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ABSTRACT
Fairness plays a very important driving role in the decision-making process of the human society and is also a basic
principle for human life. At present, people’s feelings of being treated fairly and the corresponding impacts on their
behaviours have received widespread attention from experts and scholars. Considering the individual differences,
by using the resting-state fMRI method, this paper investigates the correlation between the internal connections in
the brain regions and decision making behaviours related to the feeling of unfairness under the influences of
different educational statuses. According to the investigation results, compared with the proponents who receive
better education, the subjects were more likely to accept the unfair distribution proposed by those in poorer
educational statuses and give better ratings on the unfair distribution. When the proponents in better education
status proposed unfair distribution, there were negative correlations between the rejection rate and the functional
connectivity of the right mPFC and DLPFC and between the fairness score and the functional connectivity of the left
mPFC and the right thalamus. In the resting state, the functional connectivity between the mPFC and the thalamus
and DLPFC can help predict individuals’ different decision-making processes on the feeling of unfairness.
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Introduction
Fairness generally means that any group or
individual can be treated impartially in all aspects
of social activities like give and take. It plays an
important driving role in the decision-making
process of the human society and is also a basic
principle for human life (Wadsworth and Kana,
2011; Kaiser et al., 2016; Geerligs et al., 2014). In
recent years, experts from various disciplines
such as pedagogy, psychology, and sociology have
begun to pay attention to human beings’ feelings
of being fairly treated and the corresponding
impacts on their behaviours (Farhat, 2007;
Snyder and Enna, 1977). Previously, when
studying the utility theory of pedagogy, experts
generally believed that in terms of educational
decision making, people tended to be rational,
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and thus they ignored the influences of subjective
feelings such as the sense of unfairness on
education, and came to the conclusion that in any
case, people would choose to maximize their
benefits (Tangpong et al., 2007; Mills et al., 2010).
However, in real life, people do not show a
“completely rational” state in educational
decision-making and are even willing to
safeguard fairness at the expense of their own
interests in (Lichtneckert and Reichert, 2005;
Nakagawa et al., 2011). In this context, a large
number of scholars began to study subjective
feelings of unfairness and the corresponding
decision-making
behaviours
from
the
perspectives of behaviouristics and neuroscience
(Annunziata, 2003; Aleshin et al., 1998; Pappius,
1991).
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Scholars began to use the functional
magnetic resonance imaging (fMRI) technology
when studying the underlying neural mechanisms
for the decision-making behaviours related to the
sense of unfairness (Maki and Dumas, 2009;
Dejda et al., 2011; Qiu et al., 2006). Studies have
found that, for the respondents, the activated key
brain regions include anterior insula (AI),
dorsolateral prefrontal cortex (DLPFC) and
anterior cingulate cortex (ACC) when they receive
unfair distribution, which are different from those
activated when fair distribution is given. These
brain regions form the key brain network for
making decisions about unfairness (Johnston and
Silverstein, 1985; Naskar et al., 2010).
Through research, it is found that the
educational status of the counterparts of the
actors also plays an adjusting role in the
educational decision-making process. In a UG
task, proponents tend to allocate more amount of
money to the respondents in poorer educational
status than those in better educational status.
With the age growing, children will also consider
others’ educational status when they allocate
resources - if there are affluent opponents,
everyone will tend to allocate more resources to
the poorer ones. This shows that the
counterpart’s educational status is one of the
factors under consideration in the resource
allocation process.
However, currently a large number of
studies focus on the impacts of the respondents’
educational status on the distribution proposed
by proponents, and do not pay attention to the
impacts of the proponents’ educational status on
the respondents in their decision-making process
(Andersson and Eriksson, 1971). Studies have
shown that people who have higher educational
and social status receive more resources, while
those in lower educational and social status are
more likely to have pro-social behaviours and
participate in more volunteer service activities.
Therefore, in the UG task, people expect that the
proponents in higher educational and social
status will allocate more resources, and if such
proponents do not give fair distribution, the
respondents will feel a great psychological
discrepancy and generate a strong emotional
response and will probably reject the unfair
distribution given by the proponents in better
educational status.
With the aid of functional magnetic
resonance imaging (fMRI), this paper studies the
brain mechanism for the decision-making
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behaviours related to the sense of unfairness
under the influence of educational status, in the
hope of exploring the effects of the proponents in
different educational statuses on the respondents’
response. This is of great significance to
understanding the internal mechanism and
cognitive process of problem solving.
Methods
Basic information on the subjects
The subjects participated in the experiment
voluntarily. They learned about relevant
information on the experiment and signed the
informed consent form. All of them were students
studying at colleges and universities, righthanded, with normal or corrected vision. No
mental problem was found. The data were
screened and statistically analyzed to ensure their
validity.
Experimental materials
In the experiment, 72 commonly used Chinese
names were presented in abbreviations. For
example, “Wang Wei” was abbreviated as “Wang
W.”. These abbreviations were the names of the
proponents, displayed on the screen during the
experiment. The educational statuses were
randomly distributed to all the names. Some were
good and some were poor. This means there were
36 abbreviated names under each educational
status. 12 names gave fair distributions and the
other 24 gave unfair distributions.
Experimental procedure
The subjects were first scanned through the
resting-state fMRI, and then participated in the
experiment outside the instrument. The
experimental content of behaviouristics is
consistent with the research content.
fMRI data acquisition
The brain data of the subjects were collected with
the Siemens 3T magnetic resonance imaging
system (Magnetom TrioT1M). The author first
scanned the positioning image, and then used the
T1 weighted imaging scan technology to obtain
the structural image data, collected the data
through MPRAGE, and finally performed the
resting-state fMRI data scan (using the gradient
EPI). The specific sequence parameters are shown
in Table 1.
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Table 1. Sequence parameters
Type
TI(ms)
TE(ms)
TR(ms)
Scan layer number
layer thickness(mm)
FOV(mm)
Matrix size

should be less than 0.001, and the cluster level
threshold should be less than 0.05.
The author used the statistical analysis
tool SPSS to analyze the correlations between the
behavioural
results
and
the
functional
connectivity coefficient. If p<0.05, it can be
considered that the two are significantly
correlated. The behavioural results studied in this
paper are the fairness scores given and the
Data analysis
rejection rate of unfair distribution by
This paper uses the DPARSFA toolkit in the respondents for proponents in different
environment to perform the pre-processing and educational statuses.
statistical analysis of resting-state brain data.
The experiment needs pre-processing, Results
which mainly consists of the following steps:
Behavioural results
(1). Remove the first 4 whole brain maps It is assumed that for proposed fair distribution,
to eliminate the effects caused by the instability of the rejection rate of the subjects should be 0%
the instruments in the beginning;
and the fairness score should be full mark. For
(2). Correct the time layer to reduce the proposed unfair distribution, if the proponents’
differences between layer scan time;
education statuses are different, the rejection
(3). Correct the head movement so that rates and scores given by the subjects should be
each image will align with the first image. If the different. Through t-test analysis, the results were
subject is translated for more than 1.5mm or obtained, as shown in Figure 1 - t(29) was greater
rotates for greater than 1.5°, the head movement than 12.54, and p was less than 0.01. It shows that
of the subject will be deemed as too large and the in the case of unfair distribution, the rejection
data need to be screened;
rate by the subjects with respect to proponents in
(4). Register the structural images;
poorer educational status was significantly lower
(5). Divide the registered high-definition than that with respect to those in better
structural image and normalize it to the MNI educational status. In addition, the results in
space;
Figure 2 show that t(29) was greater than 8.23
(6). Spatially normalize the functional and that p was less than 0.01. This shows that the
image and recollect samples through voxels;
subjects gave significantly higher fairness scores
(7). Eliminate the impacts of linear drift;
to the proponents in poorer educational status
(8). Eliminate the components beyond the than those in better educational status.
frequency range of 0.01 to 0.08 Hz (band-pass
filtering);
(9). Eliminate the impacts of covariate
factors (white matter, head movement and
cerebrospinal fluid);
(10). Spatial smoothing (Gaussian kernel).
According to existing studies, with the
centre of the circle set with the MNI coordinates
of the right thalamus and DLPFC, and the radius
set to 6mm, the author constructed spherical seed
points. For all voxels and seed points of the brain,
the author carried out calculations based on the
functional connections between the two,
performed Fisher-Z transform, and finally
obtained the brain functional connection diagram.
Then the author performed regression analysis on
the behavioural data and functional connectivity.
If the thresholds for the voxel level and the cluster Figure 1. Comparison of rejection rates in case of unfair
distribution
level are less than the brain region activation
level, it indicates that the activation of brain
regions is obvious. The voxel level threshold
eISSN 1303-5150

MPRAGE
1100
2.34
2530
192
1
256
256*256

EPI
-30
2000
33
4
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Figure 2. Comparison of fairness scores in case of unfair
distribution

Figure 4. Correlation between the functional connectivity of
the brain regions and the fairness score of unfair distribution

Discussion
Through correlation analysis on the rejection rate
of unfair distribution and the functional
connectivity of brain regions, it can be found that
where the proponents with good educational
status make unfair distribution proposals, if the
functional connectivity between the DLPFC and
mPFC of an individual is strong, the individual is
very likely to accept the unfair distribution.
According to existing studies, people would
combine information on their own activities, the
obligations of each other and the consequences,
and tend to choose the way that best suits their
circumstances. This has a certain correlation with
DLPFC. Distinguishing the intentions and
purposes of others has some correlation with the
function of the mPFC. Because of this, if an
individual has a strong functional connectivity
between DLPFC and mPFC, such individual can
better combine his/her own situation with the
purposes of others and better understand the
unfair distribution. As a result, the individual will
be not so resistant to unfair distribution, and that
is why the rejection rate is reduced.
Through correlation analysis on the
fairness score of unfair distribution and the
functional connectivity of brain regions, it can be
found that where the proponents with good
educational status make unfair distribution
proposals, there was a certain negative
correlation between the left mPFC and the right
thalamus and the fairness score. If the
connectivity between the left mPFC and the right
thalamus is strong, the individual will have a
stronger feeling of unfairness about the unfair
distribution proposed by proponents in good
Figure 3. Correlation between the functional connectivity of educational status. According to existing studies,
the brain regions and the rejection rate of unfair distribution social emotional stimulus can adjust the
activation of the thalamus to a certain extent. To a

Brain data results
According to the results of Figure 3, there was a
certain correlation between the rejection rate of
unfair distribution and the functional connectivity
of brain regions. Specifically, for proponents in
good educational status, the rejection rate was
negatively correlated with the functional
connectivity of the right mPFC and DLPFC.
However, for the proponents in poorer
educational status, there was no significant
correlation between the two.
For unfair distribution, there was also a
certain correlation between the fairness score and
the functional connectivity of brain regions.
Specifically, for proponents in good educational
status, the fairness score was negatively
correlated with the functional connectivity of the
left mPFC and the right thalamus, as shown in
Figure 4. However, for the proponents in poorer
educational status, there was no obvious
correlation between the two, either.
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person with high social and educational status,
people will have stronger emotional responses.
Therefore, people generally have stronger
negative emotions towards the distribution
proposed by persons in better educational status.
At the same time, distinguishing the intentions
and purposes of others has some correlation with
the function of the mPFC. Because of this, if an
individual has a strong functional connectivity
between the mPFC and the thalamus, such
individual will have a strong negative feeling
when understanding the purposes of others,
especially the proponents in better educational
status.
Conclusions
Considering the individual differences, by using
the resting-state fMRI method, this paper
investigates the correlation between the internal
connections in the brain regions and decision
making behaviours related to the feeling of
unfairness under the influences of different
educational
statuses.
According
to
the
investigation results, compared with the
proponents who receive better education, the
subjects were more likely to accept the unfair
distribution proposed by those in poorer
educational statuses and give better ratings on
the unfair distribution. When the proponents in
better education status proposed unfair
distribution, there were negative correlations
between the rejection rate and the functional
connectivity of the right mPFC and DLPFC and
between the fairness score and the functional
connectivity of the left mPFC and the right
thalamus. In the resting state, the functional
connectivity between the mPFC and the thalamus
and DLPFC can help predict individuals’ different
decision-making processes on the feeling of
unfairness.
Acknowledgments
This research was supported by the National
Basic Research Program of China (973 Program,
2011CB707502/3); The National Natural Science
Foundation of China (31471081, 91120304), and
the Key Project in Hebei Province Department of
Education (ZD2015044).
References
Aleshin AE, Zeng C, Bourenkov GP, Bartunik HD, Fromm HJ,
Honzatko RB. The mechanism of regulation of
hexokinase: new insights from the crystal structure of
recombinant human brain hexokinase complexed with

eISSN 1303-5150

glucose and glucose-6-phosphate. Structure 1998; 6(1):
39- 50.
Andersson B, Eriksson L. Conjoint action of sodium and
angiotensin on brain mechanisms controlling water and
salt balances. Acta Physiologica 1971; 81(1): 18-29.
Annunziata P. Blood-brain barrier changes during invasion of
the central nervous system by hiv-1. old and new insights
into the mechanism. Journal of Neurology 2003; 250(8):
901-06.
Dejda A, Seaborn T, Bourgault S, Touzani O, Fournier A,
Vaudry H. Pacap and a novel stable analog protect rat
brain from ischemia: insight into the mechanisms of
action. Peptides 2011; 32(6): 1207-16.
Farhat NH. Corticonic models of brain mechanisms
underlying cognition and intelligence. Physics of Life
Reviews 2007; 4(4): 223-52.
Geerligs L, Saliasi E, Maurits NM, Renken RJ, Lorist MM. Brain
mechanisms underlying the effects of aging on different
aspects of selective attention. Neuroimage 2014; 91(2):
52-62.
Johnston MV, Silverstein FS. New insights into mechanisms of
neuronal damage in the developing brain. Pediatric
Neurosurgery 1995; 12(2): 87-89.
Kaiser MD, Yang DYJ, Voos AC, Bennett RH, Gordon I,
Pretzsch C. Brain mechanisms for processing affective
(and nonaffective) touch are atypical in autism. Cerebral
Cortex 2016; 26(6): 2705-14.
Lichtneckert R, Reichert H. Insights into the urbilaterian
brain: conserved genetic patterning mechanisms in insect
and vertebrate brain development. Heredity 2005; 94(5):
465-77.
Maki PM, Dumas J. Mechanisms of action of estrogen in the
brain: insights from human neuroimaging and
psychopharmacologic studies. Seminars in Reproductive
Medicine 2009; 27(3): 250-59.
Mills E, Dong XP, Wang F, Xu H. Mechanisms of brain iron
transport: insight into neurodegeneration and CNS
disorders. Future Medicinal Chemistry 2010; 2(1): 51-64.
Nakagawa A, Manley GT, Gean AD, Ohtani K, Armonda R,
Tsukamoto A. Mechanisms of primary blast-induced
traumatic brain injury: insights from shock-wave
research. Journal of Neurotrauma 2011; 28(6): 1101-19.
Naskar S, Sood SK, Goyal V, Dhara M. Retracted: Mechanism
(s) of deep brain stimulation and insights into cognitive
outcomes in Parkinson's disease. Brain Research Reviews
2010; 65(1):1-3.
Pappius HM. Brain injury: new insights into neurotransmitter
and receptor mechanisms. Neurochemical Research
1991; 16(9): 941-49.
Qiu J, Li H, Luo Y, Chen A, Zhang F, Zhang J. Brain mechanism
of cognitive conflict in a guessing Chinese logogriph task.
Neuroreport 2006; 17(6): 679-82.
Snyder SH, Enna SJ, Young AB. Brain mechanisms associated
with therapeutic actions of benzodiazepines: focus on
neurotransmitters. American Journal of Psychiatry 1977;
134(6): 662-65.
Tangpong J, Cole MP, Sultana R, Estus S, Vore M, St CW.
Adriamycin-mediated nitration of manganese superoxide
dismutase in the central nervous system: insight into the
mechanism of chemobrain. Journal of Neurochemistry
2007; 100(1): 191-201.
Wadsworth HM, Kana RK. Brain mechanisms of perceiving
tools and imagining tool use acts: a functional MRI study.
Neuropsychologia 2011; 49(7): 1863-69.

www.neuroquantology.com

286

