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Abstract  The Stroop task has been typically used for measuring cognitive functions of inhibition and interference. 
However, this task has limited applications with young children, because reading ability is required to perform the 
task. Using a new, non-letter Stroop-like task named the ‘happy-sad task,’ in which participants are instructed to say 
‘happy’ for a sad face and ‘sad’ for a happy face, we can assess differences in inhibition in participants from early 
childhood to adulthood. We investigated whether differences between the happy-sad task and the letter Stroop task 
could be observed in brain activation of healthy participants (N = 30), by using near-infrared spectroscopy (NIRS) 
and skin conductance responses (SCR). We focused on the right and left anterior prefrontal cortex and frontal pole, 
which are known as centers for response inhibition and processing of emotions. We used region-of-interest analysis 
that approximately covered these regions and compared brain activation patterns between the two tasks. Results 
indicated that there was prefrontal activation during both tasks. Particularly, the incongruent condition of the happy-
sad task resulted in greater activation than the letter Stroop task. In addition, SCR amplitude for the happy-sad task 
was greater than that for the letter Stroop task. These findings suggest that brain activity in the happy-sad task is 
associated with suppression of emotions and inhibition of behavior. 
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1. Introduction 
In order to facilitate goal-directed behaviors, operations 

must be conducted to sort out relevant from irrelevant 
information. Inhibiting irrelevant information and 
resolving interference between incoming sources of 
information is a prerequisite for pursuing internal and 
external goals. Mechanisms for performing these activities 
are commonly referred to as ‘Cognitive control’ mechanisms 
[1]. A typical task used for measuring cognitive functions 
of inhibition and interference is the Stroop task [2]. The 
traditional Stroop task depends on matching colors and 
letters. In this task, letters are printed in different 
foreground colors. Participants are required to read either 
the letters, or NAME the background color on which the 
letters are written. When naming the color of a conflicting 
stimulus (incongruent task: e.g. the letters GREEN 
displayed in red), a strong prepotent tendency has been 
observed to read the letters as “green,” which competes 
with the response to the color “red” [3]. It has been shown 
that the reaction time (RT) in the incongruent task is 
slower than that in the congruent task (e.g. the letter RED 
displayed in red). This is known as ‘the Stroop effect’. 

Previous studies have reported that the Stroop effect 
could be observed in children of 7-8 years of age, and that 

the effect increases with reading ability [4,5]. These 
studies have indicated that reading ability is related to the 
performance of the Stroop task, and that the task has only 
limited effects with young children. The most widely used 
Stroop-like task developed for young children is the day–
night task, on which they were asked to say “day” 
whenever a black card with the moon and stars appeared 
and to say “night” when shown a white card with a bright 
sun [6]. The day–night task is used for the measurement of 
interference control in young children between 3 and 7 
years of age [7]. However, this task has a ceiling effect in 
children aged 6-7 years [6,7]. In order to solve this 
problem, Lagattuta rt al [8] designed a new, non-letter, 
Stroop-like task known as the ‘happy-sad task.’ In this 
task, the participant is instructed to say ‘happy’ for a sad 
face and ‘sad’ for a happy face. Using this task, inhibition 
can be assessed in early childhood and young adulthood 
without problematic floor or ceiling effects. Furthermore, 
the happy-sad task does not result in ceiling effects even 
in adults [8]. 

Previous studies of the Stroop task that have used 
functional magnetic resonance imaging (fMRI) and 
positron emission tomography (PET) have indicated 
activation in at least one of three main brain regions: the 
anterior cingulate cortex (ACC), parietal lobe, and lateral 
prefrontal cortex [9]. The ACC is known to be involved in 
evaluative processes when responding to incongruent 
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stimuli, such as monitoring errors and response conflicts 
[10]. Parietal cortex is known to play a role in maintaining 
sustained attention during the Stroop task [11,12]. The role 
of the prefrontal cortex, especially inferior frontal gyrus 
(IFG) in the Stroop task has been reported in a number of 
studies [13]. The left-IFG activation is known to reflect 
processing selection and processing bias in the 
incongruent Stroop condition [14], whereas the right-IFG 
could be related to response inhibition [15]. However, the 
happy-sad task is a new task and the neural basis of 
processing in this task has yet to be explored. 

Recently, near-infrared spectroscopy (NIRS) has also 
been used for investigating neural processing during the 
Stroop task [16-21]. NIRS is an optical method that 
noninvasively monitors the cerebral hemodynamics of 
oxygenated hemoglobin (oxy-Hb) and deoxygenetated 
hemoglobin (deoxy-Hb), by measuring changes in the 
attenuation of near infrared light passing through tissue 
[22]. NIRS is a non-invasive measure and allows 
participants to perform speech tasks in a natural and 
comfortable environment, without being confined to a 
small, restricted space. Findings using the NIRS regarding 
the regions of activation in the Stroop task have 
corroborated those of fMRI and PET studies.  

The purpose of the present study was to determine 
whether there were differences in prefrontal cortex 
activation between the happy-sad task and the letter 
Stroop task, by using NIRS. Furthermore, to explore the 
influence of affective valence, we used skin conductance 
response (SCR), which measures electrical conductance 
between two points on the skin. SCR is widely used in 
research on emotions and physiological arousal, because 
the sweat glands are controlled by the sympathetic 
nervous system. 

We predicted that processing in the happy-sad task 
would be related to activation of the prefrontal cortex, 
similar to the incongruent condition of the letter Stroop 
task. In addition, because of the emotional stimuli used in 
the happy-sad task, we predicted that the amplitude of the 
SCR in this task would be greater than that in the letter 
Stroop task. 

2. Methods 

2.1. Participants 
Healthy participants recruited through the community 

(N = 30, 16 women and 14 men; Mean age = 23.4, SD = 
5.3, Age range 18-39 years) took part in the study. All 
participants were right-handed and had normal or 
corrected-to-normal vision. They completed the Japanese 
version of the National Adult Reading Test (JART [23]) 
that assesses IQ. The mean estimated IQ of participants 
was 109.0 (SD = 5.3, range 92-120). The subjective 
feeling of psychological fatigue in participants was 
assessed using the Visual-Analogue Scale (VAS) score 
[24]. Sleep duration in the previous night was also 
assessed. Previous studies have indicated that individuals 
with Schizotypal personality disorder (SPD) and 
schizotypal traits have difficulties in conflict detection and 
cognitive inhibition when performing the letter Stroop 
task [25,26]. Therefore, the present study assessed 
schizotypal traits using the Japanese version of the 

Schizotypal Personality Questionnaire Brief (SPQ-B-J 
[27]) and all participants were within normal range. 

In accordance with the Helsinki Declaration, written 
informed consent was obtained from each participant 
before conducting the study. The ethics committee of the 
University of Toyama had approved the study protocol in 
advance. 

2.2. Apparatus and Stimuli 
The experiment was conducted in a soundproof 

chamber, to reduce distractions. E-Prime software 
(Psychology Software Tools, Inc.) was used to control the 
stimulus presentation. In each trial, visual stimuli were 
presented on a 17-inch computer monitor. 

A standardized set of facial expression photos (ATR 
facial expression database 99: ATR-Promotions) was used 
as stimuli. This database of facial expression photos 
comprises Japanese Happy, Sad, and Neutral faces (4 
women and 6 men). Each fifth photo of 24 happy female 
faces, 13 sad female faces, 39 happy male faces, and 18 
sad male faces was selected randomly. Thus, five happy 
female and male faces, and five sad female and male faces 
(total 20 photos) were selected. The letters in the letter 
Stroop task used Japanese red, blue, and green Hiragana 
script with a 180-point font. All stimuli were displayed on 
a black background at the center of the monitor (see 
Figure 1). 

 

Figure 1. Sequence of the experimental trials. (a) Sequence of a trial in 
the happy-sad task. (b) Sequence of a trial in the letter Stroop task. (c) 
Each session contained an experimental task (each run 50 seconds) and a 
control task (resting period for 30 seconds per run) blocks 

2.3. Measurements 
A NIRS machine with 16 channels (OEG-16: 

Spectratech Inc., Yokohama, Japan) was used to measure 
the time courses of oxy-Hb and deoxy-Hb levels. Six 
emission and six detector probes were arranged in a 6 
(width) × 2 (length) matrix on the participants’ forehead 
with an interoptode distance of 30 mm. The center of the 
probe matrix was placed on Fpz (midpoint between Fp1 
and Fp2 on the international 10-20 system for recording 
electroencephalograms). The NIRS system uses two 
wavelengths (approximately 770 and 840 nm) of near-
infrared light. Absorption was recorded in order to 
estimate oxy-Hb levels. These signals were recorded 
simultaneously at a sampling rate of 1.54 Hz (see Figure 2). 

The SCR was estimated at the distal phalanx of the left 
finger using a commercially available device (Toyo 
physical, Inc). For SCR recording, electrodes were 
attached to the forefinger and middle finger on the left 
hand. Data of the SCR were recorded simultaneously at a 
sampling rate of 10 Hz. 
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Figure 2. Schematic representation of near-infrared spectroscopy (NIRS) 
probes 

The center of the probe matrix was placed on Fpz (midpoint between Fp1 
and Fp2 on international 10-20 system for recording 
electroencephalograms). Red circles show illuminators and blue squares 
show detectors. Channels are presented as orange circles with channel 
numbers. Regions of interest (ROI) were right inferior prefrontal area 
(rPFA), frontal pole (FP), and left inferior prefrontal area (lPFA). Ch1-3 
were labeled as rPFA, Ch7-10 were as FP, and Ch14-16 were as lPFA. 

2.4. Procedure 
NIRS and SCR measurements were conducted during 

resting periods of 30 seconds and when performing the 
congruent and incongruent conditions of the happy-sad 
and the letter Stroop task during 50 seconds. In the resting 
periods, a black background was presented on the monitor 
and participants were instructed to sit still with their eyes 
open. All conditions of both tasks were presented in a 
block design consisting of three phases (repetitions). Two 
blocks of congruent and incongruent presentation (one 
block = 20 trials) separated by resting periods constituted 
one phase. Thus, both the happy-sad and the letter Stroop 
tasks were presented in 120 trials. The first phase of each 
experimental task started with the order: congruent 
followed by incongruent conditions and the next phase 
was conducted randomly. Before each experimental task, 
participants completed one practice phase (one block of 16 
trials, and a total 32 trials).Participants were instructed to 
respond as accurately as possible (Figure 1). 

2.4.1. Happy-sad Task 
The happy-sad task consisted of a congruent and an 

incongruent condition. For congruent trials, participants 
were instructed to vocally state the facial expression that 
was displayed. For incongruent trials, participants were 
instructed to vocally state a different facial expression 
from the one that was displayed. Before starting, and after 
finishing the two experimental conditions, a clicking 
sound was presented as a warning stimulus to inform the 
participant of each opening and end of experimental 
conditions. In the congruent condition one click was 
presented, whereas two clicks were presented in the 
incongruent condition. Then, a fixation cross appeared for 
1500 ms, and a facial expression stimulus (a happy or sad 
face) was displayed for 1000 ms. The two facial 
expression stimuli (total 20 photos) were presented in 
random order with equal probability. 

After the end of the experiment, participants evaluated 
the affective valence of the facial expression stimuli used 
in the happy-sad task that consisted of 10 happy faces, 10 
sad faces, and 10 neutral faces, presented randomly. 
Evaluation was conducted on a 7-point scale. 

2.4.2. Letter Stroop Task 
The letter Stroop task also consisted of a congruent and 

an incongruent condition. A color name was shown using 

letters of identical color to the color name (e. g., RED 
printed in red colored letters), for the congruent trial. A 
color name was printed using letters of a different color to 
the color name (e. g., RED printed in green colored letters) 
so as to produce an interference between the color of 
letters and color names, for the incongruent trial. Red, 
blue and green were used to print the color names. 
Participants were instructed to vocalize the color name in 
both conditions. In this task, one warning click was used 
before starting and after finishing in both conditions. A 
fixation cross appeared for 1500 ms, and then a letter 
stimulus was displayed for 1000 ms. The three color 
letters and color names were presented in random order 
with equal probability. 

2.5. Statistical Analyses 

2.5.1. Behavioral Data Analyses 
In the happy-sad task and the letter Stroop task the 

analysis of the correct response ratio was conducted using 
the Wilcoxon signed-rank test. The affective valence of 
facial expressions was subjected to a one-way analysis of 
variance (ANOVA). Post hoc comparison was performed 
using Bonferroni correction. 

2.5.2. NIRS Data Analyses 
Changes in oxy-Hb and deoxy-Hb concentration were 

conducted as an index of changes in cerebral blood flow. 
Baseline correction was made using linear fitting, based 
on two sets of baseline data. Blocks affected by movement 
artifacts were removed. The remaining concentrations of 
oxy-Hb and deoxy-Hb during the 50-second task condition 
were then averaged. We used two-tailed one-sample t-tests 
to examine whether the hemodynamic response in the 
prefrontal areas was significantly different from baseline. 

In this study, we analyzed NIRS data for the following 
measurement points that were labeled, Ch1–3 for right 
inferior prefrontal area (rPFA), Ch14–16 for left inferior 
prefrontal area (lPFA) and Ch7-10 for prefrontal pole (FP), 
approximately covering the right and left anterior 
prefrontal cortex and frontal pole, respectively (Okamoto 
et al., 2004). We focused on these channels as regions of 
interest (ROI) and conducted a two-way repeated 
measures ANOVA with the task (happy-sad task, letter 
Stroop task) and condition (congruent, incongruent) as 
within-subject factors for each ROI. 

2.5.3. SCR Data Analyses 
The SCR amplitudes were calculated by subtracting 

SCR value at the starting point of each task trial from the 
grand average SCR value for each task trial. Log-
transformation (log [SCR + 1] was used to normalize SCR 
amplitude data [28]. We conducted two-way repeated 
measures ANOVA with tasks (happy-sad task, letter 
Stroop task) and condition (congruent, incongruent) as 
within-subject factors. 

3. Results 

3.1. Behavioral Data 
The mean correct response ratio in each task was over 

95 % (happy-sad task: congruent condition, 99.2 %±1.3; 
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incongruent condition, 95.9 %±2.4; letter Stroop task: 
congruent condition, 99.7 %±0.8; incongruent condition, 
98.7 %±1.4). The mean correct response ratio in the 
incongruent conditions of the happy-sad task and letter 
Stroop task was significantly lower than that in the 
congruent conditions of both tasks (Z = -4.57, p < .001; Z 
= -3.34, p < .05, respectively). The congruent conditions 
were not significantly different between the two tasks (Z = 
-1.60, n.s.), whereas the incongruent conditions were 
significantly different (Z = -4.40, p < .001). 

Mean scores for the happy face stimuli, neutral face 
stimuli and sad face stimuli were 6.27±0.46, 3.73±0.33 
and 1.56±0.42, respectively. There was a significant main 
effect for affective valence of facial expression stimuli 
used in the happy-sad task (F (2, 28) = 471.47, p < .001). 
Post hoc comparison indicated significant differences for 
all affective valences of facial expressions (ps < .001). 
Thus, the happy face stimuli were evaluated more 
positively than the neutral face stimuli. The sad face 
stimuli were evaluated more negatively than the neutral 
face stimuli. 

Mean and SDs of SPQ-B-J was 6. 47±3.17 (range 0-14), 
that of VAS score was 48.07±21.35 (range 6-86), sleep 
length was 6.12±1.49 hours (range 3-8 hour), and 
sleepiness was 3.17±1.15 (Range 1-5). These results 
indicated that all scores of all participants were within the 
normal range. 

3.2. NIRS Data 
Changes in oxy-Hb concentration for each task and 

condition are presented in Figure 3. Changes in oxy-Hb 
concentrations in both tasks for the congruent condition 
were not significantly different in any ROIs. Change in 
oxy-Hb concentrations in both tasks for the incongruent 
condition was significantly different in all ROIs (happy-
sad task, ps < .01; letter Stroop task, ps < .05). 

 

Figure 3. Change of oxy-Hb concentration for each task and condition in 
each ROI. 

*p< 0.05, ** p<0.01, *** p<0.001. 
In the lPFA, a two way ANOVA revealed a significant 

main effect of task (F (1, 28) = 6.12, p < .05) and 
condition (F (1, 28) = 37.14, p < .001). The interaction 
between task and condition was significant (F (1, 28) = 
5.24, p < .05). The post hoc comparison was significant 
for each condition in both tasks (happy-sad task, F (1, 28) 
= 56.11, p = .001; letter Stroop task, F (1, 28) = 12.71, p 
< .01). In the incongruent condition, there was a 
significant difference between tasks (F (1, 28) = 9.60, p 
< .01). In the FP, there were significant main effects of 

task (F (1, 28) = 5.29, p < .05) and condition (F (1, 28) = 
15.88, p < .001). The interaction between task and 
condition was not significant. In the rPFA, there was a 
significant main effect of condition (F (1, 28) = 20.49, p 
< .001), whereas there was no significant main effect of 
task, or any significant interactions (Figure 3). 

Change of deoxy-Hb concentration for each task and 
condition is presented in Figure 4. In the incongruent 
condition of the happy-sad task, there was a significant 
difference in the FP (p < .05). In the congruent condition 
of the letter Stroop task, there were significant differences 
in the lPFA (p < .01) and FP (p < .01). In the incongruent 
condition, there were significant differences in all ROIs 
(ps < .05).  

A two way ANOVA revealed that there was a main 
effect of task (F (1, 28) = 8.45, p < .01) in the lPFA, there 
were no significant main effects of condition, nor a 
significant interaction between task and condition. In the 
FP, there were significant main effects of task (F (1, 28) = 
10.20, p < .01) and condition (F (1, 28) = 9.05, p < .01), 
whereas there was no interaction between task and 
condition. In the rPFA there was a significant main effect 
of condition (F (1, 28) = 20.49, p < .001), whereas there 
was no main effect or any interactions. 

 

Figure 4. Change of deoxy-Hb concentration for each task and condition 
in each ROI 

*p< 0.05, ** p<0.01, *** p<0.001. 
The mean time courses of oxy-Hb and deoxy-Hb 

concentrations during the incongruent condition in the 
Happy-Sad task and the Letter Stroop task are shown in 
Figure 5 and Figure 6. 

3.3. SCR Data 
Figure 7 shows changes (the common logarithm value) 

in the SCR. A two way ANOVA revealed significant main 
effects of task (F (1, 28) = 4.50, p < .05) and condition (F 
(1, 28) = 6.51, p < .05), however, there was no interaction 
between task and condition. 

 
Figure 5. The mean time courses of oxy-Hb and deoxy-Hb concentration 
during the incongruent condition of the Happy-Sad task. 
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Figure 6. The mean time courses of oxy-Hb and deoxy-Hb concentration 
during the incongruent condition of the Letter Stroop task 

 

Figure 7. Change of skin conductance response during each condition of 
tasks 

4. Discussion 
Results of the present study suggest that the happy-sad 

task may have the same pattern of brain activation as the 
letter Stroop task. Especially, there were significant 
increases of oxy-Hb concentrations during the incongruent 
condition in both tasks, whereas there were significant 
decreases of deoxy-Hb concentrations in all ROIs, with 
the exception of the lPFA region. Significant increases of 
oxy-Hb concentration in the lPFA and rPFA corroborate 
previous NIRS studies reporting that Stroop tasks were 
related to bilateral IFG activation [16,18,19,20,21]. 
Therefore, our data is consistent with previous reports 
suggesting an association with response inhibition and 
activity of inferior prefrontal area [13,14,15,29,30,31]. 
The mean correct response ratios of the incongruent 
conditions in both tasks were lower than that of the 
congruent conditions in both tasks. In addition, the mean 
correct response ratio of the incongruent condition in the 
happy-sad task was lower than that in the letter Stroop 
task, but all of the mean correct response ratios were over 
95% and correct response may not be big issue here.  

Change of oxy-Hb concentration in the lPFA of the 
congruent condition in the happy-sad task was 
significantly greater than that in the congruent condition in 
the letter Stroop task. The left inferior frontal region is 

known to be associated with recognition of facial 
expressions [32,33,34,35]. A NIRS study using face 
stimuli has reported a significant increase in the activity of 
the left prefrontal region in the sad and happy facial 
expression condition [36]. Change of oxy-Hb 
concentration in all ROIs did not differ significantly from 
the baseline for the congruent condition in the happy-sad 
task. One explanation for this finding could be that the 
large number of trials resulted in a habituation effect. 
Another possibility could be that the low cognitive load in 
the congruent condition decreased oxy-Hb activation. 
Ochsner et al [37] reported that top-down generation of 
emotions activated left prefrontal, cingulate, and temporal 
regions. The incongruent condition may have caused a 
higher load than the congruent condition because of 
cognitive reappraisal [38] and processing bias [14]. 

In the FP, changes of oxy-Hb concentration in the 
happy-sad task were significantly greater than that in the 
letter Stroop task, regardless of the condition. The FP 
region is known to activate when reflecting on one’s own 
emotional states, as well as when ascribing mental states 
to other agents [39]. The activation peaks observed in this 
study were predominantly located in medial Brodmann’s 
area 10. However, the oxy-Hb activation in the FP may be 
associated with activities of above cognitive functions as 
indicated by Gilbert et al [39], because these activation 
peaks were extremely close to rostral PFA. 

Oxy-Hb in the lPFA and rPFA increased in the 
incongruent condition of both tasks. This result 
corroborates a meta-analysis of the Stroop Task conducted 
by Laird et al [13]. Especially, the right IFC is known to 
play an inhibitory role [15]. The incongruent condition in 
the happy-sad task and letter Stroop task was associated 
with inhibitory control. Thus, activation of rPFA observed 
in this study suggests that the participant inhibited 
inappropriate behaviors in the incongruent conditions. 

SCR changes in the happy-sad task were greater than in 
the letter Stroop task. It is known that emotional 
suppression results in enhanced SCR [40]. Furthermore, 
the SCR value in the incongruent condition was greater 
than in the congruent condition. This result is consistent 
with a previous study [41], which reported that activity in 
lateral regions of prefrontal cortex reflects the rate of 
change in the SCR [42,43,44]. Our findings suggest that 
brain activities in the happy-sad task were associated with 
suppression of emotions and behavioral inhibition. 

Several methodological limitations of this study 
however, should be noted. It is unlikely that the source-
detector separation of 3 cm used in the current study could 
measure further than a depth of 1.5-2 cm below the scalp 
[45]. Thus, the NIRS could have detected hemoglobin 
changes only in the outer, approximately 5-10 mm of 
brain tissue. Brain activities in the medial prefrontal 
cortex, anterior cingulate cortex, orbitofrontal cortex, and 
other brain regions located more internally, that are also 
known to be related to cognitive and emotional functions 
could not be assessed in this study. Moreover, in order to 
avoid the emotional effects of time pressure on decision-
making, we did not time each reaction during the task 
performance. Therefore, it was not possible to assess 
differences in cognitive processing based on reaction time 
during the two tasks. However, Ovaysikia et al [46] using 
emotional words and emotional faces in the Stroop task, 
reported that reaction times for the letter stimulus task was 
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faster than that for the face stimulus task. It is suggested 
that future studies should investigate differences in 
reaction times between the happy-sad task and the letter 
Stroop task. 

In conclusion, the present study examined differences 
in the activity of prefrontal cortex when conducting the 
happy-sad task and the letter Stroop task. Our results 
indicated that there was activation in brain regions during 
both tasks. Especially, the happy-sad task resulted in 
greater activation than the letter Stroop task in the 
incongruent condition. In addition, amplitude of the SCR 
for the happy-sad task was greater than that for the letter 
Stroop task. It is concluded that our findings suggest that 
the brain activities in the happy-sad task are associated 
with the suppression of emotions and the inhibition of 
behavior. 
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