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Abstract

Motivation, defined as the energizing of behavior in pursuit of a goal, is a fundamental element of our interaction with
the world and with each other. Furthermore, as it is known that cooperation leads to higher levels of performance than do
individual conditions, empathic concern is also crucial to all forms of helping relationships. A growing number of studies
indicate that motivation and empathy are associated not only with organizational performance and study achievements, but
also with the human brain. However, to date, no definite neuroimaging-derived measures are available to measure motivation
and empathy objectively. The current research evaluated the association of motivation and empathy with the whole brain
using the gray-matter brain healthcare quotient (GM-BHQ), an MRI-based quotient. Participants were 47 healthy adults. All
subjects underwent structural T1-weighted imaging. Motivation levels were evaluated using four motivation scales: Behav-
ioral Activation System (BAS), Self-Monitoring Scale (SMS), Self-Control Scale (SCS), and Behavioral Inhibition System
(BIS). Interaction levels, including empathic concern, were evaluated using four subscales of the Interpersonal Reactivity
Index (IRI). It was found that the GM-BHQ was most significantly sensitive to the BAS scale (p =0.002). Furthermore, the
GM-BHQ was moderately sensitive to the SMS (p =0.028) and subscales of the IRI (p =0.044 for Fantasy and p=0.036
for Empathic Concern). However, no significant association was found between the GM-BHQ and other variables (BIS and
SCS). These results suggest that the GM-BHQ might reflect motivation and empathic concern.

Keywords Gray-matter brain healthcare quotient - Magnetic resonance imaging data - Interpersonal Reactivity Index (IRI) -
Self-Control Scale (SCS) - Self-Monitoring Scale (SMS) - Behavioral Inhibition System (BIS) - Behavioral Activation
System (BAS) - Motivation

Introduction

Motivation, defined as the energizing of behavior in pur-
suit of a goal, is a fundamental element of our interaction
with the world and with each other (Smith et al., 2015).
Previous studies have shown that motivation has a signifi-
cant positive relationship with performance in academics
(Covington, 2000), sports (Gillet et al., 2012), and research
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and development (Lai & Chang, 2010), among others. In
addition, those who have empathy for the other person are
more likely to lead to higher performance through coop-
eration than individuals (Batson & Ahmad, 2001; Faisal
Ahammad et al., 2015; Flood and Klausner, 2018; Johnson
& Johnson, 1989; Reynolds & Scott, 1999. Stratton et al.,
2005). Moreover, there is also an increasing number of stud-
ies showing the relationship between motivation, empathy,
and brain conditions (Barrés-Loscertales et al., 2006b; Ide
et al., 2020; Li et al., 2014; Schulze et al., 2013; Yang et al.,
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2016). However, previous studies have shown a relation-
ship between the state of individual brain regions and indi-
vidual psychological scales, but there was no comprehensive
examination of the relationship between the overall state of
the brain and motivation and empathy scales. Therefore, this
study is the first to investigate the relationship between vari-
ous motivation and empathy measures and the whole-brain
gray matter volume (GMV) and makes a meaningful contri-
bution to both psychological and brain research.

Relationship between Motivation and Brain

Motivational tendencies have been assessed using a variety
of tools such as the Behavioral Activation System (BAS)
and Self-Monitoring Scale (SMS). The BAS self-report
questionnaire developed by Carver and White (Carver &
White, 1994) provides a measure of the individual’s usual
tendency to approach rewarding stimuli. In other words, the
BAS is crucial for reward-related motivation (Levy & Glim-
cher, 2012; Volkow et al., 2011) and is related to individuals'
abilities to cope with uncertainties in their career develop-
ment as well as individuals' career adaptability (Elliot &
Thrash, 2010). This system has also been found to corre-
late with positive feelings such as hope, joy and happiness
(Carver & White, 1994). The SMS is a scale that denotes the
degree to which individuals are motivated to comply with
social norms and modify their actions to meet normative
expectations in social interactions (Snyder, 1974). Hence,
individuals with relatively high self-monitoring are deeply
concerned with their public appearance, and, consequently,
they are willing to strictly control their expressive behav-
ior (Gangestad & Snyder, 2000). Indeed, it is found that
self-monitoring is associated with achievement motivation
(Kanani et al., 2017) as well as leadership, job performance
and skills related to getting along with colleagues (Day et al.,
2002).

Cooperation is another fundamental element of interac-
tion with others. Indeed, Johnson and Johnson found that
cooperation led to higher levels of performance than did
individual conditions, indicating the positive potential of
cooperation (Johnson & Johnson, 1989). Other research
indicates that cooperation is increased by empathy (Batson
& Ahmad, 2001), which is crucial to all forms of helping
relationships (Reynolds & Scott, 1999). In support, empathic
concern measured through the Interpersonal Reactivity
Index (IRI: Davis, 1980) was positively correlated with com-
munication skills (Stratton et al., 2005). In the field of edu-
cation, positive relationships between teacher empathy and
student academic achievement have been found (Aspy, 1969;
Robinson et al., 1981). Likewise, recent evidence in the
medical field has shown that a higher level empathy is asso-
ciated with higher levels of clinical competence (Casas et al.,
2017; Hojat et al., 2011; Ogle et al., 2013). In the business
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field, motivation and empathy as a form of human resource
development can be tailored into greater productivity and
higher performance of businesspersons with the develop-
ment of a strong organization and a positive work environ-
ment (Faisal Ahammad et al., 2015; Flood and Klausner,
2018). With individual national economies becoming ever
more interdependent on the global economy, motivation and
empathy have taken on an even greater importance.

In the field of neuroscience, previous studies have dem-
onstrated that motivation measured with the BAS is posi-
tively associated with the ventral striatum GMV (Ide et al.,
2020), mesolimbic and mesocortical dopamine projections
(Clithero et al., 2011; Simon et al., 2010), and greater activ-
ity in the left frontal lobe (Balconi et al., 2012; Harmon-
Jones et al., 2010). Other studies have indicated associa-
tions between Sensitivity to Reward scores (a BAS-related
measure developed by Torrubia et al., 2001) and GMV in
the dorsal striatum, prefrontal cortex, and inferior parietal
lobule (Barrés-Loscertales et al., 2006b; Li et al., 2014).
Motivation measured using the SMS is also reported to be
correlated with GMV in the dorsal cingulate anterior cortex,
dorsal lateral prefrontal cortex, and bilateral ventral stria-
tum (Yang et al., 2016). Similarly, empathy with others has
been suggested and shown to involve the anterior insula and
mid cingulate cortex (Fan et al., 2011; Kurth et al., 2010;
Singer & Lamm, 2009; Tusche et al., 2016). Consistently,
empathy measured using the IRI was positively correlated
with GMYV in the left anterior insula (Schulze et al., 2013).
Another study found an influence of empathy on behavior
through high-level activity in the left supramarginal gyrus
(Yamaji et al., 2019). Considering this, GMV or neuroimag-
ing-derived measures could be used to evaluate motivation
or empathy.

However, there have been no studies showing the relation-
ship between the state of the whole brain and motivation
or empathy. Moreover, to date, no definite neuroimaging-
derived measures were available to assess motivation or
empathy at the whole-brain level. Previously it was shown
that the whole brain GMV is related to age (Nemoto et al.,
2017), fatigue (Kokubun et al., 2018), curiosity (Kokubun
et al., 2020), dietary balance (Kokubun & Yamakawa, 2019),
and lifestyle (Kokubun et al., 2021) using a neuroimag-
ing-derived whole-brain measure, the “gray-matter brain
healthcare quotient (GM-BHQ)” an international standard
(H.861.1) approved by the International Telecommunication
Union Telecommunication Standardization Sector (ITU-T).
Here, GM-BHQ is an average of standardized gray mat-
ter measures for 116 brain regions based on the AAL atlas
(Tzourio-Mazoyer et al., 2002). The advantage of the GM-
BHAQ is that it makes it relatively easy to understand the
state of the brain in terms of GMV. Moreover, GM-BHQ
was more strongly correlated with cognitive function than
its regional subscales including hippocampus-BHQ or
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parahippocampus-BHQ (Watanabe et al., 2021), indicating
that the whole-brain GMV reflects cognitive function better
than individual regional GMV. As the whole-brain GMV
is influenced by one’s personality, cognitive ability, and
surrounding environment (Kokubun & Yamakawa, 2019;
Kokubun et al., 2018, 2020, 2021; Nemoto et al., 2017;
Watanabe et al., 2021), it has been shown that motivation
(Subramanian et al., 2020; Wtodarska et al., 2019; Zhang
et al., 2020) and empathy (Jami et al., 2021; Putrino et al.,
2021) are also influenced by those factors. Therefore, it is
reasonable to hypothesize that whole-brain GMV correlates
with motivation and empathy.

The Present Study

This study reveals the relationship between GM-BHQ and
the various motivation- and empathy-related psychologi-
cal measures mentioned above. GM-BHQ is a measure that
reflects whole brain GMV which is associated with vari-
ous personal and environmental factors (Kokubun & Yam-
akawa, 2019; Kokubun et al., 2018, 2020, 2021; Nemoto
et al., 2017; Watanabe et al., 2021). Previous studies have
clarified the relationship between individual brain regions
and motivation- and empathy-related psychological indica-
tors (Barrés-Loscertales et al., 2006b; Ide et al., 2020; Li
et al., 2014; Schulze et al., 2013; Yang et al., 2016). Fur-
thermore, it has been shown that motivation and empathy
depend on various personal and environmental factors (Jami
et al., 2021; Putrino et al., 2021; Subramanian et al., 2020;
Witodarska et al., 2019; Zhang et al., 2020) as the brain con-
dition did. Therefore, it was hypothesized that whole-brain
GMV could also vary due to motivation and empathy levels.

Methods
Participants

Fifty-two healthy participants (37 females and 15 males)
were recruited in Kyoto, Japan. Potential participants who
had medical histories of neurological, psychiatric, or medi-
cal conditions that could affect the central nervous system
were excluded from recruitment. After recruitment, the
Self-Diagnostic Fatigue Check List (SDFCL; Kuratsune,
2014) was administered to screen for physical fatigue. The
SDFCL scores of five participants were higher than the
“cautious level” in terms of physical fatigue (8 points for
men and 9 points for women), so they are excluded because
our previous research indicates that the GM-BHQ is influ-
enced by fatigue (Kokubun et al., 2018). Thus, the analy-
sis included forty-seven participants (35 females and 12
males), aged 40—-68 (mean (M) + standard deviation (SD):
49.1 + 6.8 years). This study was approved by the ethics

committee of Kyoto University (approval number 27-P-13)
and performed in accordance with the guidelines and regula-
tions of the institute. All participants gave written informed
consent prior to participation, and participant anonymity has
been preserved.

Motivation and Empathy Scales

In this study, the authors investigated the relationship
between the GM-BHQ of healthy participants and the above-
mentioned motivation and interpersonal scales: BAS, SMS,
and IRI. Additionally, to enrich our understanding of these
associations, the authors employed two social psychologi-
cal scales: the brief version of the Self-Control Scale (SCS:
Tangney et al., 2004) and the Behavioral Inhibition System
scale (BIS: Carver & White, 1994). The authors chose these
scales because they are scales of inhibitive or restrictive
motivation, which provides a good contrast with the BAS
and SMS scales.

Motivation scales are separated into two categories: One
is the assessment of how an individual approaches reward
stimuli while modifying their actions (BAS and SMS), and
the other assesses how an individual withdraws or changes
their emotions/behaviors to prevent them from emerging
(BIS and SCS). Interpersonal scales (four subscales of
the IRI: Perspective Taking (PT), Personal Distress (PD),
Empathic Concern (EC), and Fantasy (F)) are for measuring
empathy or belief in interactive situations with peers. As is
discussed above, BIS and SCS may counteract effective or
efficient behaviors. Therefore, the authors predict that they
are negatively associated with or have no association with
the GM-BHQ in contrast to the BAS, SMS, and IRI.

The authors employed four sets of motivation-scale ques-
tionnaires, BIS, BAS, SMS, and SCS, and one set of an
empathy-scale questionnaire, IRI, to evaluate the motivation
and empathy of participants. The summary of these ques-
tionnaires is shown in Table 1. The Japanese version of the
Behavioral Inhibition/Activation Scales (BIS/BAS), origi-
nally developed by Carver and White (1994), comprises 20
questions (Takahashi et al., 2007). The BIS scale (7 items)
measures sensitivity to avoidant behavior and fear of punish-
ment while the BAS scale (13 items) measures anticipation
of reward, motivation toward desired goals, and desire to
approach novel situations with an expectation of reward.

The Self-Monitoring Scale (SMS), developed by Snyder
(1974), measures people’s ability and motivation to alter
their behavior to accommodate social contexts. The origi-
nal form of the SMS consists of 25 items with a true/false
format. However, the present research employed a 5-point
Likert scale as is similarly done in Briggs et al. (Briggs
et al., 1980).

The Self-Control Scale (SCS) developed by Tangney et al.
(Tangney et al. 2004) measures dispositional self-regulatory
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Table 1 Description of the scales used in this research

Scale

Number of items
comprising the
scale

Response scale

Sample item

Behavioral Inhibition System (BIS)
Behavioral Activation System (BAS)
Self-Monitoring Scale (SMS)
Self-Control Scale (SCS)

Perspective Taking (PT) subscale of
Interpersonal Reactivity Index (IRI)

Personal Distress (PD) subscale of
Interpersonal Reactivity Index (IRI)

Empathic Concern (EC) subscale of
Interpersonal Reactivity Index (IRI)

Fantasy (F) subscale of Interpersonal
Reactivity Index (IRI)

7 items

13 items

25 items

13 items

7 items

7 items

7 items

7 items

4 points from 1 (strongly disagree) to 4
(strongly agree)

4 points from 1 (strongly disagree) to 4
(strongly agree)

5 points from 1 (strongly disagree) to 5
(strongly agree)

5 points from 1 (not at all like me) to 5
(very much like me)

5 points from -2 (does not describe me
well) to+2 (describes me very well)

5 points from -2 (does not describe me
well) to+2 (describes me very well)

5 points from -2 (does not describe me
well) to+2 (describes me very well)

5 points from -2 (does not describe me
well) to+2 (describes me very well)

Criticism or scolding hurts me quite a bit

When I go after something, I don’t hold
anything back

I’m not always the person I appear to be

People would say that I have iron self-
discipline

I try to look at everybody’s side of a
disagreement before I make a decision

In emergency situations, I feel apprehen-
sive and ill-at-ease

I often have tender, concerned feelings
for people less fortunate than me

I really get involved with the feelings of
the characters in a novel

behaviors. The current research employed the 13-item brief
version because the vast majority of researchers have used it.

The Interpersonal Reactivity Index (IRI; Davis, 1980),
a widely used multi-dimensional measure of trait empathy,
consists of four subscales: Perspective Taking (PT); Personal
Distress (PD); Empathic Concern (EC); and Fantasy (F).
PT measures the tendency to think from another’s point of
view; PD measures the response to difficult interpersonal
situations of others; EC measures the sympathy for another’s
feelings; and F measures the use of imagination to experi-
ence the feelings and actions of characters in creative works.
Each subscale contained seven items. They were measured
on a five-point Likert scale.

The two motivational scores had good Cronbach’s alpha
internal consistencies (BAS: «=0.837; SMS: a«=0.837).
Further, the consistencies of most variable scores (IRI-
F: a=0.853; IRI-PT: «=0.732; IRI-PD: a=0.777; SCS:
oa=0.804) were over 0.7 which is a generally accepted level
(Cortina, 1993; DeVellis, 2012). The consistencies of some
variables, IRI-EC (x=0.646) and BIS (a=0.660), were rela-
tively low, although still higher than 0.6 which is a looser
acceptable level set by some researchers (Taber, 2018; Van
Griethuijsen et al., 2015). However, the current research
used them as they were because the values did not increase
for either scale even when some items were deleted.

MRI Data Acquisition
Magnetic resonance imaging (MRI) data were obtained
using 3 T scanners (Verio, Siemens Medical Solutions,

Erlangen, Germany or MAGNETOM Prisma, Siemens,
Munich, Germany) with a 32-channel head array coil. A
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three-dimensional T1-weighted magnetization-prepared
rapid-acquisition gradient echo (MP-RAGE) pulse sequence
produced a gapless series of sagittal sections. The param-
eters were as follows: repetition time (TR), 1900 ms; echo
time (TE), 2.52 ms; inversion time (TT), 900 ms; flip angle,
9°; matrix size, 256 X 256; field of view (FOV), 256 mm; and
slice thickness, 1 mm.

MRI Data Analysis

The GM-BHQ was calculated according to our previous
study (Nemoto et al., 2017). First, the authors segmented
GM images from T1-weighted images using Statistical Par-
ametric Mapping 12 (SPM12; Wellcome Trust Centre for
Neuroimaging, London, UK) running on MATLAB R2015b
(Mathworks Inc., Sherborn, MA, USA). Then the authors
performed spatial normalization using an exponentiated Dif-
feomorphic Anatomical Registration Through Exponenti-
ated Lie Algebra (DARTEL) algorithm (Ashburner, 2007).
After spatial normalization through DARTEL, the authors
performed modulation to preserve the GM volume. With the
modulation, voxel value represents volume of participants.
Then the authors did smoothing with an 8-mm full-width
at half-maximum (FWHM) Gaussian kernel. The authors
also calculated intracranial volume (ICV) for each subject by
summing up grey matter volume, white matter volume, and
cerebrospinal fluid volume. In order to adjust ICV, propor-
tional GM images were generated by dividing preprocessed
GM images by ICV across participants. Using these propor-
tional GM images, mean and standard deviation (SD) images
across participants were generated. From these images, the
authors calculated the quotient images using the following
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formula: 100+ 15 X (individual proportional GM — mean)
/ SD. Regional GM quotients were then extracted using
an automated anatomical labeling (AAL) atlas (Tzourio-
Mazoyer et al., 2002) and averaged across regions to produce
participant-specific GM-BHQ. Figure 1 shows the flowchart
how GM-BHQ is calculated.

Statistical Analysis

In order to investigate the correlation between the GM-
BHQ and various variables, the authors employed hierar-
chical multiple regression analysis to examine differences
in the degree of association between variables. The authors
entered the control variables of age and sex in Step 1 and the
main effects of sequential motivation-related or psychologi-
cal variables individually in Step 2. In Step 3, the authors
entered all the variables simultaneously using the step-wise
variable selection method. This method is for simplifying
statistical models, introducing the explanatory variables that
have the most significant influence on specific dependent
variables step by step until no newly added explanatory vari-
ables become statistically insignificant (Hocking, 1976). The
authors added these respective variables to the models based
on the hypothesis that motivational and other psychological

Calculate intracranial volume

variables are closely related to GM-BHQ after adjusting
for age and sex. The significance level was determined at
p<0.05. All statistical analyses were performed using IBM
SPSS Statistics Version 26 (IBM Corp., Armonk, NY, USA).

Results

Descriptive statistics for subjects and correlation coefficients
between psychological scales are shown in Table 2. The
GM-BHQ was correlated with age (r=-0.606, p <0.001) and
sex (r=0.617, p<0.001) for a significance level of p <0.05.
Therefore, the authors used these variables as control vari-
ables in the following hierarchical multiple regression analy-
sis. The GM-BHQ was also correlated with IRI-F (r=0.408,
p<0.01) and BAS (r=0.496, p <0.001) for a significance
level of p <0.05. Any of the correlation coefficient values is
less than the critical value of 0.7, indicating that there is no
concern of multicollinearity even when they are input in a
single multiple regression equation (Booth et al., 1994; Yu
et al., 2015). However, the authors input the main variables
one by one in this study based on the guidelines that one
predictive variable can be studied for every ten (Hair et al.,
2010; Peduzzi et al., 1996) or twenty (Schneider et al., 2010)

Extract Warp to Smoothing /
grey matter standard Proportional
space scaling

Control — B c D E
data I File AAL_1 AAL_2 AAL_3 AAL_4
> bhg_pvV_M» 964 863 99.9 93.9
: bhg_pv_Mr 1115 109.9 102.3 100.8
+ bhg_pv_M» 948 96.8 103.4 100.2
Calculate Z-score Calcucate local Calculate (Global) GM-BHQ
based on mean and  standardized BHQ within by averaging local BHQ
standard deviation image regions defined
of control. by an atlas oL ou 2
. AAL_115 AAL_116 [ GM-BHO
Then, standardize 115.6 128
voxel value by 92.4 101
100+15X Z-score 110.0 115.%

Fig. 1 Flowchart how GM-BHQ is calculated
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SD

Mean

Table 2 Descriptive statistics and correlations

Variable
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98.547 8.090

GM-BHQ

1

2

-0.606%*%*

0.617***
0.853 0.408%**
0.732  0.267

0.646 0.265

49.085 6.975

1.745
4.362

Interpersonal Reactivity Index, Perspective Taking (IRI-PT) 4.404  4.200

Interpersonal Reactivity Index, Empathic Concern (IRI-EC) 4.936

=2)

Age (male=1, female

-0.318*
-0.197
-0.015
0.132
-0.079
-0.138
0.158
-0.010
-0.050

0.441

Sex

0.272
0.210

5.678

Interpersonal Reactivity Index, Fantasy (IRI-F)

4
5
6
7
8
9

0.43 1%

0.578%**
0.152

0.454%*

0.342%*

0.281

3.727

0.410

0.315*
0.335%

0.777 0.091

-0.787 4.634
37.170 5.305
74.404

Interpersonal Reactivity Index, Personal Distress (IRI-PD)

Behavioral Activation System (BAS)

Self-Monitoring Scale (SMS)
10 Behavioral Inhibition System (BIS)

0.233

0.469%*
0.358%*
0.232

0.376%*

0.311*

0.4971%**

0.837 0.496%%**

0.446%+
0.132
-0.015

-0.009 0.345% -0.013

11.600 0.837 0.136

0.013

0.581%**
-0.089

0.182 0.013

0.289*

0.149
0.197

0.660 0.033

18.383 3.166

0.151 0.021

0.033

0.244

0.804 0.057

44.106 7.179

Self-Control Scale (SCS)

11

47.
*p<0.05.

n=

#kp <0.01.

w45 < 0.001.

samples to avoid the problem of multicollinearity given the
small number of samples.

Table 3 shows the results of hierarchical multiple regres-
sion analyses. In Step 1, both age (R=0.753, p=-0.485,
p<0.001) and sex (R=0.753, p=0.472, p<0.001) were
significant, revealing that GM-BHQ scores tended to
be lower in male and elderly participants than in female
and younger participants. In Step 2, in addition to age
and sex, the main variables were added one by one. BAS
(R=0.808, p=0.309. p=0.002), SMS (R=0.783, $=0.218.
p=0.028), IRI-F (R=0.779, $=0.208. p =0.044), and IRI-
EC (R=0.781, p=0.221. p=0.036) were significantly
associated with a higher GM-BHQ. In Step 3, only BAS
was selected by the step-wise selection method as a vari-
able significantly associated with higher GM-BHQ. Other
variables, BIS (R=0.754, p=-0.043. p=0.672), SCS
(R=0.756, p=-0.061. p=0.554), IRI-PT (R=0.771,
f=0.169. p=0.096), and IRI-PD (R=0.577, f=-0.104.
p=0.324), were not associated with GM-BHQ for a signifi-
cance level of p <0.05. In support, with a Bonferroni correc-
tion (significance level divided by the number of independ-
ent tests), only one of the four results remained significant
(BAS, p=0.002 <0.00625=0.05/8). However, as there are
significant correlations between BAS and other variables in
Table 2, the authors may say SMS, IRI-F, and IRI-EC are
at least indirectly associated with GM-BHQ through a cor-
relation with BAS. Moreover, GMV without normalization
(available upon request) did not correlate with any of these
behavioral scales of the study because it does not represent
the conditions of individual regions correctly. For reference,
the scattered plots for correlation of GM-BHQ (controlled
for differences in age and sex) with IRI-F, IRI-EC, BAS and
SMS are shown in Figures. 2, 3, 4 and 5.

Discussion

In this research the authors explored the association of moti-
vation and empathy with GMV. The authors found that the
GM-BHQ was most significantly sensitive to BAS, which
reflects anticipation of reward, motivation toward desired
goals, and desire to approach novel situations with expec-
tation of reward. Furthermore, the GM-BHQ was moder-
ately sensitive to SMS and subscales of the IRI (Fantasy
and Empathic Concern). However, no significant association
was found between GM-BHQ and other variables (BIS and
SCS). These results suggest that the GM-BHQ is associated
with certain aspects of motivation and empathy evaluated
by psychological tests.

Motivation, defined as the energizing of behavior in pur-
suit of a goal, is a fundamental element of our interaction
with the world and with each other (Simpson & Balsam,
2015). Empathy is another fundamental element since it is
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Fig.2 Scatter plot of IRI-F and GM-BHQ GM-BHQ is controlled for
differences in age and sex. The regression line is depicted
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Fig.3 Scatter plot of IRI-EC and GM-BHQ GM-BHQ is controlled
for differences in age and sex. The regression line is depicted

well known that cooperation leads to higher levels of per-
formance than do individual conditions. A growing number
of studies indicate that motivation and empathy are asso-
ciated not only with organizational performances or study
achievements, but also with the human brain (Balconi et al.,
2012; Barrés-Loscertales et al., 2006b; Clithero et al., 2011;
Harmon-Jones et al., 2010; Li et al., 2014; Schulze et al.,
2013; Simon et al., 2010; Yamaji et al., 2019; Yang et al.,
2016). Consistent with previous findings, the authors found
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Fig.4 Scatter plot of BAS and GM-BHQ GM-BHQ is controlled for
differences in age and sex. The regression line is depicted
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Fig.5 Scatter plot of SMS and GM-BHQ GM-BHQ is controlled for
differences in age and sex. The regression line is depicted

that GM-BHQ, a neuroimaging-derived measure, tends to be
high in a person with high scores in BAS and SMS.
Previous research indicates that BAS may stimulate and
sustain individuals’ career exploration behavior (Li et al.,
2015), entrepreneurial actions and venture performance
(Lerner et al., 2018). Other research found that the impact
of performance-based financial incentives varied according
to the abilities of the employees: while high-ability employ-
ees may change their level of effort to increase productivity,
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employees with lower abilities may not respond to such
incentive schemes, but rather tend to remain at the same
level of productivity (Faisal Ahammad et al., 2015). This
indicates an association between reward responsiveness and
ability. In support of such findings, in the field of neurosci-
ence, it has been demonstrated that BAS is associated with
mesolimbic and mesocortical dopamine projections (Clith-
ero et al., 2011; Simon et al., 2010), which are recognized
as crucial for reward-related motivation (Levy and Glimcher
et al. 2012; Volkow et al., 2011). Moreover, according to
other research, an association between reward sensitivity
and GMV is seen in the ventral striatum, the dorsal stria-
tum, prefrontal cortex, and inferior parietal lobule (Barrds-
Loscertales et al., 2006b; Ide et al., 2020; Li et al., 2014).
Previous studies have shown that there is a negative correla-
tion between reward sensitivity and GMV in some regions
(Ide et al., 2020). However, the current study shows that the
positive or negative correlation between GMV and reward
sensitivity in individual regions is shown as a positive cor-
relation when viewed throughout the brain.

However, the authors may have to carefully observe
research with contradicting results before the authors
develop a more definite understanding of BAS. For instance,
previous research has shown the experience of anger to be
highly correlated to BAS (Harmon-Jones & Peterson, 2008).
BAS has also been linked to unhealthy behaviors related to
safety, tobacco and other drug use, alcohol consumption, and
sexual practices (Voigt et al., 1994). Results from a neuro-
science study corroborate these findings by revealing con-
sistent significant relationships between anger self-reported
with the BAS and left frontal cortical activation (Watson
et al., 2016). Therefore, simply maintaining a high BAS is
not enough; our behavior must at the same time be appro-
priately controlled in order for us to live successfully within
this society.

In this sense, one promising solution may be individu-
als’ abilities to accurately assess social situations and to
respond appropriately to various situations; this is known as
self-monitoring (Snyder, 1974). Studies have shown signifi-
cant associations between SMS and work-related outcomes
associated with job performance, advancement ability (Day
et al., 2002; Kilduff & Day, 1994; Mehra et al., 2001), job
motivation, and employee well-being (Day & Schleicher,
2006). Research also indicates that high self-monitors are
more likely to emerge as leaders (Ellis, 1988; Zaccaro et al.,
1991), receive more promotions (Kilduff & Day, 1994,
O’Neill & O’Reilly, 2011) and resolve conflicts through
collaboration and compromise (Baron, 1989) because they
are more skilled at social interactions (Furnham & Capon,
1983).

However, simply maintaining high BAS and SMS simul-
taneously may not be sufficient. It is reported that SMS cor-
relates with the three socially malevolent personality traits:

narcissism, Machiavellianism, and psychopathy (Kowalski
et al., 2018). As we do not live alone, but together with many
people in this society, we must acquire skills to cooperate
with peers successfully. For that reason, people may have
to consider others more often. Indeed, social psychological
approaches suggest empathy as one of the most important
motivations for altruistic behavior (Pavey et al., 2012). In
line with this, previous research indicates that “Empathic
Concern”, a subscale of the Interpersonal Reactivity Index
(IRI), predicts altruistic behaviors and in turn fosters mature
prosocial moral reasoning (Edele et al., 2013; Paciello
et al., 2013). Other research has also elucidated that this
scale is positively associated with social competence, and
in turn with academic performance (Zorza et al., 2013), but
negatively associated with aggressive behavior of school-
age adolescents (Batanova & Loukas, 2011). In the area
of neuroscience, Empathic Concern was positively corre-
lated with left anterior insula GMV (Schulze et al., 2013),
and “Fantasy”, another subscale of the IRI, was positively
related with GMYV in the right dorsolateral prefrontal cortex
(Banissy et al., 2012). Conversely, it is found that ‘“Personal
Distress”, one of the four subscales of the IRI, may enhance
moral disengagement mechanisms that may facilitate self-
centered behaviors (Edele et al., 2013). The good news is
that among these IRI subscales, the current research shows
that Empathic Concern and Fantasy are positively correlated
with the GM-BHQ while Personal Distress is not. The rea-
son the fourth subscale, “Perspective Taking”, was not sig-
nificantly correlated with the GM-BHQ may be a difference
in the purpose of the scales: Perspective Taking measures
the cognitive aspects of empathy in contrast with Empathic
Concern, which measures the emotional aspects of empathy
(Ritter et al., 2011).

In contrast, the behavioral inhibition system (BIS), which
is a sensitivity to negative stimuli inhibiting behavior to pro-
tect individuals from negative or painful outcomes (Carver
& White, 1994), was not significantly correlated with the
GM-BHQ, contradicting previous research which found pos-
itive correlations between a BIS-related measure and GMV
in the bilateral amygdala and the hippocampal formation
(Barrés-Loscertales et al., 2006a) and negative correlations
between the BIS and GMYV in the ventral striatum, the ven-
tral caudate and bilateral putamen/pallidum, hypothalamus,
and right anterior insula (Ide et al., 2020). This difference
indicates that the BIS may be associated with regional GMV
positively and negatively, but not with whole-brain GMV
by canceling these correlations with each other. Likewise,
the Self-Control Scale (SCS), which measures the inhibition
of some undesirable behaviors and has to do with human
morals or discipline (Tangney et al. 2004), was not signifi-
cantly associated with the GM-BHQ. These differences are
essential to understanding the features of the GM-BHQ more
accurately. The ability to proceed with certain behavior
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(BAS) or to adjust certain behaviors (SMS) may be easily
attainable with a healthy brain, but the ability to withdraw
(BIS) or inhibit behaviors (SCS) may not be as easily attain-
able as they require judgments based on one’s experiences.

Our results are in line with the findings of previous
research, and at the same time offer new knowledge that the
condition of the whole brain, as measured by the GM-BHQ,
is positively related to BAS, SMS, and subscales of the IRI
(Fantasy and Empathic Concern), but not to BIS and SCS in
healthy people. These findings indicate that people who have
good whole-brain health, as measured by the GM-BHQ, tend
to have high motivation in areas including reward respon-
siveness and self-monitoring abilities together with inter-
personal reactivity without becoming anxious or negative.

Many studies have elucidated the roles of specific brain
regions by investigating their individual relationships with
scores of psychological tests. However, our research has
found a novel association between the brain volume derived
index and several psychological scales. This finding provides
a bridge for future research into clarifying what role the
condition of the brain plays in regards to individual perfor-
mance within society, in line with previous studies which
have shown links between brain age and mortality (Cole
et al., 2018) or positive—negative modes and brain connectiv-
ity (Smith et al., 2015).

There are three limitations to this study. First, the small
sample size may influence the generalizability of our results.
Second, measures of general cognitive performance to con-
trol for possible confounding effects of intelligence may
have improved the reliability of the regression, although the
authors confirmed no significant correlation between educa-
tional background and GM-BHQ (available upon request).
Third, other motivation and social psychological scales
unused in this research may have improved the interpret-
ability of the data. Further studies are needed to explore the
relationship between the GM-BHQ and more varied psy-
chological states, as measured through questionnaires, using
larger sample sizes to clarify in greater detail the mecha-
nisms which connect them. Confirming the validity of this
study, which shows the relationship between motivation and
empathy and the brain, can be expected to lead to the crea-
tion of new services using a simple brain measurement scale
such as GM-BHQ in the future.
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