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Stimuli with a positive valence can facilitate cognitive control
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Abstract

In the process of interacting with people and objects, humans assign affective valence. By using an association-transfer
paradigm, the current study investigated whether the emotion associated with a stimulus would have an impact on cogni-
tive control outcomes. During the association phase of two experiments reported here, participants identified the emotion
expressed by an actor’s face as either positive (i.e., smiling) or negative (i.e., frowning). Half of the actors expressed posi-
tive emotions (MP) on 80% of trials, while the other half expressed negative emotions (MN) on 80% of trials. We tested the
cognitive effect of these associations in two experiments. In the transfer phase of Experiment 1, the same actors from the
association phase were shown with neutral expression during a gender Stroop task, requiring participants to identify the
gender of the face while ignoring a gender word (congruent or incongruent) that was imposed upon the face. The Stroop
effect was significant for the MN faces, but the effect disappeared for the MP faces. In the transfer phase of Experiment 2, the
emotionless faces were presented in a task-switching paradigm, in which participants identified the age (i.e., old or young)
or the gender depending on the task cue. The task switch cost was smaller (though significant) for the MP faces than for the
MN faces. These results suggest that, relative to social stimuli associated with negative expressions, social stimuli associated
with positive expressions can promote better cognitive control and inhibit distractor interference in goal-oriented behavior.

Keywords Cognitive control - Positive emotion - Emotion perception

Introduction

Valence perception is a critical component of our daily life.
Correctly identifying whether a person, object, or event is
positive or negative in affective quality is essential to the
human experience. The emotion of others or the emotional
implication of a target stimulus is not only critical in deter-
mining the best immediate response, such as “approach or
avoid” or “fight or flight,” but also in calculating appro-
priate future responses. One interesting aspect of valence
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perception is that a stimulus (e.g., an object or a person) can
hold a specific emotional valence even in the absence of
present emotional content, like a smile or frown (De Houwer
et al., 2001). The prior emotional episodes associated with
a stimulus can play just as important a role as the currently
expressed emotion. For example, people who suffer from a
traumatic event sometimes later display maladaptive behav-
ior toward neutral objects or people because of associations
with an extremely negative situation. In contrast, commer-
cial advertisements exploit the association between a prod-
uct and positive emotion (e.g., a happy family at McDon-
ald’s). Clearly, an emotionally valenced association can have
different consequences depending on whether it is positive
or negative (Stuart et al., 1987).

In the present study, we examined how the associated
valence of a human face influences cognitive control ability
with respect to that stimulus. Cognitive control, sometimes
referred to as executive functioning, is a set of processes
responsible for selecting task-relevant target information and
filtering out task-irrelevant distractor information in pursuit
of a goal. This goal-oriented behavior is supported by two
complementary cognitive modes: goal maintenance and goal
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shifting. Goal maintenance refers to the ability to establish
and maintain a task set, so that goal-directed behaviors can
be executed despite interference from conflicting alternative
behaviors (Sakai, 2008). For example, in the color Stroop
task, participants name the ink color in which a color word is
written. Therefore, the best performance is attained by main-
taining attentional focus on ink color and ignoring the word.
In contrast, goal shifting refers to the ability to override a
previous task set in order to perform a different task when
multiple tasks are performed in sequence (Robbins, 2007).
For example, in a task-switching paradigm, participants
perform two distinct tasks (e.g., separate sets of stimulus-
response mapping rules). Therefore, the best performance
can be achieved by flexibly shifting task goals. While it is
beyond the scope of the current study to determine the exact
relationship between cognitive stability (i.e., goal main-
tenance) and cognitive flexibility (i.e., goal shifting), the
present research examines how they are influenced by the
emotional valence associated with the target stimulus.

Our main interest is the effect of the associated emotion,
which requires exposure to the stimulus-emotion associa-
tion for an extended amount of time. However, most of the
previous studies have examined the immediate effect of emo-
tion, such as how the processing of one emotional stimulus
affects cognitive control on a subsequent trial (for a review,
see Zinchenko et al., 2020). Typically, emotional stimuli
are more salient than neutral stimuli and therefore attract
attention more readily (Pilarczyk & Kuniecki, 2014; Straub
et al., 2020). For this reason, many studies have contrasted
the performance between negative/positive and neutral emo-
tion conditions. For example, in a series of studies, Kanske
and Kotz have demonstrated that task-irrelevant positive
emotion stimuli, in comparison with task-irrelevant neutral
stimuli, can reduce cognitive conflict markers such as the
flanker effect (Kanske & Kotz, 2011c¢) and the Simon effect
(Kanske & Kotz, 2012). Kanske and Kotz, however, also
reported that a negative emotion stimulus can reduce the
flanker effect (Kanske & Kotz, 2010, 2011a) and the Simon
effect (Kanske & Kotz, 2011b) in comparison with a neutral
emotion stimulus. It is clear that the presence of emotional
content has an influence on cognitive measures.

Because both positive and negative emotional stimuli
may heighten focus and facilitate cognitive performance,
a more direct comparison is necessary to examine whether
positive and negative valence have different effects on cog-
nitive control. Using an emotion version of the Simon task,
Schlaghecken et al. (2017) asked participants to respond to
the emotion of a face (happy or sad) presented on either the
left or the right side of the screen by responding with their
left or right hand. In the Simon task, participants produce
a spatial response to a non-spatial stimulus presented in a
location that is either congruent or incongruent with the
response location. Schlaghecken et al. found significantly
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smaller Simon effects for negative faces than for positive
faces. In a very similar experimental setup, Lien et al. (2020)
also demonstrated that the Simon effect was significantly
smaller for negative faces than for positive faces. That is,
when responding to a negative stimulus, the interference
from the stimulus location was smaller than when respond-
ing to a positive stimulus, implying that cognitive control
may be facilitated when the stimulus is associated with nega-
tive valence.

Yamaguchi et al. (2018) also utilized an emotion Simon
task that asked participants to respond with a joystick. They
examined the effect of emotional valence on approach/avoid-
ance task performance. In their third experiment, partici-
pants responded to a positive stimulus (e.g., flowers) or a
negative stimulus (e.g., spiders) by moving the joystick to
the left or right. As the stimulus was also presented either on
the left or the right location, this design inherently created an
approach response to the compatible stimulus and an avoid-
ance response to the incompatible stimulus, regardless of
the valence. A positive stimulus typically elicits an approach
response, while a negative stimulus elicits an avoidance
response. Therefore, the compatible-incompatible nature of
the Simon task amplifies the approach tendency when the
stimulus is positive, possibly augmenting the Simon effect.
However, with a negative stimulus, the compatible-incom-
patible stimulus location is against the avoidance tendency,
diminishing the Simon effect. Yamaguchi et al. observed
exactly this pattern of results: a smaller Simon effect with
negative stimuli than with positive stimuli. Altogether, these
results support the notion that a stimulus eliciting negative
emotion can be handled with more cognitive control.

While such studies adopting the interference paradigm
provide evidence for more efficient cognitive control with
negative emotion, attentional set-switching studies have pro-
vided a different perspective. Several studies have shown that
positive, as compared with negative, valence improves cog-
nitive flexibility (Dreisbach & Goschke., 2004; Wang et al.,
2017; Yang & Yang., 2014). Wang et al. (2017) adopted a
set-switching paradigm in which participants maintained the
same attentional set (e.g., performing the designated task on
ared target while ignoring the blue distractor) over a certain
number of trials, and then either kept the same attentional
set or switched to a different attentional set. In their results,
the cost of shifting the attentional set was substantially
reduced when the task was accompanied by a photograph
of a positive scene as opposed to a negative scene. Further,
adopting the task-switching paradigm, in which participants
performed two tasks with distinct stimulus-response map-
ping rules (e.g., categorizing stimuli by color or by shape),
Yang and Yang (2014) observed that the task switch cost
was substantially smaller when a positive rather than a neu-
tral mood was induced. These results suggest that positive
emotion facilitates flexible deployment of cognitive control.
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It should be noted that there are a number of differences
between the above-mentioned studies with different implica-
tions regarding the relationship between emotion and cogni-
tive performance. For example, in the interference paradigm
studies, the emotion changed on a trial-by-trial basis, result-
ing in a phasic effect of emotion. However, in the switch-
ing studies, the emotion was induced and maintained over a
block of trials, resulting in a tonic effect of emotion. Also, in
many previous studies with the interference paradigm, par-
ticipants directly responded to the emotional content of the
target stimulus. That is, the emotion was the relevant target
dimension. However, in the studies with the task-switching
paradigm, participants responded to a non-emotional target
stimulus, rendering the induced emotion irrelevant to the
task. Further, differences in stimulus domain to manipulate
emotional status (e.g., schematic faces, emotional scenes,
and inducing positive emotion with a surprise gift) make
it difficult to draw a strong conclusion from the previous
studies.

More critically, the studies mentioned above exam-
ined the effects of emotion on different types of cognitive
control. For example, the studies that demonstrated better
cognitive control with negative emotion adopted the inter-
ference paradigm, in which the stability of cognitive con-
trol is emphasized more. Efficiency during the Simon task
can be best achieved by persistently maintaining the goal
of responding to the non-spatial target while filtering out
the spatial distractor. In contrast, the switching studies that
demonstrated better cognitive control with positive emotion
emphasized the flexibility of cognitive control. The switch
cost can be minimized when participants do not perseverate
on the previous task when they need to switch to a differ-
ent task. Therefore, one may argue that the previous studies
imply that negative emotion is more effective for cognitive
stability, but that positive emotion is more effective for cog-
nitive flexibility. However, the emotional impact on cog-
nitive flexibility and cognitive stability have been studied
separately. Consequently, these studies inevitably adopted
different styles of manipulating the emotion factor, which
further undermines the direct comparison between the two
camps of literature. Therefore, we aim to directly compare
the effects of positive and negative emotions on cognitive
control in one study.

Another difference of the current study from the previ-
ous literature is that we are interested in the effect of an
already established emotional valence toward a stimulus,
rather than the immediate effect of emotion on cognitive
control. While the associated effect of emotion on cognitive
control has received very little attention to date, Tae et al.
(2021) examined the effect of associated cognitive control
on emotion, which is the opposite direction of our interest.
Adopting an association-transfer paradigm, Tae et al. investi-
gated how stimuli would be perceived emotionally, when the

stimuli are associated with either a high level of cognitive
control or a low level of cognitive control. In the association
phase of Experiment 1 of Tae et al., participants performed
the gender Stroop task with some actors appearing more
frequently in the congruent condition (i.e., low cognitive
control) and other actors more frequently in the incongruent
condition (i.e., high cognitive control). In the transfer phase,
participants performed the emotion recognition task with
the same actors from the association phase, now expressing
either positive or negative emotion. Tae et al.’s (2021) results
show that the actors associated with high cognitive control
were responded to faster when they expressed positive emo-
tion than when they expressed negative emotion. The stimuli
in the low cognitive control condition did not show such an
effect, suggesting that the stimulus associated with a high
level of control can be perceived as positive.

Further, in the association phase of Experiment 2 in Tae
et al. (2021), cognitive control was manipulated by associat-
ing either frequent task switching or frequent task repetition
with specific actors. Some actors appeared more frequently
when the current task was different from the previous one
(i.e., high level of control), while others more frequently
appeared for repeating the same task (i.e., low level of con-
trol). The transfer results for this experiment also showed
that, for the actors associated with high cognitive control,
positive emotion was recognized faster than negative emo-
tion. The actors associated with low cognitive control did
not show such an effect. These results are consistent with
the notion that successful conflict resolution can be more
positive than negative (Ivanchei et al., 2019; Schouppe et al.,
2015). Based on Tae et al.’s results, we can infer that, if the
high cognitive control results in more positive than nega-
tive emotion, it is reasonable to expect that positive emo-
tion should in turn promote cognitive control. We tested this
implication using the same association-transfer paradigm but
flipping the components of each phase: we begin with emo-
tion association and then test the transfer to cognitive per-
formance. In addition, to maintain the continuity from Tae
et al.’s study, we adopted the gender Stroop task to exam-
ine cognitive stability rather than the Simon task utilized in
many previous studies.

In sum, the aim of the current study was twofold. First,
we investigated the effect of emotion on two different types
of cognitive control (i.e., stability and flexibility) in one
study, using the same manipulation of emotion process-
ing. Second, we investigated the effect of already estab-
lished emotion, rather than its immediate effect, using an
association-transfer paradigm. In the association phase of
two experiments reported here, participants performed an
emotion recognition task with stimuli associated with either
negative or positive emotion. Half of the actors frequently
displayed a positive (i.e., happy) emotion and the other half
frequently displayed a negative (i.e., angry) emotion. Then,
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in the transfer phase, with the emotionless faces of the same
actors from the association phase, participants completed
a gender Stroop task in Experiment 1, or task switching
between an age task (i.e., to judge a face as old or young)
and a gender task (i.e., to judge a face as male or female) in
Experiment 2.

The previous literature leads to several hypotheses. For
example, some studies (e.g., Schlaghecken et al., 2017;
Yamaguchi et al., 2018) suggest that negative valence
promotes cognitive stability. Thus, one would expect that
the Stroop effect in Experiment 1 will be smaller for the
faces that are associated with negative valence than posi-
tive valence. Other previous studies (e.g., Wang et al., 2017;
Yang & Yang., 2014) suggest that positive valence promotes
cognitive flexibility. Therefore, one would expect that the
task-switch cost in Experiment 2 will be smaller for the faces
associated with positive valence than the faces associated
with negative valence. Further, yet another group of studies
(e.g., Ivanchei et al., 2019; Schouppe et al., 2015; Tae et al.,
2021) suggest that a high level of cognitive control favors
positive rather than negative emotion. Then, one would
expect that positive emotion may in turn facilitate cognitive
control. The current study, therefore, provides an opportu-
nity to investigate whether the cognitive control facilitated
by positive emotion can be generalized to both cognitive
stability in the Stroop task (Experiment 1) and cognitive
flexibility in task switching (Experiment 2).

Experiment 1

Experiment 1 tested whether stimulus-specific positivity
and stimulus-specific negativity have different effects on
cognitive performance during a task that requires cognitive
stability. The association phase is intended to expose partici-
pants to associations between actors’ faces and either posi-
tive or negative emotion, and the transfer phase tests how
participants’ cognitive control performance differs for the
same faces (but with neutral expression) depending on this
learned association (positive or negative). In the association
phase of Experiment 1, participants performed an emotion
recognition task. Half of the actors displayed a positive emo-
tion (e.g., happy) on 80% of the trials they appeared in, the
mostly positive (MP) condition. The other half displayed
a negative emotion (e.g., angry) on 80% of the trials they
appeared in, the mostly negative (MN) condition. During the
transfer phase, the same actors appeared in an emotionless,
neutral state, and participants performed the gender Stroop
task, responding to the gender of the face while ignoring the
gender word imposed upon the face. If item-specific negativ-
ity facilitates cognitive stability, the congruency effect (the
difference in reaction time for congruent vs. incongruent
faces) should be smaller for the MN faces than for the MP
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faces. However, if item-specific positivity facilitates cogni-
tive stability, the congruency effect should be smaller for the
MP faces than for the MN faces.

Method
Participants

In Experiment 1, we recruited 53 college students (38
females, M,,, = 20.5 years) from The George Washington
University for course credit.! All participants had normal
or corrected-to-normal vision and they provided written

informed consent before participating in the experiment.
Materials

Participants performed an emotion-recognition task for the
association phase and the gender Stroop task for the trans-
fer phase. For each task, we used face stimuli of 12 actors
(six males and six females) from the Karolinska Directed
Emotional Faces (KDEF, Lundqvist et al., 1998). For the
emotion-recognition task, positive (i.e., happy) and negative
(i.e., angry) faces of the actors were used. For the gender
Stroop task, emotionless, neutral faces of the same actors
were used with a superimposed gender word (i.e., “MALE,”
“FEMALE,” “MAN,” or “WOMAN”). The list of identifica-
tion codes of these pictures is presented in Appendix Table 5.

Procedure and design

In the association phase, participants were instructed to
respond to the emotion of the actor as accurately and as
quickly as possible. Each trial started with a fixation cross
presented at the center of the screen for 500 ms, followed by
a face stimulus, which was displayed until a response was
made. The participants pressed “5” or “6” on the number
keypad for “positive” or “negative” responses, respectively,
and the response-to-key mapping was counterbalanced
across participants. After the response, the screen went black
for 1,000 ms until the next fixation cross appeared. There
were 16 practice trials with an equal number of positive
and negative trials. In the main association phase, positive
and negative faces of 12 actors were presented 25 times,
resulting in 600 trials presented in five blocks. In the transfer
phase, the participants responded to the gender of the face
as accurately and as quickly as possible, while ignoring the

! We conducted a sensitivity power analysis to examine whether our
result provided enough power. The sensitivity analysis indicated that,
with the sample size of 53, the effect size (f) is expected to be > 0.25,
which equals 7°= .06. We obtained greater effect sizes than suggested
in both the association and the transfer phases.
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superimposing gender word. The time course of fixation,
face presentation, and black screen was identical to the asso-
ciation phase. Participants pressed “1” or ‘“2” for “MALE”
or “FEMALE” responses and the response-to-key mapping
was counterbalanced across participants. Each congruent
and incongruent stimulus of 12 actors was shown four times,
and these 96 trials were presented in two blocks.

Figure 1 depicts the overall design of Experiment 1. Dur-
ing the association phase, while keeping the overall pro-
portions of positive and negative faces at 50%, six actors
(three males and three females) appeared with a positive
expression for 40 out of 50 presentations, the mostly positive
(MP) condition. The other six actors appeared with a nega-
tive expression for 40 out of 50 presentations, the mostly
negative (MN) condition. The MP and MN faces were ran-
domly intermixed during the association phase. In the trans-
fer phase, congruent and incongruent trials were intermixed.

Results and discussion

In Experiment 1, response time (RT) and accuracy were ana-
lyzed, for both of which practice trials were excluded. For
the RT analysis, incorrect trials (2.37% of all experimental

trials) and trials with RTs above 3 SDs from each partici-
pant’s mean RT (1.78% of all experimental trials) were
further excluded. For both association and transfer phases,
the descriptive statistics are presented in Table 1, the full
ANOVA results are presented in Table 2, and Fig. 2 depicts
the RT results.

For the association phase, RTs and accuracies were sub-
jected to a 2 X 2 repeated-measures ANOVA with item-spe-
cific proportion valence (Mostly Positive and Mostly Nega-
tive) and valence (Positive and Negative) as within-subject
variables. For RT of the association phase, while the main
effects of proportion valence and valence were not signifi-
cant, ps > .06, there was a significant interaction between
item-specific proportion valence and valence of the faces
F(1,52) = 14.43, p < .001, ;11,2 = .21. In the MN condition,
the response to negative faces (M = 666 ms, 95% CI [623,
710]) was faster than to positive faces (M = 685 ms, 95% CI
[641, 729]), t(52) = 2.47 , p < .05. In the MP condition, the
response to positive faces (M = 649 ms, 95% CI [611, 687])
was faster than to negative faces (M = 709 ms, 95% CI [641,
776)), 1(52) = 3.04, p < .01. For the accuracy, the interaction
effect was also significant, F(1,52) = 21.75, p < .001, npz =
.29. While the affective priming effect was not shown in the
MN condition (M = .96), p > .07, the accuracy of positive
faces (M = .97, 95% CI [96, 98]) was higher than negative

Associative Phase

Mostly Positive

Pos
(80%)

Mostly Negative

Transfer Phase

MALE FEMALE

Congruent

(50%)

Fig. 1 Overall design of Experiment 1. In the associative phase, posi-
tive and negative faces were presented and participants judged the
emotion of the face. Some faces appeared 80% of the times in the
positive (Pos) condition and other face appeared 80% of the times in

Pos
(20%)
FEMALE

the negative (Neg) condition. In the transfer phase, participants were
asked to decide gender of the face while ignoring the overlapped gen-
der word. Congruent and Incongruent stimuli were presented equally
often

Congruent
(50%)
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Fig.2 The results of Experiment 1 for each type of trial. Panel A:
Mean reaction time for positive (dark gray bar) and negative (light
gray bar) faces in associative phase. Panel B: Mean reaction time for

faces (M = .95, 95% CI [93, 96]) in the MP condition, #(52)
=4.27, p < .001. Other effects were not significant for accu-
racy, ps > .05.

For the transfer phase with the gender Stroop task, RTs
and accuracies were subjected to a 2 X 2 repeated-measures
ANOVA with two within-subject factors: previous item-
specific proportion valence (Mostly Positive and Mostly
Negative) and congruency (Congruent and Incongruent).
For the response time, there was a significant congruency
effect, F(1,52) = 9.79, p < .005, np2 = .15, in which con-
gruent items (M = 622 ms, 95% CI [576, 669]) were faster
than incongruent items (M = 665 ms, 95% CI [609, 722]).
Furthermore, the interaction between previous proportion
valence and congruency was significant, F(1,52) = 7.1, p
< .05, 77[,2 =.12. The congruency effect was not significant
for MP items, p > .24. However, in the MN condition, the
congruent items (M = 611 ms, 95% CI [570, 652]) were
faster than the incongruent items (M = 675 ms, 95% CI
[622, 729]), t(52) = -4.65, p < .001. For the accuracy data,
there was a main effect of congruency, F(1,52) = 17.61, p
<.001, npz = .25. The accuracy was higher for congruent
stimuli (M = .97, 95% CI [96, 98]) than for incongruent
stimuli (M = .94, 95% CI [93, 96]). The congruency effect
was modulated by proportion valence stimulus in the asso-
ciation phase, F(1,52) =8.19, p < .01, ;7,,2 =.13. In the MN
condition, the mean accuracy for incongruent stimuli (M =
.94, 95% CI [92, 95]) was lower than for congruent stimuli
(M = .98,95% CI[96, 99]), t(52) = -4.96, p < .001, but the
effect disappeared in the MP condition (M = .96), p > .1.

We found that the difference between congruent and
incongruent stimuli disappeared in the mostly posi-
tive condition in the transfer phase, suggesting that the
item-specific positive valence, as opposed to the negative
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congruent (dark gray bar) and incongruent (light gray bar) stimuli in
transfer phase. Error bars represent standard errors

valence, of the association phase facilitated target process-
ing while filtering out the distractor. The current result is
not consistent with previous studies that have found that
negative valence, rather than positive valence, increases
cognitive control (Lien et al., 2020; Schlaghekcen et al.,
2017; Yamaguchi et al., 2018). However, it is consistent
with Tae et al. (2021), who found that the high level of
cognitive control can result in positive emotion. We dis-
cuss this further in the General discussion.

Experiment 2

Experiment 2 tested the effect of emotion on a different type
of cognitive control: goal shifting. While the congruency
effect reflects the amount of cognitive control to filter out the
concurrent distractor, the switch cost reflects the cognitive
effort to disengage from the previous task and to engage in
the current task. Identical with Experiment 1, the participants
performed the emotion recognition task with positive or neg-
ative faces of eight actors from FACES (Ebner et al., 2010).
Half of the actors displayed a positive emotion on 80% of the
trials they appeared in, the mostly positive (MP) condition.
The other half displayed a negative emotion on 80% of the
trials they appeared in, the mostly negative (MN) condition.
In the transfer phase, participants performed an age task (cat-
egorizing the age of the actor) and a gender task (categoriz-
ing the gender of the actor). The actors from the association
phase appeared in the transfer phase with a neutral expres-
sion. The age task and the gender task were randomly inter-
mixed, and the color of the picture frame indicated which
task to perform. Therefore, the two consecutive trials may
involve the same task (task repetition) or a different task (task
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switch). Typically, the response time is slower when switch-
ing to a different task (e.g., from the age task to the gender
task) than repeating a task (e.g., from the age task to the age
task). Therefore, the extent of cognitive control is measured
by the reaction time difference between the switch trials and
the repetition trials. If a negative emotion facilitates cogni-
tive flexibility (i.e., switching ability), then the switch cost of
the previously MN faces will be smaller than the switch cost
of the previously MP faces. If a positive emotion facilitates
cognitive flexibility (i.e., switching ability), however, then the
switch cost of the previously MP faces will be smaller than
the switch cost of the previously MN faces.

One interesting aspect of the task-switching paradigm
is that it can provide an opportunity to examine the effect
of trial congruency between two tasks. In Experiment 2,
we asked participants to perform either the age task or the
gender task with the same set of human faces. Each face is
associated with a particular response category from each
task (e.g., young and male, old and female), and the cor-
rect response category becomes different depending on the
task. Further, we adopted two-to-one response-to-key map-
ping: one response category from each task was mapped
to the same response key. For example, for some partici-
pants, “MALE” and “OLD” were assigned to “1” on the
keypad, and “FEMALE” and “YOUNG” were assigned to
“2” on the keypad. Then, old male faces and young female
faces are responded to with the same key regardless of the
task, therefore congruent. However, young male faces and
old female faces are associated with two different response
keys, and the correct response must be selected depending
on the target dimension of the task (e.g., age for the age
task), while ignoring the distractor dimension (e.g., gender
for the age task), therefore incongruent. Because the congru-
ency effect was modulated in Experiment 1, Experiment 2
further allows us to examine whether associated emotion
modulates the congruency effect (in addition to or instead
of switch cost) when the congruency is embedded in a more
complex task structure.

Method
Participants

In Experiment 2, 38 college students (20 females, Mage
= 21.2 years) at The George Washington University par-
ticipated for course credit.> All participants had normal

2 The sensitivity analysis indicated that, with the sample size of 38,
the effect size (f) is expected to be > 0.30, which equals to 7= .085.
We obtained greater effect sizes than suggested in both the associa-
tion and the transfer phases.

or corrected-to-normal vision and they provided written
informed consent before the experiment.

Materials

Experiment 2 adopted the association-transfer paradigm
used in Experiment 1. In the association phase, participants
performed the emotion recognition task with positive (i.e.,
happy) and negative (i.e., angry) faces. We selected posi-
tive and negative faces of eight actors (two old males, two
old females, two young males, and two young females)
from FACES (Ebner et al., 2010). In the transfer phase,
the pictures of the same actors were presented with neutral
emotion. Each face was presented with one of two colored
frames, communicating the task to perform. If the picture
was presented with a green frame, participants judged
whether the actor was young or old. If the picture was pre-
sented with a yellow frame, they judged whether the actor
was male or female. The list of identification codes of these
pictures is presented in Appendix Table 6.

Procedure

In the association phase, participants were instructed
to identify the emotion of the face as accurately and as
quickly as possible. Each trial started with a fixation cross
for 300 ms at the center of the screen, followed by a face
stimulus that was displayed until a response was made.
The keys “5” and “6” on the keypad were used for “posi-
tive” and “negative” responses and the response-to-key
mapping was counterbalanced across participants. After
the response, feedback was presented at the center of the
screen for 300 ms. There were 16 practice trials with an
equal proportion of positive and negative stimuli. In the
main association phase, each of the eight actors appeared
120 times, resulting in 960 trials presented in eight blocks.
In the transfer phase, the participants responded to the
gender or age of a neutral face stimulus. The duration
of each trial component was identical to the association
phase. The face stimulus appeared with a green or yel-
low frame. One of two response keys was assigned to one
response of each task. For example, “1” is assigned to
“MALE” and “OLD” responses, and “2” to “FEMALE”
and “YOUNG.” The response grouping and the mapping
between response category and key were counterbalanced
across participants. Neutral, emotionless faces of the eight
actors were presented 24 times, equally often for the age
task and the gender task, resulting in 192 trials presented
in three blocks. Because we selected the same number
of actors from each category of age and gender (i.e., two
actors from each of old-male, old-female, young-male, and
young-female), there was an equal number of congruent
and incongruent trials (i.e., 96 trials).
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Table 1 Accuracy and reaction time with standard deviation in parentheses for each condition in Experiment 1

Accuracy

Association phase

Positive

Mostly Negative .96 (.04)

Mostly Positive .98 (.03)
Reaction time
Association phase
Positive

Mostly Negative 685 (22)

Mostly Positive 649 (19)

Transfer phase

Negative Congruent Incongruent

97 (.03) .98 (.04) .94 (.06)

.95 (.05) 97 (.06) .95 (.06)
Transfer phase

Negative Congruent Incongruent

666 (22) 611 (20) 675 (27)

709 (34) 634 (29) 655 (31)

During the association phase, while keeping the overall
proportion of positive and negative at 50%, we manipulated
the positive or negative proportion to be different at the
item level. Four actors (one from each category of old male,
young male, old female, and young female) appeared with
a positive expression for 96 out of 120 times, the mostly
positive (MP) condition. The other four actors appeared with
a negative expression for 96 out of 120 times, the mostly
negative (MN) condition. The MP and MN faces were ran-
domly intermixed during the association phase. During the
transfer phase, the overall proportion of task repetition and
switching trials was 50%, and the proportion of congruent
and incongruent trials was also 50%.

Results and discussion

In Experiment 2, RT and accuracy were analyzed, for both
of which practice trials were excluded. For RT, incorrect
trials (4.53% of all experiment trials) and trials with RTs
longer than 3 SDs from each participant’s mean RT (1.57%

of all experiment trials) were further excluded. For both
association and transfer phases, the descriptive statistics
are presented in Table 3, the full ANOVA results are pre-
sented in Table 4, and Fig. 3 depicts the RT results.

For the association phase, both RTs and accuracy were
subjected to a two-way ANOVA with item-specific propor-
tion valence (Mostly Positive and Mostly Negative) and
valence (Positive and Negative). For RT data, participants
took longer to identify the negative emotion (M = 560
ms, 95% CI [539, 581]) than the positive emotion (M =
552 ms, 95% CI [532, 572]), F(1,37) =4.23, p < .05, npz
= .1. While the main effect on item-specific proportion
valence was not significant, p >.95, there was a significant
interaction between item-specific proportion valence and
valence of the face, F(1, 37) = 38.38, p < .001, npz =.5.
In the MN condition, the response to negative faces (M =
549 ms, 95% CI [529, 570]) was faster than the response
to positive faces (M = 563 ms, 95% CI [541, 584]), 1(37) =
-2.59, p < .05. In the MP condition, the response to posi-
tive faces (M = 542 ms, 95% CI [522, 561]) was faster than
to negative faces (M = 570 ms, 95% CI [547, 5941]), 1(37)

Table2 Complete ANOVA results of accuracy and reaction time of Experiment 1

Association phase

Accuracy
Source daf F P
PV 1,52 .01 .894
\% 1,52 3.88 .054
PVxV 1,52 21.75 .001#%*
Transfer phase

Accuracy
Source daf F P
PV 1,52 .09 157
C 1,52 17.61 .001%*
PVxC 1,52 8.19 .006%*

Reaction time

e F P T

001 24 62 005
07 3.64 062 066
275 14.43 0015+ 217

Reaction time

e F P T
002 01 917 001
253 9.79 003+ 159
136 7.1 01 12

Note. *p <.05. *¥p<.01

PV proportion valence, V valence, C congruency
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Table 3 Accuracy and reaction time with standard deviation in parentheses for each condition in Experiment 2
Accuracy
Association phase Transfer phase
Positive Negative Repeat Switch
Congruent Incongruent Congruent Incongruent
Mostly Negative .94 (.06) .96 (.04) 91 (.08) .84 (.12) 91 (.12) 13 (.17)
Mostly Positive .96 (.03) .94 (.05) .95 (.06) 83 (1) 91 (.12) 74(.19)
Reaction time
Association phase Transfer phase
Positive Negative Repeat Switch
Congruent Incongruent Congruent Incongruent
Mostly Negative 563 (65) 549 (61) 747 (128) 765 (106) 883 (159) 984 (183)
Mostly Positive 542 (59) 570 (70) 750 (124) 792 (113) 877 (167) 956 (153)
Table4 Complete ANOVA results of accuracy and reaction time of Experiment 2
Association phase
Accuracy Reaction time
Source df F p 7 F P i
PV 1,37 22 .64 .006 .003 989 .000
v 1,37 .66 419 .018 4.23 .047% .103
PVxV 1,37 10.46 .003** 22 38.38 .001** .509
Transfer phase
Accuracy Reaction time
Source df F P I F P I
PV 1,37 21 .646 .006 .01 .907 .001
TT 1,37 18.34 .001#* 331 140.91 .001** 192
C 1,37 61.05 .001%* .623 26.08 .001%%* 413
PVxTT 1,37 14 .708 .004 4.8 .035% 115
PVxC 1,37 .02 .882 .001 .01 942 .001
TTxC 1,37 13.61 .001** .269 11.2 .002%%* 232
PVxTTxC 1,37 2.16 15 .055 1.6 213 .042

*p <.05. *¥p<.0]

PV proportion valence, V valance, 7T trial type, C congruency

=-5.83, p < .001. For the accuracy data, the interaction
effect was also significant, F(1,37) = 10.46, p < .01, npz
= .22. In the MP condition, the accuracy of positive faces
was higher (M = .96, 95% CI [94, 96]) than negative (M
=.94,95% CI [92, 96]), t(37) = 2.33, p < .05. In the MN
condition, the accuracy of negative faces (M = .96, 95%
CI [94, 97]) was higher than positive (M = .95, 95% CI
[91, 95]) , #(37) = 3.15, p < .01. Other effects were not
significant for accuracy, ps > .41.

For the transfer phase, RTs and accuracy were sub-
jected to three-way ANOVAs with item-specific propor-
tion valence from the association phase (Mostly Positive
and Mostly Negative), trial type (Switch and Repetition),
and response congruency (Congruent and Incongruent) as
within-subject factors. The response for repetition trials

(M =763 ms, 95% CI [730, 797]) was significantly faster
than for the switch trials (M = 925 ms, 95% CI [876, 974]),
F(1,37) = 140.91, p < .001, npz = .79, and the response
time for congruent trials (M = 814 ms, 95% CI [771, 857])
was significantly faster than for the incongruent trials (M
= 874 ms, 95% CI [834, 914]) , F(1, 37) = 26.08, p <
.001, npz = .41. While the main effect of previous valence
proportion was not significant, p > .9, the task transition
effect was modulated by the valence proportion during the
association phase, F(1, 37) = 4.8, p < .05, 77,,2 =.11. In the
MP condition, the difference between switch (M = 933 ms,
95% CI [881, 986]) and repetition trials (M = 756 ms, 95%
CI [721, 790]) was significant, #(37) = -11.29, p < .001.
Also in the MN condition, the difference between switch
(M =917 ms, 95% CI [868, 965]) and repetition trials (M
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Fig.3 The results of Experiment 2 for each type of trial. Panel A:
Mean reaction time for positive (dark gray bar) and negative (light
gray bar) faces in associative phase. Panel B: Mean reaction time
for repeat (dark gray bar) and switch (light gray bar) trials in transfer
phase. Error bars represent standard errors. Although the design of

=771 ms, 95% CI [735, 806]) was significant, #(37) =
-9.63, p < .001. However, the switch cost was smaller in
the MP condition (M = 145 ms, 95% CI [115, 176]) than
in the MN condition (M = 177 ms, 95% CI [145, 209]),
t(37) = 2.19, p < .05. Also, there was an interaction effect
between response congruency and trial types, F(1, 37) =
11.2, p < .01, ’7,;2 = .23; congruency effect was greater in
the switch trials (M = 90 ms, 95% CI [57, 123]) than in the
repetition trials (M =29 ms, 95% CI [3, 56]), #(37) = 3.34,
p < .01. However, response congruency was not modulated
by the valence proportion, p > .8, and the three-way inter-
action was not significant either, p > .15.

For accuracy data of the transfer phase, the accuracy for
switch trials (M = .82, 95% CI [78, 86]) was lower than the
accuracy for repetition trials (M = .88, 95% CI [86, 90]),
F(1, 37) = 18.34, p < .001, npz = .33, and congruent tri-
als (M = 91, 95% CI [89, 94]) were more accurate than
the incongruent trials (M = .79, 95% CI [75, 82)), F(1, 37)
= 61.05, p < .001, npz = .62. The congruency effect was
modulated by the trials types, F(1, 37) = 13.61, p < .005,
npz =.26. The accuracy difference between incongruent and
congruent trials was bigger in the switch trials (M = .17,
95% CI [.12, .22]) than in the repeat trials (M = .08, 95%
CI[.05,.11]), #(37) = 3.68, p < .005. Other effects were not
significant, ps > .15.

We found that mostly positive items enhance cognitive
flexibility; switch cost in the MP condition was significantly
smaller than in the MN condition. However, different from
Experiment 1, the associated emotion did not affect the con-
gruency effect. We discuss the lack of an interaction between
emotion and response congruency in the General discus-
sion. Experiment 1 and Experiment 2 suggest that positively
valenced stimuli lead to both increased cognitive stability
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the transfer phase includes one more variable (i.e., trial congruency),
for the simplicity of the presentation and due to the lack of a signifi-
cant three-way interaction, we present here the results based on two
factors; proportional valence and task transition

and cognitive flexibility that protect against the influence of
distractor stimuli.

General discussion

The purpose of the current study was to investigate the effect
of valence (positive vs. negative) on the stability and flex-
ibility of cognitive control. In the association phase of both
experiments reported here, participants identified the emo-
tion of the face as positive or negative. Half of the faces
were presented in the mostly positive (MP) condition and
the other half in the mostly negative (MN) condition. In the
transfer phase of Experiment 1, the same faces were pre-
sented in a neutral emotion and participants performed the
gender Stoop task. The congruency effect (e.g., the differ-
ence in performance between the congruent and incongruent
conditions) was significant for MN faces, but not for MP
faces. This is an indication that positive valence can result
in better cognitive stability than negative valence, in the
sense that participants were better able to maintain the task
rules for the gender Stroop task (i.e., identifying targets and
ignoring distractors) for the faces associated with a positive
emotion rather than for the faces associated with a negative
emotion. The previous studies (e.g., Schlaghecken et al.,
2017; Yamaguchi et al., 2018), which utilized the response
conflict paradigm (e.g., the Simon task), implied that nega-
tive valence would promote cognitive stability. Although
our data are not consistent with this hypothesis, they are
consistent with the Tae et al. (2021) study, which suggests
that more efficient cognitive control can result in positive
valence toward the stimulus.
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In the transfer phase of Experiment 2, participants identi-
fied the age or the gender of the face in a task-switching par-
adigm. The switch cost (e.g., the difference in reaction time
between task switching and task repetition conditions) was
smaller for the MP faces than for the MN faces. These results
suggest that positive valence can promote better cognitive
flexibility than negative valence. Participants were better
able to flexibly switch between the age task and the gender
task for the faces associated with a positive emotion than
for the faces associated with a negative emotion. This result
is consistent with the implication from the task-switching
studies (e.g., Wang et al., 2017; Yang & Yang, 2014), which
imply that positive emotion can promote cognitive control.
In combination, the results imply that positive valence, in
comparison with negative valence, enhances both cognitive
stability and cognitive flexibility.

Additionally, in Experiment 2, we were able to examine
the effect of trial congruency and its interaction with task
transition and proportion valence. The congruency effect
was in fact substantial in the task-switching paradigm, and it
was greater with task switch than with task repetition, which
is consistent with previous results (Eich et al., 2016; Kiesel
et al., 2007; Meiran, 1996), suggesting that task switch-
ing may be more challenging with incongruent stimuli.
However, the congruency effect was not modulated by the
proportion valence, suggesting that the effect of associated
emotion was limited to task transition in the task-switching
paradigm. It is postulated that the task transition and the
trial congruency may constitute a hierarchical structure, in
which the congruency effect is subjected to task transition
and the effect of emotion is targeted at the higher level of
the hierarchy.

Before we further discuss our results, it should be noted
that the association phases of the current study lack the
baseline control condition with emotionless faces, which
in some studies have been randomly inserted among posi-
tive and negative faces. Therefore, although we found the
results showing more efficient cognitive control for positive
stimuli than for negative stimuli, it is unclear whether such
a difference is due to facilitated cognitive control for posi-
tive stimuli or due to impaired cognitive control for nega-
tive stimuli. Therefore, we acknowledge that the direction
of change in cognitive control is not clear, but we focus on
the relative difference between positive and negative stimuli
in this discussion. Nonetheless, future research may include
the neutral condition to further elucidate the exact nature of
the difference between the effects of positive and negative
valences.

Both the Stroop effect and the task switch cost can be
reduced when the level of cognitive control is high. There-
fore, one implication of our results is that positive emotion
associated with a stimulus (relative to negative emotion) can
elevate cognitive control. This implication is consistent with

a previous study that showed that stimuli associated with a
high level of cognitive control can trigger positive valence
(Tae et al., 2021). In Tae et al. (2021), for faces associated
with a high level of cognitive control (i.e., mostly incon-
gruent or mostly switching), responses to positive emotion
were faster than to negative emotion. This difference was
not observed for the faces that were associated with low
cognitive effort (i.e., mostly congruent or mostly repetition).
The mostly incongruent or mostly switching items require
resolution of cognitive conflict more often than mostly con-
gruent or mostly repetition items. Therefore, Tae et al.’s
finding suggests that exertion of cognitive effort can lead to
positive emotion. Combined with the current results, just as
the stimuli associated with persistent cognitive control can
acquire positive valence, the persistent positive valence, in
comparison with negative emotion, promotes higher cogni-
tive effort leading to a smaller Stroop effect or a smaller
switch cost.

One potential mechanism for the enhanced cognitive
control with positive versus negative valence can be related
to the findings that reward can increase efficient cognitive
processing. For example, Krebs et al. (2010) showed that
a reward-associated target decreased the Stroop effect but
a reward-associated distractor increased the Stroop effect.
That is, items associated with reward attract attention more
strongly. Furthermore, Park et al. (2019) showed that the
reward information is most effective when signaled by a
stimulus with positive valence as opposed to a stimulus
with negative or neutral emotion. Additionally, Park et al.
suggested that positive emotion and reward may activate
the same brain region (e.g., ventral striatum), implying that
reward and positive emotion affect cognitive performance in
a similar manner. This reward-based explanation is also con-
sistent with the notion that positive valence increases dopa-
mine (Schultz, 1998), and in turn that dopamine modulates
maintenance and updating of information in the prefrontal
cortex (Braver & Cohen, 2000), which regulates cognitive
control.

A behavioral explanation for our results can be related
to the approach tendency typically associated with positive
emotion. Paulus and Wentura (2016), for example, compared
behavioral tendencies for happy versus angry faces (Experi-
ment 1a), and happy versus fearful faces (Experiment 1b). In
these experiments, participants were asked to move a small
virtual figure toward or away from the positive or nega-
tive face. The results showed that approach responses for
happy faces were faster than avoidance responses, whereas
the reverse pattern was found for angry and fearful faces.
We argue that this approach tendency may render the target
information stronger in comparison with the distractor. As
demonstrated by Egner and Hirsh (2005), the reduction of
the congruency effect can be explained by the amplifica-
tion of the target information. In our results, the significant
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interactions were driven by the reduced Stroop effect or the
reduced switch cost with the stimuli previously associated
with positive emotion, reflecting the possible amplification
of the target information.

However, approach-avoidance has also been adopted
to explain the previous results that are not consistent with
ours. For example, Schlaghecken et al. (2017) and Lien
et al. (2020) found smaller Simon effects for negative faces
than for positive faces. Yamaguchi et al. (2018) also found
smaller Simon effects for negative stimuli (spiders) than
for positive stimuli (flowers). Yamaguchi et al. suggested
that the approach tendency toward a positive stimulus is
consistent with the toward response to the congruent posi-
tive stimulus, magnifying the Simon effect, but inconsist-
ent with the away response to the incongruent positive
stimulus, reducing the Simon effect. We speculate that
the task difference between the Simon task (e.g., in Yama-
guchi et al. and Schlaghecken et al.) and the Stroop task
(e.g., in the current study) may be critical in explaining
the discrepancy. In the Simon task, the target and the dis-
tractor occupy the same location, and therefore approach-
ing the target inherently means approaching the distrac-
tor. Therefore, when the target information is amplified
due to “approach,” the distractor can also be amplified. In
contrast, especially in the version of the Stroop task that
we used, although the distractor (the word) is imposed
upon the target (the face), they are spatially separable.
Therefore, the “approach” can be aimed just to the target
without activating the distractor, exclusively amplifying
the target information, which eventually reduces the dis-
tractor-related interference.

One key difference of our paradigm from previous stud-
ies is that we incorporated an association phase in which
participants were exposed to the associations between
faces and either positive or negative emotion. Then, in
the transfer phase, participants responded to faces without
emotion information. That is, the effects we observed in
the transfer phase should have been based on the retrieved
emotion. However, in the previous studies, emotion was
present regardless of whether people directly responded
to emotion or not. Despite this difference, we observed
consistent results with the studies focusing on cognitive
flexibility, namely task-switching studies. However, we
observed different results from the studies focusing on
cognitive stability, such as the studies that adopted an
interference paradigm. The latter discrepancy may also
be rooted in the different adaptive value associated with
present negative emotion as opposed to present positive
emotion. For example, the affect-as-information hypothesis
suggests that negative emotion signals possible dangers
in the environment (Schwarz & Clore, 2003), which then
increases detailed, analytic processing. Such detail-focused
processing may be the mechanism to increase cognitive

@ Springer

control in the context of immediately available negative
emotion. While it is intuitive that the present emotion and
the associated (retrieved) emotion may function differently
to some extent, the direct comparison seems to be rare in
the current literature. It would be an interesting new direc-
tion for future research to investigate the similarities and
the differences between immediately available emotion and
associated emotion.

Here, we report that stimuli that have been associated with
positive valence can lead to more efficient cognitive control
than stimuli associated with a negative valence. Our results
imply that positive emotion can promote better cognitive sta-
bility and flexibility than negative emotion, as demonstrated in
a gender Stroop task (that requires maintaining a high level of
cognitive control to reduce distractor interference) and a task-
switching paradigm (that necessitates cognitive flexibility to
switch between tasks). Our study adds to the growing body of
literature that demonstrates that cognitively demanding stim-
uli can acquire positive valence, suggesting that there is an
association between positive valence and increased cognitive
control. Moreover, our methods involve a learned association
(positive or negative), rather than an emotional stimulus that
changes trial to trial. This has interesting and important impli-
cations for any environmental object, event, or person that is
generally positive or negative, and the subsequent effects on
cognitive control. Our very ability to use controlled and flex-
ible attention may depend on our emotional associations with
stimuli in the environment.

Appendix

Table 5 Identification codes of face stimuli in Experiment 1

Association phase Transfer phase

Negative Positive Neutral
AFO01ANS AFO1HAS AFOINES
AFO05ANS AF0SHAS AFO5SNES
AF06ANS AF06HAS AFO6NES
AF07ANS AF07HAS AFO7NES
AF19ANS AF19HAS AF19NES
AF29ANS AF29HAS AF29NES
AMO1ANS AMO1HAS AMOINES
AMO7ANS AMOTHAS AMO7NES
AMOSANS AMOSHAS AMOSNES
AMI10ANS AMI10HAS AMI10NES
AMI11ANS AMI11HAS AMI11INES
AMI3ANS AMI3HAS AMI3NES

AF = KDEF A series female model; AM = KDEF A series male
model; ANS = Angry face; HAS = Happy face; NES = Neutral face
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Table 6 Identification codes of face stimuli in Experiment 2

Association phase

Transfer phase

Negative Positive Neutral
021_o_f a a 021_o_f h_a 021_o_f n_a
060_o_f a_a 060_o_f h_a 060_o_f n_a
125_y_f a_b 125_y_f h b 125_y_f n_b
132_y f ab 132_y_f h b 132_y_f n_b
033_o_m_a_b 033_o_m_h_b 033_o_m_n_b
091_o_m_a_b 091_o_m_h_b 091_o_m_n_b
109_y_m_a_b 109_y_m_h_b 109_y_m_n_b
144_y m_a_a 144_y_m_h_a 144 y m_n_a

0 = Old; y = Young; f = Female; m = Male; ‘a_a’ = angry face from
A set; ‘a_b’ = angry face from B set; ‘h_a’ = happy face from A set;
‘h_b’ = happy face from B set; ‘n_a’ = neutral face from A set; ‘n_b’
= neutral face from B set

Author Note This work was supported by the Ministry of Education of
the Republic of Korea and the Nation Research Foundation of Korea
(NRF- 2020S1A3A2A02103899).

Data availability The experiments and datasets for this experiment are
available at https://osf.io/ytehm and from the corresponding author on
reasonable request.
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