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Objective: Thought-action fusion (TAF), one of the most-studied dysfunctional beliefs in obsessive-compulsive disorder, 
represents an individual’s belief that his/her thoughts directly influence events. TAF belief types are divided into personal 
thoughts relating to positive (positive TAF) and negative outcomes (negative TAF). However, the neural mechanisms 
underlying both aspects of the TAF response remain elusive. 
Methods: This functional magnetic resonance imaging study aimed to investigate the neural circuits related to positive 
and negative TAF and their relationships with psychological measures. Thirty-one healthy male volunteers participated 
in a modified TAF task wherein they were asked to read the name of a close person embedded in positive statements 
(PS) or negative statements (NS). 
Results: Conjunction analysis revealed activation of the fusiform and lingual gyri, midcingulate and superior medial 
frontal gyri, inferior orbitofrontal gyrus, and temporoparietal junction. The NS ＞ PS comparison showed additional 
activation in the precuneus and medial prefrontal cortex, superior frontal gyrus, insula, globus pallidus, thalamus, and 
midbrain. Precuneus activity was associated with the TAF score among these areas. Moreover, activity in the inferior 
orbitofrontal gyrus, insula, superior, middle and medial frontal gyri, globus pallidus, inferior parietal lobule, and pre-
cuneus was associated with dimensional obsessive-compulsive scores. In contrast, the PS ＞ NS comparison revealed 
no significant activation. 
Conclusion: These results suggest that negative TAF, relative to positive TAF, recruits additional regions for self-referential 
processing, salience, and habitual responding, which may contribute to the activation of the belief that a negative 
thought increases the probability of that negative outcome.

KEY WORDS: Thought-action fusion; Cognitive theory; Obsessive-compulsive disorder; Cortico-striato-thalamo-cortical 
circuit; Affective network; Salience network.

INTRODUCTION

A Korean proverb says “words can be a seed.” It is trans-
lated in English as “disaster comes from the mouth.” In this 
context, a seed can be understood as the cause of some-
thing that happens in the future. This proverb warns us not 
to speak of or even think about bad expectations based on 
the belief that things people say usually have a way of 
coming true. This phenomenon, referred to as thought-ac-
tion fusion (TAF), has drawn the attention of cognitive the-
orists studying the underlying maladaptive assumptions in 
patients with obsessive-compulsive disorder (OCD). More 
recently, acceptance and commitment therapy has used 
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the terms believability in particular and cognitive fu-
sion in general for this tendency [1-3]. Cognitive fusion is 
a process that involves attaching a thought to an experi-
ence in which literal verbal rules tend to dominate other 
sources of information and make people avoid actual ex-
periences or the so-called experiential avoidance [4].

TAF is the belief that thought and outcome or action are 
linked [5]. The original TAF phenomenon was catego-
rized into two types—moral and likelihood—with the lat-
ter further divided into likelihood-self and likelihood- 
other. Moral TAF involves the judgment that having an 
undesirable thought is morally equivalent to engaging in 
the action, while likelihood TAF reflects the belief that a 
thought increases the probability of that event. From a dif-
ferent angle, likelihood TAF can engage in a continuum 
from the positive (e.g., “If I think of my mother winning the 
lottery, this increases the probability of her winning”) to 
the negative outcomes or events (e.g., “If I think of my hus-
band being involved in a motor vehicle accident, this in-
creases his risk of a car accident”). These two biases, la-
beled positive and negative TAF, do exist as independent 
constructs [6].

Negative TAF has been extensively examined in studies 
of OCD and various mood disorders [7-9]. Dysfunctional 
beliefs such as negative TAF have been proposed to play 
an important role in the development and maintenance of 
the disorder in the cognitive appraisal models of OCD 
[10,11]. TAF increases the perceived significance of a 
thought or obsession, which in turn leads to maladaptive 
safety behaviors, such as excessive preoccupation with 
thoughts, avoidance, or neutralization, in an attempt to 
avert disastrous consequences [5,12]. Further, exaggerated 
TAF responses occur not only in patients with OCD but al-
so in those with generalized anxiety disorder [13], schizo-
typy [14], and major depressive disorder [15,16].

Positive TAF in contrast with negative TAF has been 
much less investigated. Positive items were originally in-
cluded in the TAF likelihood subscales but were even-
tually eliminated from the revised version of the TAF scale 
because they are least relevant to OCD [5]. Some inves-
tigators have proposed that positive likelihood TAF can 
operate in patients with OCD to prevent harm in harm 
avoidance, mental neutralizing, or the use of covert com-
pulsions [7,17]. In addition, the relationship between pos-
itive TAF and impaired control of mental activities sug-
gests that positive TAF may also be related to obsessive- 

compulsive (OC) tendencies [18]. However, avoiding harm 
is not the same as creating a positive outcome. In another 
context, the positive TAF bias is hypothesized to increase 
personal desire to obtain positive outcomes believed to 
result from thoughts. This suggests that positive TAF may 
be related to various risk-taking behaviors, such as gam-
bling [6]. 

The neural mechanisms underlying the TAF response 
remain elusive despite its relevance in psychopathology. 
However, a few studies exist investigating the neural cor-
relates of the negative likelihood TAF. One previous elec-
troencephalogram (EEG) study showed that precuneus ac-
tivity was positively correlated with the likelihood TAF 
score [19]. In addition, a recent functional magnetic reso-
nance imaging (fMRI) study demonstrated increased ac-
tivity in the lingual gyrus, caudate nucleus, precuneus, 
and several areas of the frontal cortex during a TAF in-
duction task [20]. However, it is believed that no previous 
study has used fMRI to elucidate the neural circuits related 
to the positive TAF response. Moreover, no direct com-
parison exists between the two aspects of TAF using fMRI. 
A previous fMRI study conducted by the authors of the 
current study compared only the responses to a close and 
neutral person in the same context of negative TAF 
statements. Hemodynamic activity in the negative TAF 
would more clearly contrast with that in the positive TAF 
in a comparative assessment of both aspects.

This fMRI study aimed to investigate the neural circuits 
related to the positive and negative TAF using a modified 
TAF task wherein individuals were asked to read the name 
of a close person embedded in positive statements (PS) or 
negative statements (NS) such as “I hope…wins the lot-
tery” or “I hope…is in a car accident” [21]. This study tried 
to clarify the common and differential patterns of brain 
activation for each TAF. NS tend to heighten TAF more 
than PS although a paucity of literature is noticed on pos-
itive TAF based on a previous study [17]. Thus, it is hy-
pothesized that regions more highly activated in negative 
than in PS would be core areas that enhance TAF ten-
dency, and the activity would correlate with conventional 
TAF scores and associated psychopathologies, including 
OC symptoms.
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METHODS

Participants
Thirty-one healthy male undergraduates recruited through 

an online bulletin board at Kyungpook National University 
participated in this study. Two experienced psychiatrists 
(SWL and SJL) conducted psychiatric interviews on all 
participants to exclude existing psychiatric pathology, 
psychotic symptoms, intellectual disability, neurological 
disease, and history of head injury or medical illness with 
documented cognitive sequelae. The mean ± standard 
deviation age of the subjects, all right-handed, was 22.9 ± 
1.9 years. All participants provided written informed con-
sent according to the procedures approved by the Institu-
tional Review Board of Kyungpook National University 
Hospital (approval no. 2018-04-029).

Psychological Measures

Thought-Action Fusion Scale (TAFS) 

The TAFS is a 19-item self-reported measure that as-
sesses the tendency to fuse thoughts and actions. Each 
item is rated on a 5-point scale ranging from 0 (disagree 
strongly) to 4 (agree strongly). Twelve, four, and three 
items assess moral TAF, likelihood TAF-other, and like-
lihood TAF-self, respectively [5]. The validated Korean 
version of the TAFS was used [22].

Obsessive-Compulsive Inventory-Revised (OCI-R) 

The OCI-R is an 18-item self-reported questionnaire 
that assesses the degree of distress caused by OCD 
symptoms. Each of the items is rated from 0 (not at all) to 
4 (extreme), and three items constitute a subtype of OCD 
symptoms [23]. A validated Korean version of the OCI-R 
was used [24]. 

Dimensional Obsessive-Compulsive Scale (DOCS) 

The DOCS is a 20-item self-reported measure [25] that 
assesses the severity of the four most consistently re-
plicated OC symptom dimensions of (a) contamination/ 
washing, (b) harm obsessions/checking compulsions, (c) 
unacceptable thoughts, and (d) symmetry/ordering. Each 
item is rated on a 0−4 scale, yielding a total score that 
ranges from 0 to 80 as well as individual subscale scores 
ranging from 0 to 20. A validated Korean version of the 
DOCS was used [26].

Beck Depression Inventory (BDI) 

The BDI [27,28] is a self-report measure containing 21 
items on a 4-point scale from 0 (symptom absent) to 3 
(severe symptoms). Scoring is achieved by adding the 
highest ratings for all 21 items. A validated Korean version 
of the BDI was used [29].

TAF Induction fMRI Paradigm
The participants were asked to name two close living 

persons, one male and one female, before the MR scan. 
These names were then used in the TAF paradigm. The 
names of one male and one female were presented in 
each condition to balance for sex. The closeness of the 
two close persons was 8.7 ± 2.0 on a 1−10 scale of close-
ness per person. Eight PS and eight NS were used. An ex-
ample of the former is “I hope that the person (his or her 
name, previously typed) will win a lottery.” On the other 
hand, an example of the latter is “I hope that the person 
will soon be in a car accident.”

The TAF fMRI paradigm used in this included two con-
ditions, PS and NS, with eight statements for each condi-
tion. Each trial for each statement comprised four phases 
(e.g., name, sentence, evaluation, and a resting phase). 
First, the participants were asked to think about the close 
person while watching the name of that person being dis-
played on the screen for 4 seconds (name phase). Second, 
the participants were instructed to silently read the sub-
sequent PS or NS for 10 seconds (sentence phase). Third, 
the participants then rated how badly or gladly they felt 
about the statement on a Likert scale from 1 (very little) to 
4 (very much) using the magnetic resonance convertible 
response device with four buttons for another 4 seconds 
(evaluation phase). Finally, the participants were asked to 
look at a cross at the center of the screen for 10 seconds 
(resting phase). The order of the statements, NS and PS, 
was fixed, while two close persons’ names, one for each 
sex, were intermixed in a pseudorandomized order. The 
TAF paradigm lasted for 7 minutes, 28 seconds (28 sec-
onds for each trial × eight statements for each condition × 
two conditions). This TAF paradigm was adapted from a 
previous report [21] and modified for fMRI experiments 
[20].

Image Acquisition and Analysis 
The functional images were obtained on a 3.0T MRI 

scanner (Discovery MR750w; GE Healthcare, Milwaukee, 
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Table 1. Psychological assessments of healthy adults (N = 31)

Psychological questionnaire Mean SD

OC Inventory-Revised 12.0 5.9
Dimensional OC Scale

Germs and contamination 2.8 1.9
Responsible for harm or injury 2.9 2.7
Unacceptable thoughts 2.7 3.0
Symmetry, completeness 1.2 2.6
Total 10.4 8.2

Beck Depression Inventory 4.3 4.2
Thought-Action Fusion Scale

Likelihood-self 2.0 2.7
Likelihood-other 2.5 3.5
Moral 13.5 8.1
Total 18.3 13.4

Behavioral data during MR experiment
Positive TAF condition

Response time, sec 1.3 0.6
Intensitya 3.8 0.3

Negative TAF condition
Response time, sec 1.4 0.6
Intensitya 3.8 0.3

SD, standard deviation; OC, obsessive-compulsive; MR, magnetic 
resonance; TAF, thought-action fusion.
aLikert scores from 1 to 4.

WI, USA) using a 24-channel head coil. A T2*-weighted 
gradient echo planar imaging pulse sequence was used 
for functional imaging (repetition time [TR] = 2,000 ms, 
echo time [TE] = 30 ms, flip angle [FA] = 90, field of view 
[FOV] = 23 cm, acquisition matrix = 64 × 64, and no gap). 
In addition, a three dimensional T1-weighted fast spoiled 
gradient echo was used for the acquisition of structural 
images (TR = 8.5 ms, TE = 3.2 ms, FA = 13, FOV = 25.6 
cm, and acquisition matrix = 256 × 256). Statistical para-
metric mapping program (SPM12; Wellcome Trust Centre 
for Neuroimaging, University College London, London, 
UK; http://www.fil.ion.ucl.ac.uk/spm) and MATLAB (The 
MathWorks, Inc., Natick, MA, USA) were used for fMRI 
data image processing and statistical analyses. The func-
tional images were preprocessed with slice timing, realign-
ment, normalization into the standardized Montreal Neurolo-
gical Institute (MNI) brain space, and spatial smoothing 
with a Gaussian kernel. Maps of brain activation for each 
condition were determined by a one-sample t test in the 
within-group analysis. The threshold of the SPM(t)s 
one-sample t test at family-wise error (FWE)-corrected 
voxel-wise was p ＜ 0.05. Differences in brain activation 
between the PS and NS conditions were analyzed using 
the paired comparison analysis while the conjunction 
analysis was performed for the regions that were com-
monly activated. The threshold of the above analyses at 
false discovery rate (FDR)-corrected voxel-wise was p ＜ 

0.05. A minimum cluster size of 10 was selected to report 
the results.

Statistical Analysis
The contrast name plus sentence phase was focused 

on, among the four phases of the TAF paradigm of this 
study, as the main outcome in each of the PS and NS con-
ditions to explore whether similarities and differences in 
brain activation exist between the two conditions. Under 
the assumption that the differentially activated regions in 
the NS condition form a core pathway of conventional 
negative TAF, the regions of interest (ROIs) were defined 
at each cluster retrieved from the difference analysis map 
(NS ＞ PS) and beta parameters at the peak of each cluster 
extracted. Next, Pearson’s correlation analysis was per-
formed to test for correlations between beta parameters 
and psychological measures. All statistical analyses were 
performed using the IBM SPSS Statistics for Windows, ver-
sion 23 (IBM Corp., Armonk, NY, USA). Statistical sig-

nificance was set at p ＜ 0.05.

RESULTS

Psychological Assessment and Behavioral Data
The baseline mean BDI and OCI-R scores were all with-

in the normal range (Table 1) [24,29]. Participants showed 
no differences in emotional intensity of response (3.8 ± 
0.3 vs. 3.8 ± 0.3) and response time (1.3 ± 0.6 vs. 1.4 ± 
0.6 seconds) between PS and NS conditions while per-
forming the TAF task during the MRI scan.

Common Brain Activation of Positive and Negative 
Statements Conditions

Conjunction analysis using data from both the PS and 
NS conditions showed significant activation in the bi-
lateral lingual and fusiform gyri, bilateral inferior frontal, 
and inferior orbitofrontal gyri (corresponding to the ven-
trolateral prefrontal cortex [vlPFC]), left middle frontal gy-
rus (corresponding to the dorsolateral PFC [dlPFC]), left 
supplementary motor area, left superior medial frontal gy-
rus (corresponding to dorsomedial PFC [dmPFC]), left 
mid-cingulate gyrus, bilateral angular and supramarginal 
gyri, left inferior parietal lobule, left middle temporal gy-
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Table 2. Conjunction analysis of brain activation for both positive and negative TAF statements

Region Left/Right Cluster size
MNI coordinates (mm)

Peak T
x y z

Lingual gyrus L 463 −8 −74 −4 6.68
R 67 6 −70 2 5.29

Fusiform gyrus L 175 −30 −70 −14 5.16
R 99 30 −70 −12 5.07

Supplementary motor area L 315 −2 14 58 6.89
Superior medial frontal gyrus L 187 −6 18 42 5.37
Middle frontal gyrus L 199 −36 4 52 5.05
Inferior parietal lobe L 279 −34 −54 44 5.75
Angular gyrus L 112 −58 −54 32 5.77

R 38 38 −60 48 4.73
Supramarginal gyrus L 219 −56 −54 30 5.27

R 48 58 −48 28 4.69
Mid cingulate gyrus L 121 −6 22 38 4.81
Inferior frontal gyrus L 237 −48 20 0 5.55

R 21 42 20 6 4.83
Inferior orbito-frontal gyrus L 149 −48 20 −4 6.00

R 35 44 38 −12 5.11
Middle temporal gyrus L 267 −58 −28 −4 5.92
Thalamus L 28 −8 −10 −2 5.02
Cerebellum posterior lobe R 110 10 −74 −24 6.07

TAF, thought-action fusion; MNI, Montreal Neurological Institute.
p ＜ 0.05, false discovery rate (FDR) corrected for multiple comparison and minimum cluster size of 10.

Fig. 1. Brain activation for conjunction analysis for conditions of both positive and negative statements. The map threshold was at a false discovery 
rate-corrected p value ＜ 0.05 with a minimum cluster size of 10.

rus, left thalamus, and cerebellum (Table 2 and Fig. 1). 

Differential Brain Activation between Positive and 
Negative Statements Conditions

The NS ＞ PS comparison revealed several new regions 
not shown in the conjunction analysis, including the bi-
lateral precuneus and left rostral prefrontal gyrus, bilateral 
superior frontal gyri, right insula, caudate body, medial 
globus pallidus and thalamus, and left midbrain. It also re-
vealed the same and adjacent regions shown in the con-
junction analysis (i.e., several frontal subregions, superior 
and inferior parietal lobules, middle and superior tempo-
ral gyri, and the cerebellum). In contrast, the PS ＞ NS 
comparison revealed no significant activation even at a 

lower threshold level of p ＜ 0.005 (uncorrected; Table 3 
and Fig. 2). 

Relationship between Regional Activity and 
Psychological Measures

ROIs were used to investigate based on the differential 
analysis of this study whether activities in those regions 
were correlated with behavioral and psychological 
measures. The inferior orbitofrontal gyrus, insula, globus 
pallidus, and precuneus were correlated positively with 
response time and negatively with emotional intensity 
while subjects responded to the negative TAF task during 
the MRI scan (Fig. 3) in terms of behavioral data. However, 
all these regions revealed no relationships with either re-



 Neural Correlates of Positive Versus Negative Thought-action Fusion 633

Table 3. Paired t test of brain activation between positive and negative TAF statements

Condition Region Left/Right Cluster size
MNI coordinates (mm)

Peak T
x y z

Negative ＞ Positive Precuneus L 238 −6 −68 56 5.48
R 29 10 −64 21 4.20

Middle frontal gyrus L 158 −28 12 52 4.78
Supplementary motor area L 40 −12 4 52 5.00
Superior parietal lobe L 76 −22 −72 50 5.05
Superior frontal gyrus L 106 −26 32 34 4.92

R 29 22 42 26 4.91
Rostral prefrontal gyrus L 31 0 60 6 4.94
Mid cingulate gyrus L 36 −4 −42 44 5.01
Inferior parietal lobe L 152 −56 −46 26 5.16
Middle temporal gyrus L 128 −60 −32 4 5.55

R 351 64 −44 −1 4.79
Superior temporal gyrus L 72 −58 −28 4 5.25

R 351 50 −44 10 5.77
Medial globus pallidus R 75 12 2 −6 5.45
Lingual gyrus L 48 −16 −52 −6 4.80
Inferior orbito-frontal cortex L 56 −36 30 −4 5.01
Insula R 34 40 20 −12 4.84
Thalamus L 55 −8 −28 4 4.99

R 32 6 −24 4 4.75
Caudate nucleus R 23 14 0 18 4.83
Midbrain L 78 −8 −28 −22 5.60
Cerebellum anterior lobe R 91 22 −46 −26 5.24
Cerebellum posterior lobe L 205 −16 −80 −42 5.63

R 147 28 −72 −42 5.27
Positive ＞ Negative No significant activation

TAF, thought-action fusion; MNI, Montreal Neurological Institute.
p ＜ 0.05, false discovery rate (FDR) corrected for multiple comparison and minimum cluster size of 10.

sponse time or emotional intensity in the positive TAF 
condition. 

Precuneus activity was associated with the TAFS on 
baseline psychological measures (Fig. 2). The activity in 
the left inferior orbitofrontal gyrus (r = 0.50, p  = 0.004), 
right insula (r = 0.36, p = 0.046), left superior (r = 0.45, p = 
0.011) and middle (r = 0.39, p  = 0.03) frontal gyri, medial 
prefrontal cortex (r = 0.36, p  = 0.046), inferior parietal lo-
bule (r = 0.39, p  = 0.03), and precuneus (r = 0.36, p  = 
0.047) were associated with total DOCS scores. The cor-
relation between total DOCS scores and left inferior orbi-
tofrontal gyrus was maintained after Bonferroni correction.

Additional exploratory correlation analyses were con-
ducted to evaluate the relationships between each di-
mension of OCDs and activity in the brain regions (Table 
4). The dimension of contamination was correlated with 
the superior frontal gyrus, inferior orbitofrontal gyrus, in-
sula, globus pallidus, and precuneus; the dimension of re-
sponsibility with the inferior orbitofrontal gyrus and in-

ferior parietal lobule; and the dimension of unacceptable 
thoughts with the superior and middle frontal gyri and ros-
tral prefrontal gyrus. On the other hand, the dimension of 
symmetry showed no relationship with any brain regions. 

DISCUSSION 

This study had several main findings. First, both PS and 
NS showed shared activations in the fusiform and lingual 
gyri, midcingulate and superior medial frontal gyri, in-
ferior orbitofrontal gyrus, and temporoparietal junction 
(TPJ). Second, the NS ＞ PS comparison revealed addi-
tional activation in the precuneus and medial frontal pole, 
superior frontal gyrus, insula, globus pallidus, thalamus, 
and midbrain in terms of differential activations. On the 
other hand, the PS ＞ NS comparison revealed no sig-
nificant activation. Third, the activity in the precuneus 
correlated with the TAFS among the ROIs activated in the 
NS ＞ PS comparison. Together with those of the pre-



634 S.W. Lee, et al.

Fig. 2. Brain activation for the negative statements minus the positive statements condition. (A and B) show activations on the axial and coronal 
planes, respectively. Note that coronal images well-demonstrate the insula (Y = 21), caudate body, and globus pallidus (Y = 0), cingulate gyrus (Y = −
4), and mediodorsal thalamus and midbrain (Y = −30). (C) depicts the significant correlation between β values in the precuneus (two red arrows in
A) and scores of the Thought-Action Fusion Scale. The map threshold was at an uncorrected p value ＜ 0.005 with a minimum cluster size of 10.
TAF, thought-action fusion.

cuneus, the activities in areas including the inferior orbi-
tofrontal gyrus, several prefrontal regions, insula, and 
globus pallidus commonly showed significant relation-
ships with the variables of the performance and OC symp-
tom scores.

Shared Activation of Positive and Negative TAF 
Statements 

Commonly activated regions in this study were the fusi-
form and lingual gyri (associated with the visual associa-
tion), midcingulate and superior medial frontal gyri (asso-
ciated with cognitive motor control, self-processing, and 
mentalizing), the inferior orbitofrontal gyrus (associated 
with cognitive reappraisal), and the inferior frontal cortex 
(associated with the mirror neuron system). The results of 
this study cannot suggest TAF-specific brain regions be-
cause most of these regions were overlapped with lan-

guage and semantic networks [30-32]. However, the re-
sults of this study may contain several possible implica-
tions.

First, consistent with a previous study, this analysis 
showed activation of visual association areas such as the 
fusiform, lingual, and superior parietal lobes [20]. These 
structures have been linked to linguistic processing, the 
retrieval of visual imagery [33]. Also, these areas may 
have been more activated due to increased engagement 
of visual association areas in the negative TAF relative to 
that of the positive TAF condition. The results support the 
results of a previous study that suggests the importance of 
visual imagination in the TAF situation [20]. Second, spe-
cific roles related to TAF processing may exist although 
TPJ and vlPFC were crucial components for the language 
network. The left TPJ plays an important role in reasoning 
about otherʼs beliefs, intentions, desires [34], and theory 
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Fig. 3. Relationship between regional activity and the emotional intensity and response time during the magnetic resonance imaging scan in the 
condition of the negative statements minus the positive statements.

Table 4. Correlation between negative TAF-related activated regions and obsessive-compulsive dimensions

OC symptom dimensions Lt. SFG Lt. MFG MPFC Lt. IOFG Rt. Insula Rt. mGP Lt. IPL Lt. Prec Rt. Prec

Germs and contamination r 0.462 0.239 0.307 0.541 0.428 0.393 0.195 0.008 0.392

p 0.009 0.195 0.093 0.002 0.016 0.029 0.294 0.966 0.029
Responsibility for harm, injury r 0.320 0.298 0.176 0.472 0.267 0.296 0.416 0.088 0.287

p 0.079 0.103 0.344 0.007 0.147 0.106 0.020 0.639 0.117
Unacceptable thoughts r 0.386 0.373 0.381 0.308 0.256 0.148 0.352 −0.032 0.191

p 0.032 0.039 0.034 0.092 0.165 0.426 0.052 0.864 0.304
Symmetry, completeness r 0.306 0.316 0.297 0.349 0.261 0.234 0.254 −0.173 0.336

p 0.094 0.084 0.104 0.054 0.156 0.205 0.167 0.353 0.065

TAF, thought-action fusion; OC, obsessive-compulsive; Lt., left; Rt., right; SFG, superior frontal gyrus; MFG, middle frontal gyrus; IOFG, inferior 
orbitofrontal gyrus; mGP, medial globus pallidus; IPL, inferior parietal lobule; Prec, precuneus.

of mind [35]. Also, vlPFC has been implicated as a key 
node of the regulatory cognitive control networks, partic-
ularly the selection and inhibition of appraisals, during 
cognitive reappraisal of emotion [36]. Therefore, these re-
gions may be related to feeling the pain of others and 
monitoring the appropriateness of the response aroused 
by the TAF stimuli.

Differential Activation in Positive and Negative TAF 
Conditions

Interestingly, no significant activation was noted in the 
positive TAF ＞ negative TAF contrast. In an fMRI study 
assessing empathic response to others experiencing pain 
and happiness depicted in pictures, empathy for pain acti-
vated much broader areas than empathy for happiness, al-
though positive empathy selectively activated regions as-

sociated with positive affect such as the ventromedial PFC 
[37]. A previous EEG study revealed that although the de-
gree of empathy elicited by a negative event involving ei-
ther a stranger or close friend was larger than that of the 
control, the empathic response elicited by the positive 
event involving a stranger was not larger than that of the 
control [38]. This and previous studies suggest that in-
dividuals show greater neural response to negative than to 
positive events. 

In addition to greater neural activation in general, the 
negative TAF condition revealed differentially activated 
brain regions. First, the precuneus was the area that the 
negative TAF was more robustly recruited than the pos-
itive TAF. The TAF paradigm of this study showed that the 
precuneus is thought to play an important role in vivid au-
tobiographical reminiscence [39]. Also, the precuneus 
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plays a role in mental imagery that has been suggested to 
extend to the imagery modeling other people’s views [40]. 
The third-person perspective recruited more activity of the 
precuneus compared to the first-person perspective [41]. 
The precuneus, together with the superior frontal gyrus 
and orbitofrontal cortex (OFC), is activated when people 
make judgments that require understanding whether to 
act out of empathy and forgiveness [42]. Thus, the negative 
TAF may preferentially recruit the precuneus for sensing 
or judging others’ pain in a negative situation. Accordingly, 
the activity in the left precuneus (corresponding to Brodmann 
area 7) was correlated with the TAFS in this study. 

Second, this contrast demonstrated lateral orbito-
frontal-striatal loops, such as that involving the lateral 
OFC, the body of caudate, medial globus pallidus, and 
mediodorsal nucleus of the thalamus [43,44]. Notably, 
these regions were not evident in the conjunction analysis 
although the lateral OFCs were bilaterally activated. 
Considering the TAF task of this study, these results were 
consistent with an fMRI study demonstrating that activa-
tion of the lateral OFC was tightly associated with re-
appraisal success when participants were forced to cogni-
tively reappraise an aversive image [45]. Therefore, the 
roles of lateral OFC may monitor the appropriateness of 
responses aroused by the TAF situation and control the 
transition between goal-directed and habitual behaviors 
following the revaluation of various outcomes within the 
context of decision making. 

Third, the midbrain tegmentum and anterior insula 
were differentially activated in the negative TAF condition 
in this study [46]. Interoception and emotional feelings 
may share a common route through the brainstem to the 
anterior insular cortex [47,48]. These regions are components 
of salience network (SN) together with dlPFC. Working to-
gether, the subcortical components of the SN communi-
cate extensively with their cortical counterparts to select 
salient (motivationally relevant) stimuli and to enable 
such stimuli to direct cognition and behavior. This archi-
tecture enables the SN to play its central roles in salience 
detection, cognitive control, and the selection and/or in-
hibition of behavioral responses during healthy brain 
function. These findings suggest that salience detection 
can be a crucial component for TAF processing when 
characterizing the TAF stimuli of this study as one that has 
negative emotional valence with high ambiguity. 

Differential points should be noticed although the re-

sults of this study seem to correspond to negative emo-
tional processing. The limbic regions, especially the 
amygdala, were commonly activated by negative emo-
tional stimuli [49,50]. A recent meta-analysis showed that 
negative emotion recruited more activity in the amygdala, 
insula, and mPFC compared with positive emotion [51]. 
However, previous [20] and current studies showed that 
the TAF stimuli consistently induced activity in the pre-
cuneus, lateral prefrontal structures, and basal ganglia in-
cluding the caudate nucleus. These components can be 
related to perspective-taking [41], empathy [42], and ob-
sessional thought regarding the cortico-striato-thalamo- 
cortical circuit rather than the classical emotional network.

Regions Associated with the Performance of Negative 
TAF Tasks

Activities in the regions of the globus pallidus, inferior 
orbitofrontal gyrus, insula, and precuneus commonly 
showed positive relationships with response time and 
negative correlations with emotional intensity when per-
forming a negative TAF task. In other words, these four 
areas were used more actively when participants took a 
longer time and evaluated negative TAF statements less 
negatively. It is speculated that these four regions are piv-
otal areas for determining the speed of response from 
evaluating stimuli (i.e., negative TAF statements) to taking 
actions (i.e., pushing a button). 

Relationships between Activated Areas and 
Obsessive-compulsive Symptoms

Although the participants of this study were healthy 
subjects, their responses have value for addressing the re-
lationships between TAF-related activation and OC symp-
toms because the concept of TAF was originally devel-
oped to understand cognitive reappraisal style in OCD. In 
addition to the four aforementioned regions, the superior 
and middle frontal gyri (dlPFC), medial PFC, and inferior 
parietal lobule were correlated with DOCS scores. A re-
cent meta-analysis showed that all these regions were im-
plicated in functional imaging studies suggesting that 
OCD-related brain dysfunction involves increased affec-
tive and self-referential processing, enhanced salience 
and habitual responding, and blunted cognitive control 
[52]. According to this meta-analysis, positive and neg-
ative TAF paradigm includes both non-affective and affec-
tive aspects of the cognitive task. Moreover, though pre-
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liminary in nature, each OC dimension has its correlation 
pattern with the ROIs. Notably, the contamination di-
mension correlated with the insula (associated with dis-
gust), the responsibility dimension with the inferior parie-
tal lobule (associated with perspective taking), and the un-
acceptable thought dimension with the dlPFC and dmPFC 
(associated with cognitive control).

This study has several limitations. First, the results of 
conjunctional analyses should be cautiously interpreted. 
The activity of the brain regions related to the language 
network can be included in the results of this study be-
cause an appropriate contrast, such as sentence stimuli, 
was not used in our conjunctional analysis. Second, ha-
bituation effects could have weakened the positive 
TAF-related brain response. The positive TAF statements 
were implemented after the negative TAF statements. 
Even though habituation effects may exist, this study firstly 
confirmed a shared brain network related to the TAF re-
sponse in both positive and negative aspects. Third, the 
level of belief of the subjects on statements believed to 
likely happen can be a crucial component of the TAF 
paradigm of this study. However, the participants were 
not asked directly. Thus, the relationship between brain 
activity and the subjects’ strength of false beliefs induced 
by the TAF task could not be explained. Fourth, the gen-
eralizability of the results could be limited by the sample 
characteristics of the all-male subjects in this study. 
However, previous literature has suggested that TAF belief 
may not be dependent on sex [53,54]. Future studies are 
needed to compensate for the limitations of the present 
study and confirm its findings for a better understanding of 
the biological mechanism underlying the TAF responses 
connected to various psychopathologies.

In conclusion, negative TAF induced more brain activa-
tion compared to positive TAF. Relative to positive TAF, 
negative TAF recruit additional regions for self-referential 
processing, salience, and habitual responding, which 
may contribute to the activation of the belief that a neg-
ative thought increases the probability of that negative 
outcome. In addition, among these regions, the activity of 
precuneus that was involved in mental imagery, per-
spective taking, and emphatic response was directly asso-
ciated with the TAF score.
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