractors
Condition with positive distractors
Condition with negative distractors

88.55 ± 11.00

87.63 ± 13.08

88.03 ± 13.15

93.48 ± 4.19

94.89 ± 4.08

96.48 ± 2.99

1019.39 ± 180.78 808.44 ± 176.95

1046.68 ± 222.04 841.07 ± 196.74
1027.24 ± 190.69 839.11 ± 188.74
10.86 ± 5.48

10.81 ± 5.29

11.69 ± 4.96
3.70 ± 5.34

2.99 ± 4.77

4.46 ± 4.45
2.17 ± 5.13

1.67 ± 5.43

2.62 ± 5.22

6.69 ± 5.18

6.95 ± 5.76

6.84 ± 5.82
2.53 ± 5.43

2.12 ± 5.08

3.36 ± 5.90
3.81 ± 4.70

3.48 ± 4.64

4.21 ± 4.86
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there was no difference in accuracy between the neutral
and positive distractors (p = 0.887, d = 0.65). However,
within the group of older adults, pairwise comparisons
between accuracy in the negative, neutral and positive
valences conditions showed no effect of valence on accuracy (all ps > 0.05) (Fig. 2A). In between-group comparisons, young adults performed better than older adults
in the condition with positive distractors (p = 0.044,
d = 3.26) and in the condition with negative distractors
(p = 0.007, d = 4.40). There was no significant difference
between young and older adults in the condition with
neutral distractors (p = 0.117, d = 2.44). Regarding covariates, the effect of digit-symbol test score on accuracy
was significant, F(1, 59) = 5.167, p = 0.027, ηP2 = 0.081, the
faster processing speed, the more accurate response. No
other significant effects of covariates on accuracy were
found.
RT

The 2 (Age: older adults, young adults) × 3 (Valence: positive, negative, neutral) mixed ANCOVA showed a main
effect of Age, F(1, 59) = 14.46, p < 0.001, ηP2 = 0.197. Older
adults were slower than young adults, indicating lower
processing efficiency. The main effect of Valence was also
significant, F(1.573, 118) = 4.149, p = 0.027, ηP2 = 0.066.
Compared to neutral distractors, positive and negative
distractors elicited slower responses (positive vs. neutral: p = 0.023, d = 2.97; negative vs. neutral: p = 0.037,
d = 2.85), but there was no difference in RT between
positive and negative distractors, p > 0.99, d = 0.87. The
Age × Valence interaction on RT was not significant, F(2,
118) = 0.271, p = 0.763, ηP2 = 0.005 (Fig. 2B). No significant effects of covariates on RT were found.
ERP results

Three 2 (Age: older adults, young adults) × 3 (Valence:
positive, negative, neutral) mixed ANCOVAs were
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conducted on P2, N2 and LPP amplitudes (Table 2,
Fig. 3). For P2 amplitude, there was a significant main
effect of Age, F(1, 59) = 6.665, p = 0.012, ηP2 = 0.101,
with older adults showing higher P2 amplitude than
young adults. The main effect of Valence, and the twoway interaction between Age and Valence, were not
significant, F(2, 118) = 1.52, p = 0.223, ηP2 = 0.025; F (2,
118) = 1.068, p = 0.347, ηP2 = 0.018. One of the covariates,
the CES-D score, had a significant main effect on P2, F(1,
59) = 4.272, p = 0.043, ηP2 = 0.068, the more severe symptoms of depression, the smaller P2 amplitude. No other
covariate had a significant effect on P2 amplitude.
For N2 amplitude, there was a significant main effect of
Valence, F(2, 118) = 8.17, p < 0.001, ηP2 = 0.122. Negative
distractors elicited a smaller N2 amplitude than positive
distractors (p < 0.001, d = 4.89), but there was no difference between negative and neutral distractors (p = 0.085,
d = 2.27), or between neutral and positive distractors
(p = 0.427, d = 1.50). The main effect of Age, and the
two-way interaction between Age and Valence, were not
significant, F(1, 59) = 1.587, p = 0.213, ηP2 = 0.026; F(2,
118) = 0.299, p = 0.742, ηP2 = 0.005. No significant effects
of covariates were found.
For LPP amplitude, there was no significant main effect
of Age, F(1, 59) = 3.156, p = 0.081, ηP2 = 0.051, main effect
of Valence, F(2, 118) = 2.676, p = 0.073, ηP2 = 0.043, or
two-way interaction effect, F(2, 118) = 0.561, p = 0.572,
ηP2 = 0.009. The covariate CES-D score had a significant
main effect on LPP, F(1, 59) = 5.888, p = 0.018, ηP2 = 0.091,
the more severe symptoms of depression, the smaller
LPP amplitude. No other significant effects of covariates
were found.
Exploratory correlation analysis between WM performance
and ERP measures

As the ERP analysis revealed a significant age difference on P2 amplitude, independent of the valence of

Fig. 2 Covariate-adjusted means of response accuracy (A) and reaction time (B) across three conditions of emotional distractors in older and
young adults. Error barsrepresent the standard error
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Fig. 3 Grand-average ERP waveforms across three conditions of emotional distractors in the n-back task in older and young adults. The P2
amplitude was calculated as the average amplitude at Cz, FC1, FC2, FCz, and Fz; the N2 amplitude was calculated as the average amplitude at Fz, Cz
and FCz; the LPP amplitude was calculated as the average amplitude at Cz, Pz, CP1 and CP2. Dotted rectangles represent the time windows used for
the analysis of each ERP component

distractors, we conducted an exploratory analysis of
correlations between task performance (accuracy, RT)
and P2 amplitude within each age group. A significant

correlation between accuracy and P2 amplitude was
found within the group of older adults, r =  − 0.525,
p = 0.006, but not within the group of young adults,
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r = 0.234, p = 0.204. Thus, greater P2 amplitudes were
related to poorer WM performance in older adults. There
was no significant correlation between RT and P2 amplitude, either for older adults, r = 0.039, p = 0.851, or for
younger adults, r =  − 0.131, p = 0.482.

Discussion
Prior work showed that older adults performed worse
than young adults in resisting distractors in WM tasks.
However, there is little research on how emotional distractors impact WM function in older adults, or on the
neural correlates of resistance to emotional distractors.
The present study used behavioral and ERP measures to
investigate how emotional distractors impact WM processing in older and young adults. As expected, behavioral results showed that older adults performed more
poorly and were slower in resisting distractors than
young adults. In addition, an age-by-valence interaction
was found for response accuracy, in young adults, negative distractors created a smaller interference effect than
positive or neutral distractors. By contrast, there was no
evidence of an effect of emotional valence on older adults’
resistance to distractors. Together, these behavioral
results of decreases in negativity bias with aging provide
evidence of age-related positivity effect in WM. The ERP
analysis revealed age differences on P2 amplitude but not
on N2 or LPP, with greater P2 in older adults than young
adults. In both age groups, there was a smaller N2 in the
condition with negative distractors than in the condition
with positive distractors. The inconsistency between the
behavioral and neural results raises the possibility that
there are multiple mechanisms underlying the positivity
effect in WM.
At the behavioral level, an age-related positivity effect
in WM was found, evidenced by the effect of an age-byvalence interaction effect on response accuracy. More
specifically, the finding suggests age-related reductions
in negativity bias. Similar age-related reductions were
observed when the emotional contents were relevant
to the task demand [9, 19]. This pattern is also in line
with the theoretical predictions of SST, further confirming the fading in negativity bias from youth to old age [6].
However, because measures of general cognitive function
were not included, the present research did not enable a
direct test of the relation between cognitive abilities and
the positivity effect. Therefore, we could not compare
the explanatory value of the second-generation theoretical models. Nevertheless, a recent study examining agerelated positivity effects in visual attention and episodic
memory found no evidence of associations between
cognitive capabilities and positivity effects [55]. Further
clarification of the role of cognitive functions in shaping
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positivity effects in WM could help with theoretical
integration.
In young adults, negative distractors facilitated WM
performance more than positive and neutral distractors
did. This finding is consistent with the literature, demonstrating negativity bias in young people [9, 10, 56]. Likewise, a previous study showed that low-arousal negative
distractors enhanced attentional performance compared
with positive and neutral distractors [57]. By contrast,
older adults’ WM performance was similar in response
to the positive, negative, and neutral distractors. These
results are consistent with previous findings showing
that WM performance in older adults was not affected
by the emotional valence of distractors [18, 24, 58]. For
example, in Madill and Murray’s study [18], the interfering effect of emotional distractors on a digit identification
task was examined with the flanker task. Older adults
responded more slowly than young adults, but this effect
was not modulated by valence of distracting emotional
images. The 2-back task is cognitively demanding, especially for older adults, as it requires continuous monitoring, updating, and manipulation of WM representations
[59]. To manage these task demands, older adults might
prioritize task goals rather than emotional goals, and use
explicit strategies to control interference from distraction, for example by selectively focusing attention on
digits that are goal-relevant [18, 60, 61]. This selectivity
likely contributes to the attenuated effect of valence on
WM performance in older adults. Furthermore, we note
that some other studies reported that negative distractors elicited greater intrusion than neutral distractors on
the WM performance of older adults [22, 23, 62], which
raises questions about the reliability and robustness of
the age-related positivity effect in WM.
Age-related alterations in the neurophysiological processing of WM were found only on P2 amplitude, with
older adults having a more positive P2 amplitude than
young adults, independent of emotional valence. This
pattern is consistent with the findings of previous studies that used a basic n-back task with numerical stimuli
and found greater P2 in older adults [26, 27]. The frontal
P2 ERP component has been linked to post-perceptual
selective attention and early WM encoding. Therefore,
the larger P2 might reflect difficulties in older adults in
comparing the incoming stimulus with the mental representation of the previous stimulus during the early
(encoding) phase of WM processing. Similarly, a previous study showed that depressed participants, who were
characterized by deficits in WM, had greater P2 amplitude than nondepressed participants across neutral and
emotional WM conditions [31]. It might also be possible that the greater P2 in older adults reflects effort
in attempting to compensate for age-related declines in
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WM function. However, in the current study there was a
negative association between P2 amplitude and accuracy,
contradicting the compensation account. By contrast,
there were no significant associations between P2 amplitude and response latency, and thus the longer latency in
older adults might reflect a general slowing that does not
relate to specific WM operations. This further demonstrates that response accuracy and latency represent two
independent indicators of WM function [63].
A smaller N2 was found for negative distractors compared to positive distractors in both age groups. The N2
amplitude reflects attentional conflict processing, which
is more negative for conflict trials compared to non-conflict trials [33, 64]. Previous studies of young adults also
found smaller interference from negative distractors than
positive distractors [58], and N2 was smaller for angry
faces than happy faces [65]. In the current study, the
behavioral results showed that both negative and positive distractors were associated with slower responses
than neutral distractors, suggesting that both negative
and positive distractors are emotionally salient and are
prioritized in capturing attention. However, negative
stimuli have adaptive value in evolution, and people usually attend to and process negative information relatively
automatically. Whereas distractor resistance and target
processing compete for the limited cognitive resources of
WM, when less cognitive control is required in resolving
conflict from negative emotional distractors, the target is
processed more efficiently [66], reflected in the smaller
N2. Regarding the effect of age on N2, contrary to our
hypothesis, no significant age difference was observed.
This null result is inconsistent with previous studies that
reported smaller N2 amplitudes in older adults than
young adults in a numeric n-back task [26, 27], but no
distractors were involved in these studies. In addition,
one study found that when older adults were classified
as having high or low WM, no difference in N2 between
either older adult group and their young adult counterparts [26], suggesting a confounding effect of individual
difference in WM task performance on N2 amplitude.
Age was not found to have a significant effect on the
LPP amplitude, which was not consistent with our predictions. Studies in emotional memory have reported
evidence for the positivity effect on LPP amplitude, especially on the later portion of LPP [67, 68]. The LPP in this
study may index the later maintenance process during
WM updating. While early WM processing is relatively
effortful, late WM processing is relatively automatic [69]
and this explains why age-related impairment appears
only during the early process of WM [35, 70]. In addition,
there was no difference on LPP across the three valence
conditions. Another study also reported similar LPP
amplitudes across the three emotional valence conditions
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in a 2-back task with emotional words [31]. These findings, however, are not completely consistent with previous studies. For example, multiple studies have found a
greater LPP amplitude for emotional distractors than
neutral distractors [35, 36, 71]. A significant source of the
inconsistency might be the phase of WM in which the
distractor was displayed. Whereas distractors were displayed during WM maintenance in these previous studies, distractors were displayed during WM encoding in
the present study. Studies exploring the effects of distractors on WM performance have demonstrated that people
are affected differently by distractors displayed at encoding or during the maintenance period [72, 73]. In addition, the recent literature suggests that the magnitude of
the LPP component might be a robust measure of WM
load, with smaller LPP under higher WM load [74–76].
As such, it would be interesting to further investigate
how the interaction between WM load and the emotional
valence of distractors may impact the time course of distractor resistance across different age groups.
In this study we combined behavioral and neurophysiological measures to investigate how emotional distractors impact WM performance in older and young adults.
Discrepancies between behavioral and ERPs results
challenge conclusions made about age-related positivity
effects in WM. Yet, it is noteworthy that research has suggested that there are multiple sources of age differences
in interference control [77, 78], and behavioral and neural measures may elucidate different facets of age-related
changes in emotional WM processing [79]. The current
findings have important implications for future studies
of how emotion distractors impact WM performance in
older adults. For example, the functional imaging technique has been used to determine the neural mechanism
underlying emotional distractor resistance during WM
in young adults [80, 81]. By combining the neuroimaging
method with ERP measurement, future research could
examine how emotional distractors alter brain activation
patterns over a longer time period, and whether neural
reorganization and compensation in aging occur [82].
Furthermore, recent research extended the SST and supported a dual-process account of the positivity effect [83,
84]. This model raises intriguing questions about how
aging might have a different effect on the automatic and
effortful control of interference from emotional distractors. Further research should therefore aim to identify
the factors that modulate the magnitude and direction of
age differences in resisting emotional distractors in WM
[85].
Limitations

The present study has some limitations. First, our participants were not matched on level of depression or
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anxiety. Although these variables were included as
covariates, further investigation is required in groups
of participants with similar levels of emotional distress.
Secondly, while we selected faces from the CAPS based
on normative ratings, the valence and arousal ratings
of facial expressions might differ between age groups.
For example, older adults were found in other research
to have greater difficulty identifying negative emotions, and they rated emotional faces as more arousing than their young counterparts did [86]. Thirdly,
a recent study revealed age-related differences in the
sequential modulation of effects of emotion on cognitive performance [87], and the present findings might
be confounded by the sequence of emotional faces.

Conclusions
This work investigated the behavioral and neurophysiological effects of emotional distractors on WM processing in older and young adults. The behavioral results
provided support for the age-related positivity effect
in WM, which was evidenced in the current study as
a reduction in negativity bias with aging. The neurophysiological results showed that compared to young
adults, older adults displayed larger P2 amplitude in
the early WM encoding phase; however, this age difference did not vary across emotional valences. This discrepancy between the behavioral and neural findings
suggests that there may be multiple mechanisms underlying the positivity effect in WM. The nature and source
of these intriguing age differences should be further
examined, which could help to determine which theoretical approach provides the best explanation for this
phenomenon.
Abbreviations
WM: Working memory; LPP: Later positive potential; RT: Reaction time.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40359-022-00953-y.
Additional file 1. Amplitudes of ERP components at each electrode of
interest, for each age group, respectively.
Acknowledgements
The research team would like to thank all the participants of this study. The
authors also thank the anonymous reviewers for thoughtful comments and
helpful suggestions on the earlier version of the manuscript.
Author contributions
LJD contributed to the collection, analysis, and interpretation of the data, and
to writing the first draft of the manuscript. SSZ contributed to the analysis
and interpretation of the data, and to reviewing and editing the final draft. MP
contributed to the writing, reviewing, and editing of the final draft. XL contrib‑
uted to the conceptualization of the study, to the study design, data analysis

Page 10 of 12

and interpretation, and to reviewing and editing the final draft. All authors
read and approved the final manuscript.
Funding
This study was supported by a grant from the MOE (Ministry of Education
in China) Project of Humanities and Social Sciences (17YJC190014), National
Natural Science Foundation of China (31700957), and Key Laboratory of
Adolescent Cyberpsychology and Behavior Central China Normal University
(CCNU), Ministry of Education (2019B06).
Availability of data and materials
The datasets used and analyzed in the current study are available from the
corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was approved by the research ethics committee of Central China
Normal University and conducted in accordance with its standards. Written
informed consent was obtained from all participants.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Key Laboratory of Adolescent Cyberpsychology and Behavior (CCNU), Minis‑
try of Education, Wuhan, China. 2 School of Psychology, Central China Normal
University, No. 382, XiongChu Road, Hongshan District, Wuhan 430079, Hubei
Province, China.
Received: 31 May 2022 Accepted: 19 October 2022

References
1. Hasher L: Inhibitory deficit hypothesis. In: The encyclopedia of adulthood
and aging. edn. Edited by Whitbourne SK: John Wiley & Sons, Inc.; 2015:
1–5.
2. Rey-Mermet A, Gade M. Inhibition in aging: What is preserved? What
declines? A meta-analysis. Psychon Bull Rev. 2018;25(5):1695–716.
3. Weeks JC, Grady CL, Hasher L, Buchsbaum BR. Holding on to the past:
older adults show lingering neural activation of no-longer-relevant items
in working memory. J Cogn Neurosci. 2020;32(10):1946–62.
4. McNab F, Zeidman P, Rutledge RB, Smittenaar P, Brown HR, Adams RA,
Dolan RJ. Age-related changes in working memory and the ability to
ignore distraction. Proc Natl Acad Sci USA. 2015;112(20):6515–8.
5. Jost K, Bryck RL, Vogel EK, Mayr U. Are old adults just like low working
memory young adults? Filtering efficiency and age differences in visual
working memory. Cereb Cortex. 2011;21(5):1147–54.
6. Carstensen LL, DeLiema M. The positivity effect: a negativity bias in youth
fades with age. Curr Opin Behav Sci. 2018;19:7–12.
7. Reed AE, Chan L, Mikels JA. Meta-analysis of the age-related positivity
effect: age differences in preferences for positive over negative informa‑
tion. Psychol Aging. 2014;29(1):1–15.
8. Mather M, Carstensen LL. Aging and attentional biases for emotional
faces. Psychol Sci. 2003;14(5):409–15.
9. Mikels JA, Larkin GR, Reuter-Lorenz PA, Cartensen LL. Divergent trajecto‑
ries in the aging mind: changes in working memory for affective versus
visual information with age. Psychol Aging. 2005;20(4):542–53.
10. Charles ST, Mather M, Carstensen LL. Aging and emotional memory: the
forgettable nature of negative images for older adults. J Exp Psychol Gen.
2003;132(2):310–24.
11. Carstensen LL. The influence of a sense of time on human development.
Science. 2006;312(5782):1913–5.

Ding et al. BMC Psychology

(2022) 10:251

12. Charles ST, Hong J. Second generation socioemotional selectivity
theories. In: Encyclopedia of geropsychology. edn. Edited by Pachana NA.
Singapore: Springer Singapore; 2017: 2114–19.
13. Reed AE, Carstensen LL. The theory behind the age-related positivity
effect. Front psychol. 2012;3:339.
14. Mather M, Knight M. Goal-directed memory: the role of cognitive control
in older adults’ emotional memory. Psychol Aging. 2005;20(4):554–70.
15. Cacioppo JT, Berntson GG, Bechara A, Tranel D, Hawkley LC. Could an
aging brain contribute to subjective well-being? The value added by
a social neuroscience perspective. In: Todorov A, Fiske ST, Prentice DA,
editors. Social neuroscience: toward understanding the underpinnings of
the social mind. New York: Oxford University Press; 2011. p. 249–62.
16. Labouvie-Vief G, Grühn D, Studer J. Dynamic integration of emotion and
cognition: equilibrium regulation in development and aging. In: Lerner
RM, Lamb ME, Freund AM, editors. The handbook of life-span develop‑
ment, volume 2, social and emotional development. Hoboken: Wiley;
2010. p. 79–115.
17. Bermudez T, Souza AS. Can emotional content reduce the age gap
in visual working memory? Evidence from two tasks. Cogn Emot.
2017;31(8):1676–83.
18. Madill M, Murray JE. Processing distracting non-face emotional images:
no evidence of an age-related positivity effect. Front Psychol. 2017;8:591.
19. Majerus S, D’Argembeau A. Verbal short-term memory reflects the organi‑
zation of long-term memory: further evidence from short-term memory
for emotional words. J Mem Lang. 2011;64(2):181–97.
20. Mammarella N, Borella E, Carretti B, Leonardi G, Fairfield B. Examining an
emotion enhancement effect in working memory: evidence from agerelated differences. Neuropsychol Rehabil. 2013;23(3):416–28.
21. Ding LJ, Li X, Yin SF. Positivity effects in working memory: the
effects of emotional valence and task relevance. Adv Psychol Sci.
2021;29(4):652–64.
22. Borg C, Leroy N, Favre E, Laurent B, Thomas-Anterion C. How emotional
pictures influence visuospatial binding in short-term memory in ageing
and Alzheimer’s disease? Brain Cogn. 2011;76(1):20–5.
23. Berger N, Richards A, Davelaar EJ. Differential effects of angry faces on
working memory updating in younger and older adults. Psychol Aging.
2018;33(4):667–73.
24. Oren N, Ash EL, Tarrasch R, Hendler T, Giladi N, Shapiralichter I. Neural pat‑
terns underlying the effect of negative distractors on working memory in
older adults. Neurobiol Aging. 2017;53:93–102.
25. Ziaei M, Samrani G, Persson J. Age differences in the neural response to
emotional distraction during working memory encoding. Cogn Affect
Behav Neurosci. 2018;18(5):869–83.
26. Morrison C, Kamal F, Taler V. The influence of working memory perfor‑
mance on event-related potentials in young and older adults. Cogn
Neurosci. 2019;10(3):117–28.
27. Morrison C, Taler V. ERP measures of the effects of age and bilingualism
on working memory performance. Neuropsychologia. 2020;143: 107468.
28. Finnigan S, O’Connell RG, Cummins TDR, Broughton M, Robertson IH. ERP
measures indicate both attention and working memory encoding decre‑
ments in aging. Psychophysiology. 2011;48(5):601–11.
29. Saliasi E, Geerligs L, Lorist MM, Maurits NM. The relationship between P3
amplitude and working memory performance differs in young and older
adults. PLoS ONE. 2013;8(5): e63701.
30. Pergher V, Wittevrongel B, Tournoy J, Schoenmakers B, Van Hulle MM.
Mental workload of young and older adults gauged with ERPs and
spectral power during N-Back task performance. Biol Psychol. 2019;146:
107726.
31. Zhang D, Xie H, He Z, Wei Z, Gu R. Impaired working memory updat‑
ing for emotional stimuli in depressed patients. Front Behav Neurosci.
2018;12:65.
32. Yuan Y, Leung AW, Duan H, Zhang L, Zhang K, Wu J, Qin S. The effects of
long-term stress on neural dynamics of working memory processing: an
investigation using ERP. Sci Rep. 2016;6:23217.
33. Folstein JR, Van Petten C. Influence of cognitive control and mis‑
match on the N2 component of the ERP: a review. Psychophysiology.
2008;45(1):152–70.
34. Pinal D, Zurron M, Diaz F. Effects of load and maintenance duration on the
time course of information encoding and retrieval in working memory:
from perceptual analysis to post-categorization processes. Front Hum
Neurosci. 2014;8:165.

Page 11 of 12

35. Barley B, Bauer EA, Wilson KA, MacNamara A. Working memory load
reduces the electrocortical processing of positive pictures. Cogn Affect
Behav Neurosci. 2021;21(2):347–54.
36. MacNamara A, Ferri J, Hajcak G. Working memory load reduces the late
positive potential and this effect is attenuated with increasing anxiety.
Cogn Affect Behav Neurosci. 2011;11(3):321–31.
37. Yuan S, Xu M, Zhao J, Zhu Y, Yang D. Trust violations affect the emotional
working memory updating: an event-related brain potential study. Int J
Psychophysiol. 2022;2022(179):67–76.
38. Schwarzkopp T, Mayr U, Jost K. Early selection versus late correction:
age-related differences in controlling working memory contents. Psychol
Aging. 2016;31(5):430–41.
39. Bopp KL, Verhaeghen P. Aging and n-back performance: a meta-analysis. J
Gerontol B Psychol Sci Soc Sci. 2020;75(2):229–40.
40. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Methods. 2009;41(4):1149–60.
41. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189–98.
42. Zhang J, Wu Z-Y, Fang G, Li J, Han B-X, Chen Z-Y. Development of
the Chinese age norms of CES-D in urban area. Chin Ment Health J.
2010;25(2):139–43.
43. Shek DT. The Chinese version of the State-Trait Anxiety Inventory: its rela‑
tionship to different measures of psychological well-being. J Clin Psychol.
1993;49(3):349–58.
44. Spielberger CD. Manual for the state-trait anxiety inventory. Palo Alto:
Consulting Psychologists Press; 1983.
45. Gong YX. Revision of Wechsler’s Adult Intelligence Scale in China. Acta
Psychol Sin. 1983;15(3):121–9.
46. Gong X, Huang Y-X, Wang Y, Luo Y-J. Revision of the Chinese facial affec‑
tive picture system. Chin Ment Health J. 2011;25(1):40–6.
47. Zhang Y, Li H, Zhao SY, Sun LJ, Luo Y. How the task irrelevant emotional
stimulus affect the information refreshing of working memory: an ERP
study. J Psychol Sci. 2016;39(1):2–7.
48. Delorme A, Makeig S. EEGLAB: an open source toolbox for analysis of
single-trial EEG dynamics including independent component analysis. J
Neurosci Methods. 2004;134(1):9–21.
49. Ahumada-Méndez F, Lucero B, Avenanti A, Saracini C, Muñoz-Quezada
MT, Cortés-Rivera C, Canales-Johnson A. Affective modulation of
cognitive control: a systematic review of EEG studies. Physiol Behav.
2022:113743.
50. Feldman JL, Freitas AL. An analysis of N2 event-related-potential cor‑
relates of sequential and response-facilitation effects in cognitive control.
J Psychophysiol. 2019;33(2):85–95.
51. Lamm C, Zelazo PD, Lewis MD. Neural correlates of cognitive control in
childhood and adolescence: disentangling the contributions of age and
executive function. Neuropsychologia. 2006;44(11):2139–48.
52. Sawaki R, Luck SJ. Active suppression of distractors that match the con‑
tents of visual working memory. Vis Cogn. 2011;19(7):956–72.
53. Li X, Xiao Y-H, Zou L-Q, Li H-H, Yang Z-Y, Shi H-S, Lui SSY, et al. The effects
of working memory training on enhancing hedonic processing to affec‑
tive rewards in individuals with high social anhedonia. Psychiatry Res.
2016;245:482–90.
54. Schneider BA, Avivi-Reich M, Mozuraitis M. A cautionary note on the use
of the Analysis of Covariance (ANCOVA) in classification designs with and
without within-subject factors. Front Psychol. 2015;6:474.
55. Barber SJ, Lopez N, Cadambi K, Alferez S. The limited roles of cognitive
capabilities and future time perspective in contributing to positivity
effects. Cognition. 2020;200: 104267.
56. Meng X, Yang J, Cai AY, Ding XS, Liu W, Li H, Yuan JJ. The neural mecha‑
nisms underlying the aging-related enhancement of positive affects:
electrophysiological evidences. Front Aging Neurosci. 2015;7:143.
57. Sussman TJ, Heller W, Miller GA, Mohanty A. Emotional distractors can
enhance attention. Psychol Sci. 2013;24(11):2322–8.
58. Berger N, Richards A, Davelaar EJ. When emotions matter: focusing on
emotion improves working memory updating in older adults. Front
Psychol. 2017;8:1565.
59. Wild-Wall N, Falkenstein M, Gajewski PD. Age-related differences in work‑
ing memory performance in a 2-back task. Front Psychol. 2011;2:186.

Ding et al. BMC Psychology

(2022) 10:251

60. Straub E, Kiesel A, Dignath D. Cognitive control of emotional distrac‑
tion—Valence-specific or general? Cogn Emot. 2020;34(4):807–21.
61. Swirsky LT, Spaniol J. Cognitive and motivational selectivity in healthy
aging. Wiley Interdiscip Rev Cogn Sci. 2019;10(6): e1512.
62. Truong L, Yang L. Friend or foe? Decoding the facilitative and disruptive
effects of emotion on working memory in younger and older adults.
Front Psychol. 2014;5:94.
63. Yoon KL, LeMoult J, Joormann J. Updating emotional content in work‑
ing memory: a depression-specific deficit? J Behav Ther Exp Psychiatry.
2014;45(3):368–74.
64. Fernández S, Ortells JJ, Kiefer M, Noguera C, De Fockert JW. Working
memory capacity modulates expectancy-based strategic processing:
Behavioral and electrophysiological evidence. Biol Psychol. 2021;159:
108023.
65. Van Dillen LF, Derks B. Working memory load reduces facilitated process‑
ing of threatening faces: an ERP study. Emotion. 2012;12(6):1340–9.
66. Liesefeld HR, Liesefeld AM, Sauseng P, Jacob SN, Müller HJ. How visual
working memory handles distraction: cognitive mechanisms and electro‑
physiological correlates. Vis Cogn. 2020;28(5–8):372–87.
67. Langeslag SJ, van Strien JW. Aging and emotional memory: the co-occur‑
rence of neurophysiological and behavioral positivity effects. Emotion.
2009;9(3):369–77.
68. Gallant SN, Pun C, Yang L. Age differences in the neural correlates under‑
lying control of emotional memory: an event-related potential study.
Brain Res. 2018;1697:83–92.
69. Ranganath C, Cohen MX, Brozinsky CJ. Working memory maintenance
contributes to long-term memory formation: Neural and behavioral
evidence. J Cogn Neurosci. 2005;17(7):994–1010.
70. Stormer VS, Li SC, Heekeren HR, Lindenberger U. Normative shifts of
cortical mechanisms of encoding contribute to adult age differences in
visual-spatial working memory. Neuroimage. 2013;73:167–75.
71. Yang H, Li J, Zheng X. Different influences of negative and neutral emo‑
tional interference on working memory in trait anxiety. Front Psychol.
2021;12: 570552.
72. Maniglia MR, Souza AS. Age differences in the efficiency of filtering and
ignoring distraction in visual working memory. Brain Sci. 2020;10(8).
73. McNab F, Dolan RJ. Dissociating distractor-filtering at encoding and dur‑
ing maintenance. J Exp Psychol Hum Percept Perform. 2014;40(3):960–7.
74. Adamczyk AK, Wyczesany M, van Peer JM. High working memory load
impairs reappraisal but facilitates distraction—an event-related potential
investigation. Biol Psychol. 2022;171: 108327.
75. MacNamara A, Jackson TB, Fitzgerald JM, Hajcak G, Phan KL. Working
memory load and negative picture processing: neural and behavioral
associations with panic, social anxiety, and positive affect. Biol Psychiatry
Cogn Neurosci Neuroimaging. 2019;4(2):151–9.
76. Minamoto T, Shipstead Z, Osaka N, Engle RW. Low cognitive load
strengthens distractor interference while high load attenuates when
cognitive load and distractor possess similar visual characteristics. Atten
Percept Psychophys. 2015;77(5):1659–73.
77. Lustig C, Jantz T. Questions of age differences in interference control:
When and how, not if? Brain Res. 2015;1612:59–69.
78. Gajewski PD, Ferdinand NK, Kray J, Falkenstein M. Understanding sources
of adult age differences in task switching: Evidence from behavioral and
ERP studies. Neurosci Biobehav Rev. 2018;92:255–75.
79. van Moorselaar D, Lampers E, Cordesius E, Slagter HA. Neural mecha‑
nisms underlying expectation-dependent inhibition of distracting
information. Elife. 2020;9.
80. Anticevic A, Repovs G, Barch DM. Resisting emotional interference: brain
regions facilitating working memory performance during negative
distraction. Cogn Affect Behav Neurosci. 2010;10(2):159–73.
81. Dolcos F, Iordan AD, Kragel J, Stokes J, Campbell R, McCarthy G, Cabeza R.
Neural correlates of opposing effects of emotional distraction on working
memory and episodic memory: an event-related fMRI investigation. Front
Psychol. 2013;4:293.
82. Mather M. The affective neuroscience of aging. Annu Rev Psychol.
2016;67:213–38.
83. Gronchi G, Righi S, Pierguidi L, Giovannelli F, Murasecco I, Viggiano MP.
Automatic and controlled attentional orienting in the elderly: a dualprocess view of the positivity effect. Acta Psych. 2018;185:229–34.

Page 12 of 12

84. Panebianco M, Caprì T, Panebianco M, Fabio R. The role of automatic and
controlled processes in the positivity effect for older adults. Aging Clin
Exp Res. 2022;34:1–7.
85. Young NA, Mikels JA. Paths to positivity: the relationship of age differ‑
ences in appraisals of control to emotional experience. Cogn Emot.
2020;34(5):1010–9.
86. Di Domenico A, Palumbo R, Mammarella N, Fairfield B. Aging and
emotional expressions: is there a positivity bias during dynamic emotion
recognition? Front Psychol. 2015;6:1130.
87. Roquet A, Lallement C, Lemaire P. Sequential modulations of emotional
effects on cognitive performance in young and older adults. Motiv Emot.
2022;46:366–81.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

