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Abstract: Greater well-being in older adults stems from more effective emotion regulation strategies,
highlighting the role of cognitive control. However, cognitive control involves different subsystems,
and it is still unclear whether different subsystems have different effects on different emotional
information processing. The Dual Mechanisms of Control (DMC) theory postulates that cognitive
control can operate in two distinct modes, namely proactive control (a “proactive” preparatory mode)
and reactive control (a “reactive” wait-and-see mode). This study created an emotional AX-CPT task
to explore differences in cognitive control tradeoff between youth and older adults when processing
emotional information. The results found that youth had significantly higher error rates on the
emotional-neutral sequence than older adults regardless of the valence of emotional information; only
in the negative condition did older adults have higher error rates on both the sad-sad and neutral-sad
sequences than youth; this phenomenon was not found in the positive condition. The study showed
that, in emotional information processing, youth preferred proactive control over older adults; in
negative information processing, older adults preferred reactive control strategies over youth; in
positive information processing, older adults showed a similar cognitive control pattern to youth,
and proactive control was enhanced.

Keywords: proactive control; reactive control; emotional information processing; aging

1. Introduction

People become happier with age and show a “positivity effect” on emotional pro-
cessing, i.e., a greater focus on positive rather than negative stimuli [1,2]. The reason
for this phenomenon may be related to the fact that older adults regulate emotions more
effectively [3,4]. For this reason, age differences in cognitive processes, and their effects on
emotion regulation, have become a hot topic of research. Cognitive strategies can focus on
positive information and suppress negative information to enhance emotional well-being,
resulting in “positivity effects” on attention and memory [5].

Socioemotional Selectivity Theory (SST) is a lifespan development theory related to
motivation [6]. From the perspective of motivation, the theory suggested that the elderly
show positivity effects in emotional information processing in order to achieve the emo-
tional goal of improving and maintaining their own positive emotional experience, thus
preferentially allocating limited cognitive resources to the processing of emotional informa-
tion, especially positive information [1,7,8]. Selective cognitive processing is a component
of effective emotion regulation [9], and the cognitive control hypothesis suggested that
prioritizing the achievement of emotional goals in older adults required cognitive effort.
Therefore, only the elderly with high cognitive control function or adequate cognitive re-
sources will show stronger positivity effects [10], which emphasized that cognitive control
played a key role.

Cognitive control refers to the psychological process in which individuals flexibly
adjust and control their cognition and behavior by inhibiting inappropriate behavior
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impulses according to current task objectives [11,12]. This process directly determines the
individual’s thoughts and behaviors, especially when the individual is faced with the task
situation of interference or conflict. In order to achieve the final task, cognitive control plays
a crucial role. Cognitive control allows individuals to allocate attention and memory in
various ways to satisfy emotional needs [13]. Previous studies on cognitive processing have
confirmed that aging leads to cognitive decline in the elderly [14–16]. Inhibition deficit
theory and goal maintenance theory have proposed a direct mechanism of age-related
cognitive control deficit [17,18].

Empirical studies have been conducted to examine the role of cognitive control as
an integrated function more in terms of the level of executive function, or the number of
cognitive resources, in emotional information processing in youth and older adults. For
example, the positive effects on situational memory or attention in older adults disappear
when attention is distracted [19–21]. Older adults who can exercise more flexible top-down
control under a distraction task pay more attention to positive information [3]. Yet cognitive
control involves different subsystems [22]. Braver proposed that Dual Mechanisms of
Cognitive Control Account (DMC) divides cognitive control into proactive control and
reactive control, which provides a new perspective for understanding cognitive control [23].
Proactive control is similar to the above definition of cognitive control. It refers to a cue-
driven control in which the individual forms a corresponding response preparation to
complete the cognitive task according to the cue information before the response and is
greatly influenced by top-down information processing [24]. Proactive control prevents
conflict by maintaining the representation of cue information before response, which is
an early selection process and can control behavior more effectively. However, it relies
on reliable cue information and requires more cognitive and physiological resources to
maintain the continuous representation of cue information. Reactive control refers to the
probe-driven control that individuals who complete cognitive tasks by reactivating task-
related cues when they are about to respond [24], which is greatly influenced by external
information input. Reactivity control is a kind of late modification processing, in which
there is less information representation, less reaction-related preparation, and not too much
cognitive load. Compared with proactive control, it has a better adaptability and lower
resource consumption, but its control effect is not ideal. Thus, individuals are free to choose
one, or weigh between the two modalities according to the current task requirements,
adjusting their weights to form the most beneficial control mode for the task [25].

Previous studies have mainly examined the effects of reward and emotional state
on cognitive control performance in youth [26–29]. It is found that reward motivation
leads individuals to prefer proactive control [26,28,30]. A recent fNIRS study found that
individuals invested more cognitive resources to represent cue information in the cue stage
under the condition of expected punishment, which made individuals prefer proactive
control strategies [31]. There are still no consistent conclusions about the influence of
emotion on cognitive control. For example, some studies have found that a negative
emotional state causes damage to proactive control and reactive control [32,33], while some
researchers found that a negative emotional state can improve the performance of task
switching [34]. Positive emotions can reduce an individual’s proactive control but have
little influence on reactive control [35]. However, some researchers found that positive
emotions enhanced the flexibility of working memory representation, and reactive control
was improved, while proactive control was not affected [36]. In addition, the natural decline
in prefrontal function in older adults impaired the ability to maintain representations, thus
shifting individuals from proactive to reactive control as they age [37–39].

Emotion regulation goals dominate in old age. Therefore, it is reasonable to speculate
that older adults’ performance of cognitive control tradeoff in the processing of different
emotional information is likely to be different from that of youth. This study focuses on
changes in cognitive control tradeoff in older adults when processing emotional information
in the face of different emotional information and how they differ compared to the youth.
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The AX-continuous Performance Task (AX-CPT) is a classical paradigm to investigate
proactive control and reactive control [24,40,41]. The task was composed of cue stimuli
and probe stimuli, with English capital letters as materials. The cue stimuli were divided
into target stimulus A and non-target stimulus B (B stood for any letter except A and
probe stimulus), and the probe stimuli were divided into target stimulus X and non-target
stimulus Y (Y stood for any letter except X and cue stimulus). This results in four sequence
types: AX, AY, BX, and BY. The subjects were required to make the only target response
quickly and accurately to the detection stimulus X (AX sequence) after the cue stimulus A,
while the other sequences (including AY sequence, BX sequence, and BY sequence) were
all non-target responses. Since the AX trials accounted for 70% of the total trials, and the
other three trials accounted for 10% each, subjects had a strong tendency to respond to the
target stimulus (A or X) [42]. According to dual cognitive control theory, proactive control
enhances the representation of cues, which leads to an increase in the error rate of the AY
sequence or a decrease in the error rate of the BX sequence. Reactive control can lead to
an increase in the error rate of BX or a decrease in the error rate of AY [24]. Therefore, the
tradeoff between proactive and reactive control can be examined by analyzing behavior on
the AY or BX sequences [28,42,43]. To this end, the present study improved the classical
AX-CPT by replacing letters on cue stimuli and probe stimuli with emotional faces in a first
attempt to examine the differences in cognitive control tradeoff between youth and older
adults in the processing of different emotional information.

According to previous research, youth were more inclined to process negative emo-
tional information [44], whereas older adults were more inclined to attend to, and remember
positive rather than negative information [45,46]. Therefore, it is hypothesized that, in
the positive information condition, older adults are more likely to intrinsically represent
positive emotional cue information and thus will be more inclined to use proactive control
strategies compared to youth, whereas in the negative information condition, older adults
are likely to have difficulty in consistently representing cues due to the negative attention
bias of youth and more avoidance of negative information, and thus are likely to be more
inclined to use reactive control strategies. In contrast, the proactive control bias of youth
would not be influenced by the emotional validity of the information.

2. Methods
2.1. Participants

According to previous findings [38,47], the calculations of G*Power 3.1 [48,49], for the
between-subjects repeated measures ANOVA applied in this study. The total sample size
predicted a level of statistical power of 80% at a significance level of 0.01 with a medium
effect size (0.25) [50] was at least 22 subjects. Thirty-two college students and 26 older
adults over 60 years of age were randomly recruited for this study.

Eligibility criteria included: (a) no history of neurological issues (e.g., stroke, demen-
tia, major head injury); (b) no history of uncontrolled medical conditions (e.g., diabetes,
cardiovascular diseases); (c) no current diagnoses of mood disorders (e.g., depression or
anxiety disorders) or self-reported “extremely severe” depression/anxiety symptoms with
the Depression, Anxiety, and Stress Scale (DASS-21) [51]; (d) all older adults participating
in the experiment had at least 12 years of education; (e) all subjects had normal or corrected
visual acuity, were right-handed, and had never participated in similar experiments before.
One of the young subjects failed to record the experimental data properly, and one young
person voluntarily asked to withdraw during the experiment. Young adults were recruited
from an undergraduate participant pool and older adults were recruited from the local
community. Subjects who participated in the experiment signed an informed consent form
for the experiment and received a certain amount of money as an honorarium for their
participation. Finally, 30 young adults (12 males, 18 females, mean age 19.53 years) and
26 older adults (15 males, 11 females, mean age 69.65) were included in the follow-up data
analysis. The study was approved by the Ethics Committee of the faculty of psychology,
Tianjin Normal University.
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Independent sample t-tests were performed using IBM SPSS 25.0 software for demo-
graphic characteristics of young and older adults, as well as on scores on the FTP, PANAS,
DASS-21, and MoCA scales (see Table 1). The results showed that the perception of future
time was significantly shorter in older adults (M = 25.92, SD = 5.92) than in youth (M = 38.43,
SD = 4.72), t = 8.80, p < 0.001, and Cohen’s d = 2.36, indicating that older adults significantly
perceived the limited nature of future time compared to youth; There was no significant
difference between the two groups in the scores of positive-negative emotion rating and
depression-anxiety-stress scales (p > 0.05), indicating that the emotional states of all subjects
were within the normal range; in the MoCA scores, all subjects were above 20, and the
scores of the youth group (M = 26.87, SD = 1.41) were significantly higher than those of the
older group (M = 25.65, SD = 2.56), t = 2.15, p < 0.05, Cohen’s d = 0.60, indicating that all
subjects were within the normal range of cognitive function and that the youth group had
a better cognitive function.

Table 1. Subjects’ demographic characteristics and cognitive performance.

Young Adults (n = 30) Older Adults (n = 26)

M SD M SD t

Age 19.53 0.94 69.65 2.83 −86.37 ***
F/M(ratio) 18/12 11/15

Years of formal Education 13.70 0.65 14.58 1.58 −2.64 *
FTP 38.43 4.72 25.92 5.92 8.80 ***

PANAS-PA 33.50 4.42 33.96 6.01 −0.32
PANAS-NA 11.80 1.92 11.46 1.68 0.70
DASS-Dep 0.10 0.31 0.15 0.46 −0.52
DASS-Anx 0.23 0.57 0.27 0.53 −0.24
DASS-Strs 0.93 0.87 0.54 0.81 1.75

MoCA 26.87 1.41 25.65 2.56 2.15 *
Note. M = mean; SD = standard deviation; F/M(ratio) = female/male ration; FTP = Future Time Perspective Scale;
PANAS-PA/NA = Positive Affect/Negative Affect scores on the Positive and Negative Affect Schedule (PANAS);
DASS-Dep/Anx/Strs = Depression, Anxiety, and Stress scores on the DASS-21; MoCA = The Montreal Cognitive
Assessment. * p < 0.05; *** p < 0.001.

2.2. Instrument and Experimental Materials

The Future Time Perspective (FTP) scale was developed by Lang and Carstensen to
measure the future time perception of older adults [52]. Fung translated the questionnaire
into Chinese and conducted a localized study on the future time perception of Chinese
older adults and revised the way of calculating the statistical scores of the questionnaire,
changing the original t-score to the mean statistical method [53]. In this study, the revised
version of the FTP scale was used, and the mean was used as the statistical indicator in the
analysis of the results, with higher scores indicating more perceived future time.

Positive Affect and Negative Affect Scale (PANAS) was developed by Watson and Clark
to assess individuals’ positive and negative emotions [54]. The Chinese version of the
Positive Affect and Negative Affect Scale was revised by Huang et al. and has been shown
to have good reliability in both community-based and urban elderly populations [55,56].
The scale contains two factors, positive and negative emotions, consisting of 10 adjec-
tives describing positive emotions and 10 adjectives describing negative emotions, respec-
tively. Each adjective is scored on a five-point scale, ranging from 1 = “almost none” to
5 = “extremely many”, with higher scores indicating stronger positive or negative emotions.

The Depression-Anxiety-Stress Scale (DASS-21) was developed by Lovibond et al. and
consists of three subscales with 42 items [51]. The DASS-21 is a revised and streamlined
version of the DASS, which retains seven items for each of the three subscales of depression,
anxiety, and stress, while keeping the dimensions of the original scale unchanged, to
improve the efficiency of identifying and assessing the symptoms of the corresponding
mood disorders. A four-point scale was used, ranging from 0 = “not at all” to 3 = “fully”,
with higher scores indicating more intense negative emotional experiences. Gong et al.
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reported internal consistency of 0.77, 0.79, and 0.76 for the depression, anxiety, and stress
subscales, respectively; the total scale had an internal consistency coefficient of 0.89 [57].

The Montreal Cognitive Assessment (MoCA) was developed by Nasreddine et al. in
Canada based on clinical experience and concerning the cognitive items and scores of the
MMSE (Brief Mental State Examination) and includes visual spatial function (5 points),
naming (3 points), attention (6 points), repetition of sentences (2 points), fluency (1 point),
abstraction (2 points), delayed recall (5 points), and orientation (6 points), for a total score
of 30 points, plus 1 point for the total score if the subject has ≤12 years of education [58].
Lower scores indicated a more severe impairment of cognitive function. Subjects with a
total MoCA score ≥ 20 were included in the final tally of this study [59].

Emotional AX-CPT task Since emotional faces have more socio-emotional significance
compared to other emotional materials, the experiments were conducted by replacing the
letter materials with emotional faces based on retaining the logic of the classical AX-CPT
experiment, with the cue stimuli being emotional faces (divided into happy or sad faces)
or neutral faces, and the probe stimuli also being emotional faces (divided into happy
or sad faces) or neutral faces, resulting in four sequence types under two emotions: an
emotion-emotion (happy-happy or sad-sad) sequence, an emotion-neutral (happy-neutral
or sad-neutral) sequence, a neutral-emotion (neutral-happy or neutral-sad) sequence, and
a neutral-neutral sequence. Subjects were required to make a unique target response to
the probe stimulus that appeared after the cued stimulus—a certain type of emotional
face that was also that type of emotional face (i.e., emotional-emotional sequence)— both
quickly and accurately, and the other sequences (emotional-neutral sequence, neutral-
emotional sequence, neutral-neutral sequence) made non-target responses. In the experi-
ment, emotion-emotion trials accounted for 70% of the total trials, and the other three trials
each accounted for 10% (see Table 2). The behavioral performance on the emotion-neutral
or neutral-emotion sequences was analyzed as a way to examine the trade-off between
subjects’ proactive and reactive control in emotional information processing.

Table 2. Four emotional AX-CPT sequence types design.

Cue Stimulus Probe Stimulus Percentage of Trials Response

Happy (or sad) Happy (or sad) 70% Target response
Happy (or sad) Neutral 10%

Non-target responseNeutral Happy (or sad) 10%
Neutral Neutral 10%

The present study used 36 emotional faces of 6 elderly (3 males, 3 females) and 6 youth
(3 males, 3 females) from the Faces of Emotion System (FACES) [60]: 12 images each of
pleasant, sad, and neutral faces. Twenty Chinese youth (7 males, 13 females, mean age
20.35 years, age range 19–22 years) and 20 Chinese elderly (9 males, 11 females, mean age
70.05 years, age range 62–82) were selected to evaluate the selected emotional faces, and
the results are shown in Table 3.

Table 3. Emotional face material rating results.

Young Adults Older Adults

Happy Neutral Sad Happy Neutral Sad

Identity (%) 98.33 92.08 94.58 99.58 94.58 96.67
Arousal 6.83 ± 0.86 3.95 ± 0.60 6.62 ± 0.86 6.72 ± 0.75 3.88 ± 0.66 6.47 ± 0.81

The level of agreement with the three types of emotional faces: pleasant, neutral,
and sad ranged from 92.08% to 99.58%. ANOVA on arousal showed that the main effect
between groups (youth and elderly groups) was not significant (p > 0.05) and the main
effect of emotional type was significant (p < 0.001, η2 = 0.84). The results of Bonferroni post
hoc multiple comparisons showed that arousal was significantly higher for both pleasant
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and sad faces than for neutral faces (p < 0.001), while for pleasant and sad faces arousal
was not significantly different between pleasant and sad faces (p > 0.05). The above results
suggest that the selected foreign emotional face pictures are equally applicable to Chinese
youth and the elderly.

2.3. Experimental Design

A mixed design of 2 (Age: young vs. older) × 2 (Emotional faces: happy vs. sad)
× 4 (Sequence type: emotional-emotional/emotional-neutral/neutral-emotional/neutral-
neutral) was used, with the age as a between-subjects variable, emotional faces, and
sequence type as within-subjects variables, and dependent variables of error rate and
reaction time of correct responses.

2.4. Experimental Procedure

All subjects completed the emotional AX-CPT task individually, and the specific
experimental procedure is shown in Figure 1. Subjects were asked to press the “J” key
with the right index finger for target responses when the “emotional-emotional” sequence
appears and press the “F” key with the left index finger for non-target responses when
the other face sequences (emotional-neutral/neutral-emotional/neutral-neutral) appear.
The left- and right-handed key responses were counterbalanced between subjects. Cue
faces and probe faces were balanced for gender and age, and cue- and probe- faces were
not repeatedly presented before and after. The experiment was divided into a practice
experiment and a formal experiment, and the practice experiment consisted of nine trials to
familiarize the subjects with the experimental procedure, with a correct rate of 80% or more.
Each block presented subjects with only one type of emotional stimuli (i.e., sad or happy)
and contained 100 trials, with the order of presentation of the two types of emotional
materials being balanced among subjects and the four trial types being presented randomly
within the blocks. The full experimental task took approximately 40 min, and a certain
amount of money was given at the end of the experiment. E-prime 2.0 was used to write,
present, and summarize the data. IBM SPSS 25.0 was used for statistical analysis.

Figure 1. Experimental flow diagram (the left diagram shows the flow diagram of the single-trial experiment;
the right diagram shows the flow diagram of the emotional AX-CPT task and its stimulus ratio).

3. Results
3.1. Error Rate

A 2 (Age: young vs. older) × 2 (Emotional faces: happy vs. sad) × 4 (Sequence type:
emotional-emotional/emotional-neutral/neutral-emotional/neutral-neutral) repeated mea-
sures ANOVA was conducted on error rates (see Figure 2). Results revealed a signifi-
cant main effect of emotional faces, F(1, 54) = 74.38, p < 0.001, η2 = 0.58, with a signifi-
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cantly higher error rate in the sad condition (12.50 ± 5.24%) than in the happy condition
(6.00 ± 5.99%), p < 0.001; a significant main effect of sequence type, F(3, 162) = 69.69,
p < 0.001, η2 = 0.56, post hoc comparisons revealed that the error rate on the emotional-
neutral sequence (20.70 ± 12.72%) was significantly higher than on the emotional-emotional
(8.30 ± 3.74%) and neutral-emotional sequences (6.20 ± 6.73%), and the error rate on the
emotional-emotional and neutral-emotional sequences was significantly higher than on
the neutral-neutral sequence (1.70 ± 3.74%). The interaction between age and emotional
faces was significant, F(1, 54) = 24.45, p < 0.001, η2 = 0.31, and simple effects analysis
revealed significant differences in error rates between youth and older adults for both
happy and sad conditions. The interaction between age and sequence types was significant,
F(3, 162) = 14.47, p < 0.001, η2 = 0.21. Simple effects analysis found significant differences in
error rates between young and older on the emotional-emotional and emotional-neutral
sequences, and non-significant differences in the other sequences. The interaction between
emotional faces and sequence types was significant, F(3, 162) = 12.32, p < 0.001, η2 = 0.19;
simple effects analysis found significant differences in error rates across emotional con-
ditions for all three sequences, except for non-significant differences in error rates for
neutral-neutral sequences. In addition, the triple interaction of group, emotional faces,
and sequence types was significant, F(3, 162) = 12.32, p < 0.05, η2 = 0.051. Further simple
effects analysis revealed that on the sad-sad and neutral-sad sequences, the error rate
was significantly higher in the older group than in the youth (p < 0.001; p < 0.05); on the
sad-neutral sequence, the youth group had an error rate higher than in the older group
(p = 0.06). Subjects’ error rates in completing the AX-CPT task in the happy condition
were significantly higher in youth than in older adults only on the happy-neutral sequence
(p < 0.001). The above results indicate that, in the processing of different emotional infor-
mation, youth were more inclined to proactive control than older age; in the processing
of negative information, older age was more inclined to reactive control strategies than
youth; in the processing of positive information, older age showed similar cognitive control
patterns as youth, and youth had more proactive control.

Figure 2. Error rate performance of youth and older adults completing the emotional AX-CPT task.
* p < 0.05; *** p < 0.001.

3.2. RT

A 2 (Age: young vs. older) × 2 (Emotional faces: happy vs. sad) × 4 (Sequence type:
emotional-emotional/emotional-neutral/neutral-emotional/neutral-neutral) repeated mea-
sures ANOVA was conducted on reaction time (see Figure 3). The results revealed a sig-
nificant main effect of age, F(1, 54) = 5.12, p < 0.05, η2 = 0.09, with a longer mean reaction
time in the older group than in the younger group; the main effect of emotional faces was
significant, F(1, 54) = 31.72, p < 0.001, η2 = 0.37, with the mean reaction time in sad faces
compared to happy faces (476.46 ± 102.30) (521.12 ± 96.01) being longer; the main effect of
sequence type was significant, F(3, 162) = 273.94, p < 0.001, η2 = 0.84, and the reaction time
on the emotional-neutral sequence was significantly longer than the other three sequences;
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the reaction time on the emotional- emotional sequence was significantly longer than the
neutral-emotional and neutral-neutral sequences. None of the interactions were significant
(p > 0.05).

Figure 3. Reaction-time performance of youth and older adults completing the Emotional Faces
AX-CPT task. * p < 0.05; ** p < 0.01.

A 2 (Age: young vs. older) × 4 (Sequence type: emotional-emotional/emotional-
neutral/neutral-emotional/neutral-neutral) repeated measures ANOVA was conducted
on reaction times in the sad condition and the happy condition, respectively. Results
revealed a significant main effect of age under the sad condition, F(1, 54) = 5.07, p < 0.05,
η2 = 0.09; a significant main effect of sequence type, F(1, 54) = 142.07, p < 0.001, η2 = 0.73;
the interaction between the two was not significant (p > 0.05). Under the happy faces,
the main effect of age was significant, F(1, 54) = 4.30, p < 0.05, η2 = 0.07; the main effect
of sequence type was significant, F(3, 162) = 226.19, p < 0.001, η2 = 0.81; the interaction
between the two was borderline significant, F(3, 162) = 2.36, p = 0.07, η2 = 0.04, and the
simple effect analysis revealed that the reaction time was significantly longer in the older
group than in the younger group on both happy-happy and happy-neutral sequences, and
the differences between the other two sequences were not significant. The above results
suggest that there is a general slowing down of response times in older adults compared to
youths under different sequence tasks; older adults showed longer response times on the
happy-neutral sequence, indicating that older adults put more cognitive effort into actively
forming representations of the happy cues.

3.3. Proactive Control Index (PBI)

Referring to previous studies [22,61], we measured the relative propensity of individ-
uals to adopt proactive control by calculating the proactive control index (PBI) to further
examine the cognitive control tradeoff between youth and older adults in emotional infor-
mation processing. In this paper, PBI = (emotional-neutral sequence − neutral-emotional
sequence)/(emotional-neutral sequence + neutral-emotional sequence) and its value ranges
from −1 to 1, with a larger index indicating a greater tendency to adopt proactive con-
trol [22,30,62].

A 2 (Age: young vs. older) × 2 (Emotional faces: sad vs. happy) repeated measures
ANOVA was performed on the PBI index calculated from the error rate. Results showed a
significant group main effect, F(1, 54) = 6.42, p < 0.05, η2 = 0.11, and a PBI index closer to 1
for youth, indicating a greater tendency for proactive control in youth.

To examine the possible effects of baseline group differences, correlation analyses
were performed between relevant demographic or cognitive variables and PBI scores. The
results showed that, in older adults, RT PBI scores in the sad condition were negatively
correlated with NA scores (r = −0.437, p = 0.026), i.e., the higher the subjects’ negative
emotion, the lower the active control index in response to the sad condition. In contrast,
among youth, RT PBI scores in the sad condition were positively correlated with NA scores
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(r = 0.405, p = 0.026), i.e., the higher the subjects’ negative emotion score, the higher the
proactive control index in response to the sad condition. This interesting finding was not
found in the happy condition.

4. Discussion

The present study was the first attempt to examine age differences in cognitive control
tradeoff in emotional information processing by manipulating emotional potency, and
stimulus sequence type using the emotional AX-CPT paradigm. The findings revealed
that youth had significantly higher error rates than older adults on sad-neutral and happy-
neutral sequences, i.e., youth were more inclined to employ proactive control strategies
regardless of the type of emotional information processing, which is in line with the
results of previous studies [39,47]. Proactive control is a cue-driven control, and because
proactive control requires individuals to continuously represent cue information, it requires
significant consumption of cognitive resources. In contrast, youth have abundant cognitive
resources relative to older adults, and thus are more likely to exhibit proactive control
tendency in cognitive processing.

A more interesting finding is that there are some differences in the cognitive control
tradeoff between youth and older adults in the processing of different emotional infor-
mation. Specifically, in the negative condition, older adults had significantly higher error
rates on both the sad-sad and neutral-sad sequences than youth, i.e., older adults were
more inclined to adopt reactive control strategies than youth in the processing of negative
information. This is similar to the finding in the classical AX-CPT task that older adults
tend to adopt reactive control strategies more often as they age [63,64]. Reactive control is a
probe-driven control that requires less cognitive resources because reactive control does
not require individuals to continuously represent cue information. In addition, the authors
suggest that older adults’ greater tendency to use reactive control strategies in negative con-
ditions may also be related to the fact that it is more difficult for older adults to cognitively
process grief information and attempt to form target response tendency than youth. This
is further supported by the fact that the error rate on the sad-sad sequence is significantly
higher in older adults than in youth. Thus, difficulties in processing sad information make
it more difficult for older adults to form internal representations of sadness cues to prevent
conflict, which in turn increases their error rate on the neutral-sad sequence.

In the happy condition, older adults showed a similar pattern of cognitive control
to youth, i.e., the elderly’s error rate under happy-neutral sequence was higher than the
other sequences, suggesting that older adults enhanced the characterization of happy cues,
thus, the error rate under the happy-neutral sequences rose while the error rate under
the neutral-happy sequence decreased. In addition, older adults showed longer response
times than youth on the happy-neutral sequence, which further indicates that older adults
exerted more cognitive effort to actively form representations of pleasant cues. The results
also supported Socioemotional Selectivity Theory’s explanation of the positivity effect,
namely that older adults’ preferential processing of positive information is controlled
processing [2,10,46,65], rather than automated processing, due to cognitive decline [66].

In addition, older adults generally have longer reaction times than younger adults
in the processing of different emotional information, a result that is consistent with the
generalized slowing hypothesis, which states that processing slows down with healthy
aging [67,68]. At the same time, older adults did not show a cognitive control pattern
similar to the error rate, i.e., in the emotional-neutral condition, the youth had significantly
higher error rates than older adults, yet this pattern was not replicated in response times,
but rather showed a pattern of generally higher response times for older adults than youth,
which may reflect a tradeoff between speed and accuracy in which older adults forgo fast
responses in order to ensure higher accuracy.
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5. Limitations and Future Directions

The present study yielded some interesting behavioral findings. It further enriches the
explanation of the role of cognitive control in the positive effects of aging. However, there
are several shortcomings: first, this study did not distinguish between emotional arousal
of emotional faces. Low arousal and high arousal emotional information involve differ-
ent processing mechanisms. High arousal stimuli primarily trigger automatic attentional
capture to ensure that information is processed preferentially; increasing the processing
of low arousal stimuli involves top-down cognitive processes and therefore requires the
involvement of cognitive resources. Automatic processing of high-arousal information is
relatively preserved in old age and may interfere with goal-directed top-down information
processing [69,70]. Future research needs to further differentiate the arousal level of emo-
tional stimuli to investigate whether there is a cognitive control tradeoff between youth
and old age when processing emotional information with different arousal levels. Second,
the present study used emotional faces, which have the most social emotional significance,
as stimulus materials, while people in real life rely more on contextual information for
emotional information processing. Future studies need to consider other types of emotional
materials and the influence of context on emotional information processing to improve
the ecological validity of the study. Third, both proactive control and reactive control can
activate the core brain region related to cognitive control—the prefrontal cortex (especially
the lateral prefrontal cortex), and there are differences in activation modes between the
two [22,23,37]. Individuals with a preference for proactive control have negative activation
in the prefrontal cortex during the cue phase; individuals with a preference for reactive
control have negative activation in the prefrontal cortex during the detection stimulus
phase [33]. Future studies need to combine ERP, brain imaging, and fNIRS to monitor
the activation patterns of the prefrontal cortex during the emotional AX-CPT task and to
further reveal the underlying mechanisms from the neurophysiological level.

In addition, this study found differences in cognitive control tradeoff in emotional
information processing between youth and older adults, thus suggesting that attentional
processing of emotional information may be a resilient factor in maintaining well-being in
older adults. Future research is still needed to further explore the positive and therapeutic
qualities of attention to promote healthy aging in older adults.

6. Conclusions

In the present experimental conditions, the following conclusions were drawn.

(1) In emotional information processing, youth are more inclined to proactive control
than older adults.

(2) In negative information processing, older adults are more inclined to reactive control
strategies than youth; in positive information processing, older adults show similar
cognitive control patterns to youth, and proactive control is enhanced.

Author Contributions: N.Z. and J.W. contributed to the design of the experiment. N.Z. contributed in-
tensively to the experiment implement, manuscript preparation, and data analyses; J.W. supervised the
progress of the research. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by Key Research Base Project of Humanities and Social
Sciences of Ministry of Education (grant number: 13JJD190005) and Tianjin Postgraduate Research
Innovation Project (grant number: 2021YJSB306).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the faculty of psychology, Tianjin Normal
University (2022030301).

Informed Consent Statement: Informed consent was ob tained from all subjects involved in the study.

Data Availability Statement: The final data and analysis files (in SPSS) could be retrieved from
https://osf.io/6j9a5/?view_only=214932044c17421cb1b6ba6e35f20ac6 (accessed on 25 July 2022).

Conflicts of Interest: The authors declare no conflict of interest.

https://osf.io/6j9a5/?view_only=214932044c17421cb1b6ba6e35f20ac6


Brain Sci. 2022, 12, 1043 11 of 13

References
1. Reed, A.E.; Carstensen, L.L. The theory behind the age-related positivity effect. Front. Psychol. 2012, 3, 339. [CrossRef] [PubMed]
2. Reed, A.E.; Chan, L.; Mikels, J.A. Meta-analysis of the age-related positivity effect: Age differences in preferences for positive

over negative information. Psychol. Aging 2014, 29, 1–15. [CrossRef] [PubMed]
3. Sasse, L.K.; Gamer, M.; Büchel, C.; Brassen, S. Selective control of attention supports the positivity effect in aging. PLoS ONE

2014, 9, e104180. [CrossRef] [PubMed]
4. Livingstone, K.M.; Isaacowitz, D.M. The roles of age and attention in general emotion regulation, reappraisal, and expressive

suppression. Psychol. Aging 2018, 33, 373–383. [CrossRef] [PubMed]
5. Ziaei, M.; Fischer, H. Chapter 13—Emotion and aging: The impact of emotion on attention, memory, and face recognition

in late adulthood. In Neuroimaging Personality, Social Cognition, and Character; Absher, J.R., Cloutier, J., Eds.; Academic Press:
San Diego, CA, USA, 2016; pp. 259–278.

6. Carstensen, L.L. Socioemotional selectivity theory: The role of perceived endings in human motivation. Gerontologist 2021, 61,
1188–1196. [CrossRef] [PubMed]

7. Giasson, H.L.; Liao, H.-W.; Carstensen, L.L. Counting down while time flies: Implications of age-related time acceleration for goal
pursuit across adulthood. Curr. Opin. Psychol. 2019, 26, 85–89. [CrossRef] [PubMed]

8. Sims, T.; Hogan, C.L.; Carstensen, L.L. Selectivity as an emotion regulation strategy: Lessons from older adults. Curr. Opin. Psychol.
2015, 3, 80–84. [CrossRef]

9. Ochsner, K.N.; Gross, J.J. The cognitive control of emotion. Trends Cogn. Sci. 2005, 9, 242–249. [CrossRef]
10. Isaacowitz, D.M.; Allard, E.S.; Murphy, N.A.; Schlangel, M. The time course of age-related preferences toward positive and

negative stimuli. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 2009, 64, 188–192. [CrossRef]
11. Grahek, I.; Everaert, J.; Krebs, R.M.; Koster, E.H.W. Cognitive control in depression: Toward clinical models informed by cognitive

neuroscience. Clin. Psychol. Sci. 2018, 6, 464–480. [CrossRef]
12. Shenhav, A.; Botvinick, M.M.; Cohen, J.D. The expected value of control: An integrative theory of anterior cingulate cortex

function. Neuron 2013, 79, 217–240. [CrossRef]
13. Kryla-Lighthall, N.; Mather, M. The role of cognitive control in older adults’ emotional well-being. In Handbook of Theories of Aging;

Bengston, V.L., Gans, D., Pulney, N.M., Silverstein, M., Eds.; Springer Publishing Co.: New York, NY, USA, 2009; pp. 323–344.
14. Beaudreau, S.A.; O’Hara, R. Late-life anxiety and cognitive impairment: A review. Am. J. Geriatr. Psychiatry 2008, 16, 790–803.

[CrossRef]
15. Park, D.C.; Reuter-Lorenz, P. The adaptive brain: Aging and neurocognitive scaffolding. Annu. Rev. Psychol. 2009, 60, 173–196.

[CrossRef]
16. Spreng, R.N.; Wojtowicz, M.; Grady, C.L. Reliable differences in brain activity between young and old adults: A quantitative

meta-analysis across multiple cognitive domains. Neurosci. Biobehav. Rev. 2010, 34, 1178–1194. [CrossRef]
17. Lustig, C.; Hasher, L.; Zacks, R.T. Inhibitory deficit theory: Recent developments in a “new view”. Inhib. Cogn. 2007, 17, 145–162.
18. Dennis, N.A.; Cabeza, R. Neuroimaging of healthy cognitive aging. In Handbook of Aging & Cognition; Psychology Press:

London, UK, 2008; pp. 1–54.
19. Joubert, C.; Davidson, P.S.; Chainay, H. When do older adults show a positivity effect in emotional memory? Exp. Aging Res.

2018, 44, 455–468. [CrossRef]
20. Mantantzis, K.; Maylor, E.A.; Schlaghecken, F. Gain without pain: Glucose promotes cognitive engagement and protects positive

affect in older adults. Psychol. Aging 2018, 33, 789–797. [CrossRef]
21. Kennedy, B.L.; Huang, R.; Mather, M. Age differences in emotion-induced blindness: Positivity effects in early attention.

Emotion 2019, 20, 1266–1278. [CrossRef]
22. Braver, T.S.; Paxton, J.L.; Locke, H.S.; Barch, D.M. Flexible neural mechanisms of cognitive control within human prefrontal cortex.

Proc. Natl. Acad. Sci. USA 2009, 106, 7351–7356. [CrossRef]
23. Braver, T.S. The variable nature of cognitive control: A dual mechanisms framework. Trends Cogn. Sci. 2012, 16, 106–113.

[CrossRef]
24. Braver, T.S.; Gray, J.R.; Burgess, G.C. Explaining the many varieties of working memory variation: Dual mechanisms of cognitive

control. In Variation in Working Memory; Conway, A., Jarrold, C., Kane, M., Miyake, A., Towse, J., Eds.; Oxford University Press:
New York, NY, USA, 2007; pp. 76–106.

25. Xu, L.; Tang, D.D.; Chen, A.T. The mechanisms and influential factors of the tradeoff between proactive and reactive cognitive
control. Adv. Psychol. Sci. 2012, 20, 1012–1022. [CrossRef]

26. Chiew, K.S.; Braver, T.S. Dissociable influences of reward motivation and positive emotion on cognitive control. Cogn. Affect.
Behav. Neurosci. 2014, 14, 509–529. [CrossRef]

27. Fröber, K.; Dreisbach, G. The differential influences of positive affect, random reward, and performance-contingent reward on
cognitive control. Cogn. Affect. Behav. Neurosci. 2014, 14, 530–547. [CrossRef]

28. Fröber, K.; Dreisbach, G. How performance (non-) contingent reward modulates cognitive control. Acta Psychol. 2016, 168, 65–77.
[CrossRef]

29. Hefer, C.; Dreisbach, G. Prospect of performance-contingent reward distorts the action relevance of predictive context information.
J. Exp. Psychol. Learn. Mem. Cogn. 2020, 46, 380–399. [CrossRef]

http://doi.org/10.3389/fpsyg.2012.00339
http://www.ncbi.nlm.nih.gov/pubmed/23060825
http://doi.org/10.1037/a0035194
http://www.ncbi.nlm.nih.gov/pubmed/24660792
http://doi.org/10.1371/journal.pone.0104180
http://www.ncbi.nlm.nih.gov/pubmed/25093459
http://doi.org/10.1037/pag0000240
http://www.ncbi.nlm.nih.gov/pubmed/29620382
http://doi.org/10.1093/geront/gnab116
http://www.ncbi.nlm.nih.gov/pubmed/34718558
http://doi.org/10.1016/j.copsyc.2018.07.001
http://www.ncbi.nlm.nih.gov/pubmed/30048830
http://doi.org/10.1016/j.copsyc.2015.02.012
http://doi.org/10.1016/j.tics.2005.03.010
http://doi.org/10.1093/geronb/gbn036
http://doi.org/10.1177/2167702618758969
http://doi.org/10.1016/j.neuron.2013.07.007
http://doi.org/10.1097/JGP.0b013e31817945c3
http://doi.org/10.1146/annurev.psych.59.103006.093656
http://doi.org/10.1016/j.neubiorev.2010.01.009
http://doi.org/10.1080/0361073X.2018.1521498
http://doi.org/10.1037/pag0000270
http://doi.org/10.1037/emo0000643
http://doi.org/10.1073/pnas.0808187106
http://doi.org/10.1016/j.tics.2011.12.010
http://doi.org/10.3724/SP.J.1042.2012.01012
http://doi.org/10.3758/s13415-014-0280-0
http://doi.org/10.3758/s13415-014-0259-x
http://doi.org/10.1016/j.actpsy.2016.04.008
http://doi.org/10.1037/xlm0000727


Brain Sci. 2022, 12, 1043 12 of 13

30. Qiao, L.; Xu, L.; Che, X.W.; Zhang, L.J.; Li, Y.D.; Xue, G.; Li, H.; Chen, A.T. The Motivation-Based Promotion of Proactive Control:
The Role of Salience Network. Front. Hum. Neurosci. 2018, 12, 328. [CrossRef]

31. Zhang, P.; Zhang, Q.H.; Li, S.Y.; Song, L.; Yang, Y.; Bai, X.J. The effect of anticipatory punishment on cognitive control: Behavioral
and fNIRS evidence. J. Psychol. Sci. 2020, 43, 534–541.

32. West, R.; Choi, P.; Travers, S. The influence of negative affect on the neural correlates of cognitive control. Int. J. Psychophysiol.
2010, 76, 107–117. [CrossRef]

33. Lamm, C.; Pine, D.S.; Fox, N.A. Impact of negative affectively charged stimuli and response style on cognitive-control-related
neural activation: An ERP study. Brain Cogn. 2013, 83, 234–243. [CrossRef]

34. Hsieh, S.; Lin, S.J. The Dissociable Effects of Induced Positive and Negative Moods on Cognitive Flexibility. Sci. Rep. 2019, 9, 1126.
[CrossRef]

35. Dreisbach, G. How positive affect modulates cognitive control: The costs and benefits of reduced maintenance capability.
Brain Cogn. 2006, 60, 11–19. [CrossRef] [PubMed]

36. Van Wouwe, N.C.; Band GP, H.; Ridderinkhof, K.R. Positive affect modulates flexibility and evaluative control. J. Cogn. Neurosci.
2011, 23, 524–539. [CrossRef] [PubMed]

37. Paxton, J.L.; Barch, D.M.; Racine, C.A.; Braver, T.S. Cognitive control, goal maintenance, and prefrontal function in healthy aging.
Cereb. Cortex 2008, 18, 1010–1028. [CrossRef] [PubMed]

38. Paxton, J.L.; Barch, D.M.; Storandt, M.; Braver, T.S. Effects of environmental support and strategy training on older adults’ use of
context. Psychol. Aging 2006, 21, 499–509. [CrossRef]

39. Braver, T.S.; Barch, D.M.; Keys, B.A.; Carter, C.S.; Cohen, J.D.; Kaye, J.A.; Janowsky, J.S.; Taylor, S.F.; Yesavage, J.A.; Mumenthaler,
M.S.; et al. Context processing in older adults: Evidence for a theory relating cognitive control to neurobiology in healthy aging.
J. Exp. Psychol. Gen. 2001, 130, 746–763. [CrossRef]

40. Barch, D.M.; Mitropoulou, V.; Harvey, P.D.; New, A.S.; Silverman, J.M.; Siever, L.J. Context-processing deficits in schizotypal
personality disorder. J. Abnorm. Psychol. 2004, 113, 556–568. [CrossRef]

41. Chaillou, A.C.; Giersch, A.; Hoonakker, M.; Capa, R.L.; Bonnefond, A. Differentiating Motivational from Affective Influence of
Performance-contingent Reward on Cognitive Control: The Wanting Component Enhances Both Proactive and Reactive Control.
Biol. Psychol. 2017, 125, 146–153. [CrossRef]

42. Chiew, K.S.; Braver, T.S. Temporal dynamics of motivation-cognitive control interactions revealed by high-resolution pupillometry.
Front. Psychol. 2013, 4, 15. [CrossRef]

43. Xu, L.; Wang, L.J.; Zhao, Y.F.; Tan, J.F.; Chen, A.T. Subliminal Reward Modulates the Tradeoff between Proactive and Reactive
Cognitive Control. Acta Psychol. Sin. 2014, 46, 459–466. [CrossRef]

44. Baumeister, R.F.; Bratslavsky, E.; Finkenauer, C.; Vohs, K.D. Bad is stronger than good. Rev. Gen. Psychol. 2001, 5, 323–370.
[CrossRef]

45. Carstensen, L.L.; DeLiema, M. The positivity effect: A negativity bias in youth fades with age. Curr. Opin. Behav. Sci. 2018, 19, 7–12.
[CrossRef]

46. Carstensen, L.L.; Mikels, J.A. At the intersection of emotion and cognition—Aging and the positivity effect. Curr. Dir. Psychol. Sci.
2005, 14, 117–121. [CrossRef]

47. Truong, L.; Kandasamy, K.; Yang, L.X. Cognitive Control in Young and Older Adults: Does Mood Matter? Brain Sci. 2022, 12, 50.
[CrossRef]

48. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef]

49. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef]

50. Ferguson, C.J. An effect size primer: A guide for clinicians and researchers. Prof. Psychol. Res. Pract. 2009, 40, 532–538. [CrossRef]
51. Lovibond, S.H.; Lovibond, P.F. Manual for the Depression Anxiety Stress Scales; Psychology Foundation of Australia: Sydney, NSW,

Australia, 1995; pp. 112–118.
52. Lang, F.R.; Carstensen, L.L. Future Time Perspective Scale; Stanford University: Stanford, CA, USA, 1995.
53. Fung, H.H.; Lai, P.; Ng, R. Age differences in social preferences among Taiwanese and mainland Chinese: The role if perceived

time. Psychol. Aging 2001, 16, 351–356. [CrossRef]
54. Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative affect: The PANAS

scales. J. Personal. Soc. Psychol. 1988, 54, 1063–1070. [CrossRef]
55. Huang, L.; Yang, T.Z.; Ji, Z.M. Applicability of the Positive and Negative Affect Scale in Chinese. Chin. Ment. Health J. 2003, 17, 54–56.
56. Bao, L.; Zhan, G.L.; Li, C.H.; Wang, Y.Q. Reliability and validity of the Chinese version of the positive negative emotion scale in

the elderly. China J. Health Psychol. 2020, 28, 617–621.
57. Gong, X.; Xie, X.Y.; Xu, R.; Luo, Y.J. Psychometric properties of the Chinese versions of Dass-21 in Chinese college students.

Chin. J. Clin. Psychol. 2010, 18, 443–446.
58. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The

Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695–699. [CrossRef]

http://doi.org/10.3389/fnhum.2018.00328
http://doi.org/10.1016/j.ijpsycho.2010.03.002
http://doi.org/10.1016/j.bandc.2013.07.012
http://doi.org/10.1038/s41598-018-37683-4
http://doi.org/10.1016/j.bandc.2005.08.003
http://www.ncbi.nlm.nih.gov/pubmed/16216400
http://doi.org/10.1162/jocn.2009.21380
http://www.ncbi.nlm.nih.gov/pubmed/19925199
http://doi.org/10.1093/cercor/bhm135
http://www.ncbi.nlm.nih.gov/pubmed/17804479
http://doi.org/10.1037/0882-7974.21.3.499
http://doi.org/10.1037/0096-3445.130.4.746
http://doi.org/10.1037/0021-843X.113.4.556
http://doi.org/10.1016/j.biopsycho.2017.03.009
http://doi.org/10.3389/fpsyg.2013.00015
http://doi.org/10.3724/SP.J.1041.2014.00459
http://doi.org/10.1037/1089-2680.5.4.323
http://doi.org/10.1016/j.cobeha.2017.07.009
http://doi.org/10.1111/j.0963-7214.2005.00348.x
http://doi.org/10.3390/brainsci12010050
http://doi.org/10.3758/BRM.41.4.1149
http://doi.org/10.3758/BF03193146
http://doi.org/10.1037/a0015808
http://doi.org/10.1037/0882-7974.16.2.351
http://doi.org/10.1037/0022-3514.54.6.1063
http://doi.org/10.1111/j.1532-5415.2005.53221.x


Brain Sci. 2022, 12, 1043 13 of 13

59. Xia, A.Q.; Li, J.; Yue, L.; Hong, B.; Yan, F.; Su, N.; Xiao, S.F.; Liu, Y.Y.; Wang, T. Application of Montreal Cognitive Assessment
Scale to the elderly in Chinese community. J. Shanghai Jiao Tong Univ. 2021, 41, 1662–1667.

60. Ebner, N.C.; Riediger, M.; Lindenberger, U. FACES—A database of facial expressions in young, middle-aged, and older women
and men: Development and validation. Behav. Res. Methods 2010, 42, 351–362. [CrossRef]

61. Gonthier, C.; Macnamara, B.N.; Chow, M.; Conway, A.R.; Braver, T.S. Inducing Proactive Control Shifts in the AX-CPT.
Front. Psychol. 2016, 7, 1822. [CrossRef]

62. Licen, M.; Hartmann, F.; Repovs, G.; Slapnicar, S. The Impact of Social Pressure and Monetary Incentive on Cognitive Control.
Front. Psychol. 2016, 7, 93. [CrossRef]

63. Braver, T.S.; Satpute, A.B.; Rush, B.K.; Racine, C.A.; Barch, D.M. Context Processing and Context Maintenance in Healthy Aging
and Early Stage Dementia of the Alzheimer’s Type. Psychol. Aging 2005, 20, 33–46. [CrossRef]

64. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef]
65. Mather, M.; Knight, M.R. Angry faces get noticed quickly: Threat detection is not impaired among older adults. J. Gerontol. Ser. B

Psychol. Sci. Soc. Sci. 2006, 61, 54–57. [CrossRef]
66. Labouvie-Vief, G.; Grühn, D.; Studer, J. Dynamic integration of emotion and cognition: Equilibrium regulation in development

and aging. In The Handbook of Life-Span Development; Lerner, R.M., Lamb, M.E., Freund, A.M., Eds.; John Wiley & Sons, Inc.:
Hoboken, NJ, USA, 2010; pp. 79–115.

67. Moretti, L.; Semenza, C.; Vallesi, A. General slowing and education mediate task switching performance across the life-span.
Front. Psychol. 2018, 9, 630. [CrossRef]

68. Salthouse, T.A. The processing-speed theory of adult age differences in cognition. Psychol. Rev. 1996, 103, 403–428. [CrossRef]
[PubMed]

69. Kensinger, E.A.; Schacter, D.L. Neural processes supporting young and older adults’ emotional memories. J. Cogn. Neurosci.
2008, 20, 1161–1173. [CrossRef] [PubMed]

70. Streubel, B.; Kunzmann, U. Age differences in emotional reactions: Arousal and age-relevance count. Psychol. Aging 2011, 26,
966–978. [CrossRef] [PubMed]

http://doi.org/10.3758/BRM.42.1.351
http://doi.org/10.3389/fpsyg.2016.01822
http://doi.org/10.3389/fpsyg.2016.00093
http://doi.org/10.1037/0882-7974.20.1.33
http://doi.org/10.1146/annurev-psych-113011-143750
http://doi.org/10.1093/geronb/61.1.P54
http://doi.org/10.3389/fpsyg.2018.00630
http://doi.org/10.1037/0033-295X.103.3.403
http://www.ncbi.nlm.nih.gov/pubmed/8759042
http://doi.org/10.1162/jocn.2008.20080
http://www.ncbi.nlm.nih.gov/pubmed/18284340
http://doi.org/10.1037/a0023424
http://www.ncbi.nlm.nih.gov/pubmed/21517185

	Introduction 
	Methods 
	Participants 
	Instrument and Experimental Materials 
	Experimental Design 
	Experimental Procedure 

	Results 
	Error Rate 
	RT 
	Proactive Control Index (PBI) 

	Discussion 
	Limitations and Future Directions 
	Conclusions 
	References

