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Abstract It has been reported that engagement in several
kinds of cognitive activity can successfully inhibit unpleas-
ant emotions. In this study, we tried to replicate the previous
finding that cognitive activity can modulate subsequent
psychological and physiological emotional processes and
to investigate whether prior cognitive activity can attenuate
implicit emotional processes triggered by subliminal emo-
tional stimuli. Sixty students were randomly divided into
three groups (cognitive task group, noncognitive task group,
control group). The cognitive task group was asked to
engage in an n-back task, while the control group was asked
to stay calm. The noncognitive task group was asked to do a
handgrip-squeezing task. All participants then engaged in a
version of a subliminal affective priming task where they were
unconsciously exposed to affectively negative pictures. The
cognitive task group showed lower negative experiences after
the subliminal affective priming task and a substantial reduc-
tion in their heart rate responses, as compared with the other

groups. These results provide evidence that engagement in
cognitive activity can attenuate emotional processes in an
automatic and unconscious manner.
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Introduction

It has been reported that a wide range of emotion regulation
strategies that rely on cognitive activity are effective for
inhibition of unpleasant emotions (e.g., Erk, Abler, & Walter,
2006; Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003;
Liberzon et al., 2000; Monk et al., 2003). In line with such
previous findings, we (Iida, Nakao, & Ohira, 2011) showed
that engagement in several cognitive tasks for even 5 min
implicitly attenuated subsequent unpleasant emotional
responses triggered by affectively negative pictures. Such an
attenuating effect did not appear after a noncognitive task,
such as a handgrip-squeezing task. However, it is still unclear
how cognitive activity modulated subsequent emotional
processes.

Emotional processes contain bottom-up appraisal of stimuli
and top-down reappraisal of them (Ochsner et al., 2004).
Bottom-up appraisal consists of the emotional responses to
inherently emotional perceptual properties of the stimuli,
while top-down reappraisal acts on the emotional responses
by cognitive evaluations (McRae, Misra, Prasad, Pereira, &
Gross, 2011). The top-down process requires consciousness
and the awareness of emotions (Ochsner & Gross, 2007) and
is linked to current intentions, plans, and goals (goal based).
On the other hand, bottom-up appraisal is more stimulus
based, relying on sensory system information. It is of great
interest whether bottom-up appraisal or top-down reappraisal
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is a more appropriate explanation for the implicit attenuation
effects of negative emotion by prior cognitive activity. How-
ever, in generation of an emotion, processes of both bottom-up
appraisal and top-down reappraisal occur in parallel in a very
short time (Barrett, Ochsner, & Gross, 2007), and thus it is
somewhat difficult to dissociate the effects of prior cognitive
activity on these two processes in conventional experimental
paradigms of emotion regulation.

In this study, as a first step to elucidate the underlying
mechanisms of the effects of prior cognitive tasks in atten-
uating negative emotions, we specifically focused on the
bottom-up process. To exclude involvement of the top-
down process, we used a procedure of subliminal affective
priming (e.g., Jostmann, Koole, Van derWulp, & Fockenberg,
2005; Wallbott & Ricci-Bitti, 1993), where participants are
first exposed to a positive or negative affective stimulus
(prime) for very brief durations that preclude conscious detec-
tion, followed by an affectively neutral stimulus (target). In
such a situation, participants' affective reactions to the neutral
target are assessed (for recent reviews, see Berridge &
Winkielman, 2003; Zajonc, 2000). Typically, participants’
emotional reactions are unconsciously shifted to the direction
congruent with the affective valence of the prime stimulus
(subliminal affective priming effect). We used negative and
neutral affective pictures for the prime stimuli, in line with Iida
et al. (2011), and we used neutral and novel figures for the
target stimuli. A prevailing theory has suggested that sublim-
inal affective reactions occur in a very short time and, thus, are
unimpeded by top-down processes (Zajonc, 2000). If
prior performance of a cognitive task can attenuate
subsequent bottom-up processes of an emotion, the sub-
liminal affective priming effect will be diminished or
disappear. To examine this hypothesis, the effects of
prior cognitive activity on subjective evaluation of the
neutral targets that were preceded by affectively negative
primes were assessed. Additionally, if prior performance of a
cognitive task can attenuate subsequent bottom-up processes
of an emotion, implicit emotional responses caused by a
subliminal prime stimulus will also be diminished or disap-
pear. For a test of this hypothesis, on the basis of our previous
finding that prior cognitive tasks reduced both subjective
emotional experiences and physiological responses to emo-
tional stimuli (Iida et al., 2011), we measured both self-reports
and a physiological index—namely, heart rate (HR)—as emo-
tional responses.

Method

Participants

Sixty healthy graduate and undergraduate students who had
no history of major neurological or psychiatric disorders

volunteered to take part in the study. Each participant gave
informed consent. They were randomly divided into three
groups (cognitive task group, noncognitive task group,
and control group). Each group included 16 males and
4 females. The average age of the cognitive task group
was 24.3 years (range, 21–27; SD 0 2.0), that of the
noncognitive task group was 26.5 years (range, 22–31;
SD 0 2.9), and that of the control group was 25.7 years
(range, 21–29; SD 0 2.6).

Procedure

After an instruction about the procedure of the experi-
ment, physiological sensors were attached to partici-
pants. The participants underwent four testing stages
within a single experimental session: baseline (5 min),
cognitive task (5 min), emotional task (10 min), and
recovery (5 min). In the baseline stage, participants were
asked to stay calm. The cognitive and noncognitive task
groups were then asked to perform their respective tasks,
and the control group was again asked to stay calm. After
the cognitive task stage, all of the participants conducted the
emotional task. In the recovery stage, the participants
were again asked to stay calm. We collected data of
participants’ self-reports about their unpleasant emotions
after each stage and measured HR responses throughout
the entire session.

Cognitive task

A sequence of one-digit numbers were presented in a
random order. Each number was shown for 1 s after an
asterisk (fixation point) that was presented at the center
of a screen for 1 s. The cognitive task group was asked
to engage in a 2-back task; that is, they had to press a
“target key” when the number presented was identical to
the first of the two previous numbers. Otherwise, they
were to press a “nontarget key.” This response was
conducted by using an RB-730 response pad (Cedrus
Corporation, San Pedro, CA). Iida et al. (2011) exam-
ined the effects of prior cognitive task performance on
subsequent emotional responses, using three typical ex-
ecutive function tasks—the n-back task, the go/no-go
task, and a modified version of the Wisconsin card-
sorting test (WCST)—all of which require different cog-
nitive abilities. The n-back task requires maintenance
and permanent update of relevant pieces of information
in working memory, the go/no-go task requires inhibitory
control of a response, and the WCST requires set shifting.
Engagement in these three tasks equally attenuated subse-
quent emotional responses, regardless of their cognitive
natures. Hence, in this study, as a typical cognitive task, we
used the 2-back task, which is frequently used as a measure of
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executive function (e.g., Baddeley, 2003). All participants
performed this task at correct rates of 82%–96%.

Noncognitive task

The noncognitive task group was instructed to squeeze a 15-
kg handgrip commonly used to train hand muscles. The
handgrip consists of two handles connected by a wound
spring and is designed to build muscles in the forearm.
Individuals grasp the handgrip, which brings the handles
together and compresses the spring, thereby creating resis-
tance. Participants were asked to squeeze the handgrip once
every 2 s for 5 min. Iida et al. (2011) showed that this task
requires a similar degree of effort to the cognitive tasks
that were used in the study. Thus, we used the same
handgrip-squeezing task as a noncognitive task in this study
and evaluated the degree of effort in the same way as in
Iida et al.

Emotional task

For prime stimuli, 60 unpleasant pictures and 60 neutral
pictures selected from the International Affective Picture
System (IAPS; see the Appendix; Lang, Bradley, & Cuthbert,
1999) were used in the emotional task. In our preliminary
study where 13 graduate and undergraduate students who did
not participate in the present experiment rated the 658 pictures
in dimensions of valence, arousal, and visual complexity, the
two categories of pictures produced a significant difference in
valence [M 0 3.2 and 5.8 for unpleasant and neutral pictures,
respectively, on a 9-point scale (1, unpleasant; 9, pleasant);
t(118) 0 6.56, p < .01, r 0 .23]. There was no significant
difference in arousal levels between the two categories [6.0
and 5.6 for unpleasant and neutral pictures, respectively, on a
9-point scale (1, calm; 9, excited); t(118) 0 1.64, n.s., r 0 .14].
Additionally, ratings of visual complexity showed no differ-
ence between the two categories of pictures [6.8 and 6.7 for
unpleasant and neutral pictures, respectively, on a 9-point
scale (1, simple; 9, complex); t(118) 0 1.38, n.s., r 0 .09].

For target stimuli, 60 novel figures were selected from
the set of novel shapes, which were validated by evaluation
of levels of verbalization, association, and simplicity (Endo,
Saiki, & Saito, 2001). Each target stimulus was used twice,
paired with a negative prime and a neutral prime. Combi-
nations of a target stimulus, a negative prime, and a neutral
prime were randomized.

On each trial, participants first gazed at a fixation point (a
black and then a red cross) for 1,900 ms. To prevent partic-
ipants from missing a prime stimulus, we asked participants
to concentrate on the red cross when it appeared. Then a
prime stimulus was presented for 15 ms. It was followed by
a masking stimulus presented for 85 ms and then by a target
stimulus presented for 1,000 ms. Finally, participants

evaluated the affective negativity both of the target stimulus
and of their feelings on 5-point scales. Then the next trial
began. Participants performed 120 trials in total (see Fig. 1).
The order of trials where the negative primes were presented
and trials where the neutral primes were presented was
randomized. Participants responded by using an RB-730
response pad (Cedrus Corporation).

Manipulation check

To check awareness of the prime stimuli, we used a forced
choice test after the termination of the recovery stage. First,
participants gazed at a fixation point (the black cross fol-
lowed by the red cross) for 1,900 ms. Then a prime (nega-
tive or neutral) that had been presented in the emotional task
was presented for 15 ms and immediately followed by a
masking stimulus presented for 85 ms. After the masking
stimulus disappeared, two pictures were displayed at lateral
positions on the screen for 2 s: an image of the actual prime
on one side of the screen and a new image that had not been
presented (a distractor) on the other side of the screen.
Participants were asked to infer and to indicate which image
was the prime by pressing a corresponding button on a
response box. The screen position (right, left) of the prime
image was randomized. The 120 prime stimuli used in the
emotional task were tested.

Measures

Self-reports Unpleasant emotions induced by the emotional
task were measured by a negative affect scale of the Positive
and Negative Affect Schedule (PANAS, a Japanese version;
Sato & Yasuda, 2001). The negative affect scale included
eight items, which were rated by 5-point scales. The PANAS
scores were recorded after each stage of the experiment. On
each trial in the emotional task, a participant evaluated
affective negativity for a target image and for his/her current
feeling. The evaluation scores were averaged for each con-
dition of prime (negative, neutral) within each participant
for statistical analyses. To measure and match the task load
of the cognitive task and the noncognitive task, we used a
Japanese version of the NASA Task Load Index (Haga &
Mizukami, 1996), which was used in our previous study
(Iida et al., 2011). The NASATask Load Index includes six
dimensions: mental demand, physical demand, temporal
demand, performance, effort, and frustration. The use of
these six subscales to compute an overall workload score
has been found to reduce variability among participants,
relative to a one-dimensional workload scale (Hart &
Staveland, 1988). Twenty-step bipolar scales are used to ob-
tain ratings for these dimensions. A score from 0 to 100
(assigned to the nearest 5) is obtained on each scale. Themean
scores for each subscale were calculated. An overall workload

Cogn Affect Behav Neurosci (2012) 12:337–345 339



score was assessed using an unweighted average of the sub-
scale scores, because high correlations have been shown be-
tween weighted and unweighted scores of the subscales
(Byers, Bittner, & Hill, 1989). The NASA Task Load Index
scores were collected at the end of the experimental session.

Heart rate HR was recorded using an MP-100 psychophys-
iological monitoring system (BioPac Systems, Santa Barbara,
CA) with a 35-Hz low-pass filter and a 0.5-Hz high-pass filter.
For each participant, Ag/AgCl electrodes filled with isotonic
NaCl unibase electrolyte were attached to the right side of the
neck and to the inner surface of the left forearm for recording
an electrocardiogram. HR was measured continuously
throughout the experimental session, and the data were ana-
lyzed offline using Acknowledge software (BioPac Systems,
Santa Barbara, CA). Interbeat intervals were converted to HR
as beats per minute per real-time epoch of 0.5 s. We assessed
two measures of the phasic responses of HR as follows. First,
HR in two continuous epochs (1 s) before and six continuous
epochs (3 s) after onset of a prime stimulus was analyzed on
each trial. This analysis provided a detailed profile of the
temporal change of HR, which was time-locked to presenta-
tion of the prime stimulus. Next, the change of HR was
calculated by subtracting HR in the prestimulus epoch
(0.5 s) from an average of HR in the two continuous post-
prime-stimulus epochs (1 s) on each trial. This analysis pro-
vided an index of a local change of HR that reflected an
emotional response to a prime stimulus.

Data analysis

All analyses were carried out with IBM SPSS Statistics 19.
We conducted an analysis of variance (ANOVA) for each
index. The Huynh–Feldt epsilon correction factor was used

where appropriate. When a significant interaction effect or a
significant main effect was found in an ANOVA, post hoc
analyses using the Bonferroni correction were conducted to
examine which combinations of data were significantly
different. The statistical significance level was automatically
adjusted to p < .05 by IBM SPSS Statistics 19. Measures of
effect size (partial eta-squared) were also obtained automat-
ically using IBM SPSS Statistics 19 for all analyses where
appropriate.

Results

For the overall scores of the NASA Task Load Index, we
conducted an ANOVA with group (control, cognitive task,
noncognitive task) as a between-participants factor. A sig-
nificant main effect of group was shown, F(2, 42) 0 64.36,
p < .01, partial η2 0 .32. Significant differences were found
between the control group and the other two groups (cogni-
tive task and noncognitive task; p < .01, respectively).
While the cognitive task and noncognitive task groups
showed higher scores of task load than did the control
group, there was no significant difference in scores between
the cognitive and noncognitive task groups (see Fig. 2).
Then, to examine the effects of cognitive and noncognitive
tasks on subscales of the NASA Task Load Index, we con-
ducted an ANOVA with group (control, cognitive task,
noncognitive task) as a between-participants factor and sub-
scale (mental demands, physical demands, temporal demands,
performance, effort, frustration) as a repeated measure, fol-
lowing a recommendation by Hart and Staveland (1988).
A significant interaction between group and subscale was
shown, F(10, 285) 0 13.68, p < .01, partial η2 0 0.12. In
the cognitive task, scores of performance and effort were

1000 msec

How negative is
the picture?

1 5
negativeHow negative is

your feeling?

1 5

1500 msec

400 msec

15 msec

85 msec

1000 msec

1000 msec

Fig. 1 Time lime of emotional
task
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significantly higher than those of physical demand and tem-
poral demand. In the noncognitive task, scores of physical
demand and effort were significantly higher than those of
temporal demand. In the control group, there was no signifi-
cant difference among scores of subscales. Furthermore,
scores in the cognitive and noncognitive task groups were
significantly higher than those in the control group in all
subscales. Scores of physical demand in the noncognitive task
were significantly higher than those in the cognitive task (see
Fig. 3). These results indicated that the mental demand and
effort for each task were well controlled.

Data from the forced choice test of recognition of prime
stimuli indicated that the subliminal presentation procedures
were successful. The recognition ratio (i.e., the number of
correct recognitions of the prime divided by the total number

of recognition judgments made) was .52 (SD 0 .13), which is
not significantly different from the chance expectation of .50,
using a chi-square test at the individual level and using a
paired t-test at the group level. For the paired t-test at the
group level, the recognition ratio did not differ as a function of
the type of prime (negative, neutral).

Regarding the PANAS scores, which indicate partici-
pants’ negative feelings, we conducted an ANOVA with
group (control, cognitive task, noncognitive task) as a
between-participants factor and stage (postbaseline, post-
cognitive-task, post-emotional-task, postrecovery) as a re-
peated measure. A significant interaction between group and
stage was found, F(6, 171) 0 9.00, p < .01, partial η2 0 .23.
The PANAS scores after the emotional task were signifi-
cantly higher than those at the other stages in the control
(p < .01) and noncognitive task (p < .05) groups. This result
showed that the emotional task successfully caused negative
emotions, as we expected. In the cognitive task group, there
were no significant differences among stages. Moreover,
after the emotional task, the score in the control group was
significantly higher than that in the cognitive task group
(p < .01; see Fig. 4).

For the negativity of target stimuli, we conducted an
ANOVA with group (control, cognitive task, noncognitive
task) as a between-participants factor and prime (negative,
neutral) as a repeated measure. A significant interaction
between group and prime was shown for the unpleasantness
of target stimuli, F(2, 57) 0 8.74, p < .01, partial η2 0 .21.
The score for negative primes was significantly higher than
that for neutral primes in the control group (p < .01; see
Fig. 5), but not in the cognitive and noncognitive task
groups. There was no significant interaction, F(2, 57) 0

2.85, n.s., partial η2 0 .18, and no significant main effects
[prime, F(1, 57) 0 1.68, n.s., partial η2 0 .15; group, F(2, 57) 0
2.12, n.s., partial η2 0 .17] for the negativity of participants’
feelings (see Fig. 6).

To assess phasic responses of HR, we conducted an
ANOVA with epoch (−1–0.5, −0.5–0, 0–0.5, 0.5–1, 1–1.5,

Fig. 2 Overall workload score of the NASATask Load Index for each
task. Error bars indicate standard errors

Fig. 3 Workload scores for each subscale of the NASA Task Load
Index scores for each task. Error bars indicate standard errors

Fig. 4 Self-reports of negative emotion at pre-/post–executive-function
task, postemotional task, and postrecovery for the each group. Error bars
indicate standard deviations
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1.5–2.0, 2.0–2.5, and 2.5–3.0 s) as a repeated measure,
group (control, cognitive task, noncognitive task) as a
between-participants factor, and prime (negative, neutral)
as a repeated measure. A significant second-order interaction
among epoch, group, and prime was shown,F(14, 399) 0 3.93,
p < .01, partial η2 0 .24 (see Fig. 7). In the negative prime
condition, HR in the control and noncognitive task groups was
maintained at a significantly higher level in continuous epochs
0.5 s after onset of a prime, as compared with HR in the first
epoch after onset of the prime (0–0.5 s; p < .05). In the neutral
prime condition, HR in the noncognitive task group was main-
tained at a significantly higher level during a period from 0.5 to
2.0 s after onset of a prime, as compared with HR in the first
epoch after onset of the prime (0–0.5 s; p < .05). In the
cognitive task group, there was no significant difference
among epochs in both prime conditions. Significant differ-
ences between HR for negative primes and HR for neutral
primes were seen at epoch 1.0–2.0 s after onset of a prime in
the control group (p < .05). A significant difference between
HR in the control group and HR in the cognitive task group
was shown 0.5 s after onset of a prime in the negative prime
condition (p < .05). A significant difference between HR in the
cognitive task group and HR in the noncognitive task group
was shown at the epoch 1.0–1.5 sec after onset of a prime in the
negative prime conditions (p < .05). There was no significant

difference between HR in the noncognitive task group and HR
in the control group in all epochs.

Then we conducted an ANOVA on local changes of HR by
prime stimuli with group (control, cognitive task, noncogni-
tive task) as a between-participants factor and prime (negative,
neutral) as a repeated measure. A significant interaction be-
tween group and prime was shown, F(2, 57) 0 11.28, p < .01,
partial η2 0 .21. In the negative prime condition in the cogni-
tive task group, HR significantly decreased, as compared with
the other groups (p < .05). Within groups, HR signif-
icantly decreased in the negative prime condition, as
compared with the neutral prime condition, in the cog-
nitive task group (p < .01), whereas HR significantly
increased in the negative prime condition, as compared
with the neutral prime condition, in the control group
(p < .05). In the noncognitive task group, changes of
HR were not different between the negative prime
condition and the neutral prime condition (see Fig. 8).

Discussion

In the control group of this study, subliminal presentation of
a negative affective picture (prime) shifted subsequent af-
fective evaluation of a novel and neutral figure (target) in the
direction affectively congruent with the prime stimulus. This
result is consistent with those in previous studies (e.g.,
Payne, Cheng, Govorun, & Stewart, 2005) and suggested
the validity of the experimental paradigm in this study. On
the other hand, in the cognitive task group, as we expected,
subliminal presentation of a negative affective picture did
not shift the affective evaluation of a target. This result
supported the idea that the prior performance of a cognitive
task can inhibit the subliminal affective priming effect. In
addition, participants in the cognitive task group reported
significantly lower negative affects after the emotional task
than did the control and noncognitive task groups. Further-
more, the cognitive task group showed significantly reduced
responses in phasic HR, as compared with the control group
and the noncognitive task group, whereas there was no
significant difference of phasic HR responses between the
control group and the noncognitive task group. These results
suggested that prior cognitive activity attenuated physiolog-
ical responses to subsequently presented emotional stimuli.
These results of self-report and HR data successfully repli-
cated the findings of Iida et al. (2011) and expanded them by
showing that attenuation of emotional responses can occur
even when emotional stimuli were presented subliminally.
Taken together, the present study provides further evidence
that cognitive activity is a critical factor in the implicit
attenuation of subsequent emotions. Most important, going
beyond previous studies, we showed that cognitive activity
can affect the bottom-up appraisal of emotional stimuli.

Fig. 5 Mean ratings of reported negativity of the target stimuli for
group by prime. Error bars indicate standard deviations

Fig. 6 Mean ratings of reported participants’ feelings for group by
prime. Error bars indicate standard deviations
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In general, a triphasic pattern of HR responses to novel
stimuli including emotional stimuli is observed—that is, an
initial deceleration, then an acceleration, which is followed
by a second deceleration (Cook & Turpin, 1997; Graham,
1992; Lang et al., 1998; Murakami, Matsunaga, & Ohira,
2010). Especially when an emotional stimulus is presented
briefly or subliminally, usually the initial deceleration of HR
is reduced and the acceleration of HR becomes dominant
(Codispoti, Bradley, & Lang, 2001; Critchley et al., 2005;
Jönsson & Sonnby-Borgström, 2003). This acceleration has
been thought to be caused by cardio-sympathetic activity
and to reflect the defensive reflex to a stimulus and the
rejection of information about the stimulus (Cook & Turpin,
1997). Thus, transient increases of HR after onset of primes
observed in the control group and the noncognitive task
group suggested that the primes presented subliminally
could be detected unconsciously and could cause emotional
responses in participants. Lack of this phasic HR response to
primes observed in the cognitive task group suggested that
prior performance of a cognitive task might attenuate emo-
tional processes to stimuli even at a very early stage.

One of the most significant questions here is how prior
cognitive activity attenuates subsequent emotional responses.
Iida et al. (2011) suggested that performance of a cognitive

task can continuously boost executive function for a certain
period and potentially modulate the way that participants
process subsequent emotional stimuli. Some previous studies
showed that the prior performance of cognitive tasks modu-
lated cognitive strategies and the underlying patterns of neural
activation in subsequent cognitive tasks (e.g., Browning et al.,
2010). Supporting this notion, increased brain activity in
several prefrontal and parietal regions following a single ses-
sion of cognitive training has been shown (Browning,
Holmes, Murphy, Goodwin, & Harmer, 2010; Olesen,
Westerberg, & Klingberg, 2004). These brain regions
have been implicated in emotion regulation, cognition–
emotion interactions, and top-down direction of atten-
tion in response to negative emotional stimuli (Beer,
Heerey, Keltner, Scabini, & Knight, 2003; Davidson, 2002;
Elliott, Dolan, & Frith, 2000; Gottfried, O’Doherty, & Dolan,
2003; Hamann, Ely, Hoffman, & Kilts, 2002; Lieberman,
2000; Ohira et al., 2006; Rolls, 2000; for a review, see Mauss,
Bunge, & Gross, 2007). Additionally, even if the emo-
tional stimuli were presented subliminally, the activity
of the ventrolateral prefrontal cortex (PFC) automatical-
ly occurred to regulate emotional responses caused by
the amygdala (Nomura et al., 2004). Hence, enduring
activation of the PFC caused by engagement in a prior
cognitive task might unintentionally affect the subse-
quent emotional processing at its earliest stage and
attenuate emotional responses, even when an emotional
stimulus is presented subliminally. We should recognize
that the above-described mechanisms possibly underly-
ing the present results are merely speculative. Neuro-
imaging studies using functional magnetic resonance
imaging and electroencephalogram are needed to clarify
this possibility.

We should notice the differences in the effects of the
cognitive task and the noncognitive (handgrip-squeezing)
task on the emotional task. The noncognitive task did not
affect subjective affective states and HR responses in the
emotional task but reduced the subliminal affective priming
effect in evaluation of target stimuli as the cognitive task. To

Fig. 7 Temporal sequence of
heart rate after onset of the
prime stimulus

Fig. 8 Change of heart rate by prime and group. Error bars indicate
standard deviations
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understand this result, it might be helpful to recognize that
the subliminal affective priming effect has been thought to
consist of two automatic processes: emotion elicitation and
misattribution (e.g., Schwarz & Clore, 1988; Zajonc, 1980).
That is to say, if there is interference in either process, the
subliminal affective priming effect is diminished. In the
cognitive task group, the automatic emotion elicitation was
possibly attenuated as described above. On the other hand,
since the noncognitive task group showed similar subjective
affective states and HR responses in the emotional task with
the control group, it can be considered that the noncognitive
task did not interfere with emotion elicitation. Thus, the lack
of the affective priming effect in this group should be
attributed to interference in the process of misattribution.
One possible explanation for this speculation might be that
engagement in the noncognitive task elicited the motivation
of self-control, which was carried over into the subsequent
emotional task. One of the ingredients of self-control is
motivation to achieve a goal or to meet a standard (Baumeister
& Vohs, 2007). Some previous studies have shown that this
motivation could be carried over into a subsequent self-control
task and could improve task performance in the subsequent
task (e.g., Martijn et al., 2007; Webb & Sheeran, 2003).
Indeed, the handgrip-squeezing task we used as a noncogni-
tive task in this study has been thought to be a typical task
requiring self-control (e.g., Muraven & Baumeister, 2000;
Muraven, Tice, & Baumeister, 1998). In the affective priming
task in this study, we asked participants to evaluate the affec-
tive negativity of target stimuli. Since all the target stimuli
were emotionally neutral, if the motivated participants tried to
engage in this task, the affective influence could be canceled,
and the affective priming effect could be diminished. Since
emotion elicitation reflected in the subjective affective states
and HR is a fully automatic process, participants could not
attenuate these emotional responses even with the enhanced
self-control motivation.

In spite of remaining questions about the underlying
mechanisms, this study showed some initial evidence that
engaging in cognitive activity can attenuate psychological
and physiological responses even to emotional stimuli that
are subliminally presented.
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Appendix

The numbers of the IAPS pictures which were used in this
study were the following: neutral (1510, 1560, 1660, 1670,
2020, 2190, 2210, 2215, 2280, 2372, 2383, 2393, 2487,
2491, 2520, 2570, 2600, 2635, 2745.1, 4534, 5500, 5520,
5534, 7004, 7006, 7009, 7010, 7020, 7025, 7030, 7035,
7036, 7037, 7038, 7041, 7050, 7095, 7100, 7179, 7183,
7205, 7217, 7224, 7235, 7238, 7491, 7493, 7496, 7500,
7550, 7560, 7595, 7705, 7710, 7950, 8211, 8250, 8490,
9070, 9156) and unpleasant (1040, 1050, 1070, 1200,
1201, 1220, 1274, 1300, 1930, 2095, 2683, 2694, 2710,
3500, 6211, 6212, 6213, 6244, 6250, 6260, 6311, 6312,
6315, 6370, 6510, 6530, 6560, 6570.1, 6821, 6830, 6831,
6834, 6838, 6940, 7359, 7380, 8230, 8480, 9050, 9140,
9250, 9340, 9342, 9404, 9409, 9421, 9435, 9440, 9470,
9471, 9480, 9530, 9560, 9584, 9592, 9611, 9630, 9635.1,
9830, 9911).
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