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Abstract

Consumer ethnocentrism tendency (CET) refers to consumers’ belief about the
appropriateness and morality of buying foreign products, and this concept
characterizes consumers’ tendency to differentiate in-group and out-group
commercial products and to avoid imported products for nationalistic reasons. In
order to identify the neural correlates of individual differences in CET, we conducted
a combined voxel-based morphometry (VBM) and resting-state fMRI study with 228
healthy adults from mainland China, and examined the associations between self-
reported CET scores and gray matter volume (GMV), as well as fractional amplitude
of low-frequency fluctuations (fALFF). The VBM and fALFF results consistently
associated consumer ethnocentrism with the middle temporal gyrus, and the fALFF
results further revealed the roles of the anterior cingulate gyrus and anterior insula in
CET. Collectively, these findings provide converging evidence about the neural

correlates for dispositional attitudes toward domestic and foreign products.
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1 Introduction

With the advent of globalization and intense competition, it has become
increasingly important to assess and understand consumers’ attitude and preference
toward domestic- and foreign-made commercial products. Consumers may hold a
different belief about the appropriateness and morality of buying foreign products,
and highly ethnocentric consumers consider the act of purchasing foreign-made
products as an inappropriate and unpatriotic behavior [1]. Such attitudes are toward
foreign-made products in general, which is different from boycotting purchasing
products from a certain country [2].

Generally speaking, ethnocentrism refers to an individual’s tendency to judge
other people based on one’s own group’s values and standard, to view one’s own
group as superior, and to reject culturally dissimilar ideas [3]. Highly ethnocentric
individuals take pride in the symbols and values of their ethnic or national groups
while holding other groups’ symbols and values in contempt [4]. The emergence and
existence of ethnocentrism can be attributed to social identity processes, genetic
similarity, kin recognition, and/or collectivism/individualism [5]. Numerous studies
have demonstrated that people act more prosocially toward members of their own

group than to those outside their group [6].

In order to assess consumers’ attitudes toward commercial products, Shim and
Sharma [1] derived a domain-specific concept from the general concept of
ethnocentrism. The term of consumer ethnocentrism tendency (CET) was first used to

refer to North American consumers’ belief about the appropriateness and morality of



buying foreign-made commercial products [1], and then generalized to a range of
populations [7], including China [8]. Importantly, CET characterizes consumers’
tendency to differentiate in-group and out-group commercial products and to avoid
foreign products for nationalistic reasons [9]. For instance, highly ethnocentric
consumers may consider purchasing imported products as being a wrongful behavior

that can harm the domestic economy.

Recently, a meta-analysis of 60 studies with a total of more than fifteen thousand
participants revealed a positive influence of CET on the evaluations of, and
willingness to purchase, domestic products, as well as a negative influence of CET on
the evaluation of foreign products [10]. Similar to many attitude constructs, CET is
often accompanied with affinity for domestic products and aversion toward foreign
products, cognitive bias in favor of domestic products’ importance and superiority,

and behavioral preference for domestic products over imported products [11].

Previous studies have examined the antecedents of CET [12]. Specifically, some
studies have revealed the positive correlations between CET and collectivism [9, 13].
Collectivism (as contrasted to individualism) refers to cultural values about how
people construe themselves and their relation to the surrounding world [14].
Collectivists consider people as interconnected to each other, whereas individualists
consider people as independent of each other [15]. Therefore, people from
collectivistic cultures tend to be more ingroup-oriented and perceive more differences
between in-group and out-group members than those from individualistic cultures

[16]. People who endorse collectivistic values would consider the influence of their



actions on the group or society more, and show greater ethnocentric tendency than

those who endorse individualistic values [9].

Numerous studies have documented different responses of human brains to in-
group and out-group people [17]. For example, a range of neural correlates are
involved in the social categorization, action perception, empathy, and face perception
of in-group members [18], including the medial prefrontal cortex, anterior insula, and
anterior cingulate cortex [19, 20]. However, very few studies have examined the
neural basis of different responses to domestic and foreign products. In a recent fMRI
study, when the participants were looking at photos of domestic products and
considering purchases, their CET level was positively correlated with the activation in
certain brain areas such as the medial prefrontal cortex, middle temporal gyrus, and so
on [21].

Considering that a combination of task-based fMRI, resting-state fMRI, and
structural MRI studies can provide multi-modal evidence for the same variable of
interest [22, 23], we conducted a combined voxel-based morphometry (VBM) and
resting-state fMRI study to examine the structural and functional substrates for
individual differences in CET. Using an automated user-independent voxel-wise
approach, the VBM analyses allow us to associate individual differences in
dispositional attitude or tendency to the gray matter volume (GMV) within certain
brain areas [24, 25]. Using indicators such as the fractional amplitude of low-
frequency fluctuation (fALFF) [26, 27], previous resting-state fMRI studies have also

associated individual differences in empathy and pride to spontaneous neuronal



activity at rest [28, 29]. Similarly, both the VBM and fALFF analyses can be used to
investigate the individual differences in CET. Based on the previously documented
prefrontal control of ethnocentrism [5] and the findings of the task-based fMRI study
of CET [21], it seems reasonable to expect some associations between individual
differences in CET and medial prefrontal cortex and/or middle temporal gyrus in the

present study.

2. Materials and methods
2.1. Participants

A total of 228 healthy Chinese adults (mean age = 23.8 + 3.4 years; ranging from
18 to 37 years; 115 women and 113 men) were recruited from the participants pool of
the Psychology Department of Tsinghua University. This study was approved by the
Human Research Ethics Committee of Center for Biomedical Imaging Research at
Tsinghua University. All participants gave written informed consent before the study

started, and received 100 Chinese Yuan for their participation.

2.2. Assessment of consumer ethnocentrism

Consumer ethnocentrism was measured using the Chinese version [30] of CET
scale developed by Shimp and Sharma [1] for North American participants. In the
Chinese version, nationality-related expressions such as Chinese and China replaced
American and the USA, respectively, in the original version of the CET. The

participants were asked to rate the extent to which they agree or disagree with each



item on a 7-point Likert scale that ranges from “strongly disagree” to “strongly
agree.” Each participant’s responses of the 17 items were summed to obtain the total
CET score which can range from 17 to 119, with larger scores indicating a greater
ethnocentrism tendency. The CET scale is shown to be reliable in this study,

Cronbach’s o = 0.922.

2.3. Structural MRI and resting-state fMRI data acquisition

Both structural MRI and resting-state fMRI scanning were performed at the
Center for Biomedical Imaging Research of Tsinghua University, using a Philips

Achieva 3.0T TX system with a standard 8-channel head coil.

As for structural MRI data acquisition, high-resolution T1-weighted anatomical
images were acquired with 160 contiguous sagittal slices (thickness = 1 mm, and flip
angle = 8°). The sensitivity encoding (SENSE) parallel-imaging technique was
employed to reduce scan time [31]. The SENSE acceleration factor was set to be 2 for
the anterior-posterior direction, and set to be 1.5 for the right-left direction. Repetition
time was set to be 8.2 ms, and echo time was set to be 3.8 ms. The acquisition matrix
was 256 voxels X 256 voxels x 160 voxels, and the voxel size was 0.938 mm x 0.938

mm X 1 mm.

During resting-state fMRI scanning, all participants were instructed to stay
awake with their eyes closed, and to keep their bodies physically still without thinking
about anything in particular. The scanning consisted of 221 contiguous EPI volumes

with the following scanning parameters: TE = 35 ms; TR = 2300 ms; number of slices



= 37; flip angle = 90°; FOV = 240x240 mm?; thickness = 2.5 mm; gap = 0.95 mm;
acquisition voxel size = 2.5x2.5x2.5 mm?®. The total duration of the resting-state scan

was 508 s.

2.4. Structural MRI data preprocessing and VBM analyses

The preprocessing of the structural MRI data was conducted via the MATLAB
R2013b software (Mathworks, USA) installed with SPM8 (Wellcome Trust Centre for
Neuroimaging, UK). After each image had been displayed in SPM8 to screen for
artifacts or gross anatomical abnormalities, T1-weighted anatomical registration was
performed through Exponentiated Lie (DARTEL) algebra for registration,
normalization, and modulation [32]. All T1 images were segmented into gray matter,
white matter, and cerebrospinal fluid. Grey matter images were rigidly aligned and
resampled to 1.5 x 1.5 x 1.5 mm® and normalized to a template in MNI space. After
that, we also smoothed the modulated gray matter images using an 8-mm full-width

half-maximum Gaussian kernel to reduce spatial noise.

In order to investigate the neuroanatomical correlates of individual differences in
consumer ethnocentrism tendency, we then performed a linear regression analysis on
the participants’ CET scores, with age, gender, and total intracranial volume as
covariates. Based on Eklund et al.’s [33] suggestion, we assessed statistical
significance at the cluster-level using the non-stationary random field theory [34].
Specifically, statistical maps were assessed at an uncorrected threshold of p < 0.001,

and clusters were considered as significant if they passed a cluster-level threshold of p



< 0.05 after non-stationary cluster-level FWE correction.

2.5. Resting-state fMRI data preprocessing and fALFF Analyses

The preprocessing of the resting-state functional MRI data preprocessing was
performed using the DPABI software [35] on the MATLAB R2018 platform. We
discarded the first 10 volumes for signal equilibrium, whereas the rest of the volumes
were corrected for differences in slice-acquisition timing and spatially realigned to
correct for head motion. All participants’ head motions were smaller than 2 mm in
translation, 2° in rotation, and 0.2 mm in frame-wise displacement (FD) throughout
the resting-state scanning. We regressed out the head movement, white matted signals,
cerebrospinal fluid signals, and linear drift as nuisance parameters. Then the images
were spatially normalized to the standard Montreal Neurological Institute (MNI)
space (voxel size: 3 x 3 x 3 mm?®), and smoothed via a Gaussian kernel of 8-mm full

width at half maximum (FWHM).

Similar to Fujino et al.’s [36] and Takeuchi et al.’s [37] studies, we conducted
the calculation of fALFF using the DPABI software. The fALFF parameter represents
the ratio of the power within the low-frequency range (0.01 - 0.10 Hz) to the power of
the entire frequency band (0 - 0.25 Hz) [27]. The fALFF maps were registered to the
MNI 152 space, and individual fALFF maps were normalized to Z-maps for

standardization purposes.

In order to find the brain regions whose fALFF values were significantly

correlated to individual differences in CET, we performed a whole-brain analysis on



the fALFF values using a general linear model (GLM) with the participants’ CET
scores being the covariates of interest while age and gender being the confounding
covariates. Statistical maps were assessed at an uncorrected threshold of p < 0.001,
and clusters were considered as being significant if they passed a cluster-level

threshold of p < 0.05 after Gaussian random field (GRF) correction.

3. Results

First, descriptive analyses showed that the participants’ CET scores are normally
distributed (skewness = 0.38, kurtosis = -0.48), with a scoring range of 17 to 77, (M =
39.67, SD = 14.43). An independent-samples t test revealed that the male participants
(M =42.11, SD = 15.00) scored significantly higher than the female participants (M =

37.27,SD =13.49), t (226) = 2.56, p = 0.011, Cohen’s d = 0.34.

Second, the whole-brain VBM analysis revealed significant positive correlations
between the participants’ CET scores and the GMYV in the right middle temporal gyrus
(peak MNI coordinates [59, 6, -29], t = 4.09, k = 156, p = 0.03), as well as the GMV
in the left middle frontal gyrus (peak MNI coordinates [-36, 12, 41], t = 4.18, k = 143,
p = 0.051), after non-stationary cluster-level FWE correction. As shown in Figure 1,
the partial correlation analyses revealed that the participants’ CET scores were
positively with the GMYV in the right middle temporal gyrus, r = 0.27, p < 0.001, and

the GMV in the left middle frontal gyrus, r = 0.30, p < 0.001,
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Figure 1. The participants’ CET scores were positively correlated with the GMV in
the right middle temporal gyrus (MTG; upper panel) and that in the left middle frontal

gyrus (MFG; lower panel). Note that *** denotes p <.001.

Third, the whole-brain analysis on the fALFF parameters revealed significant
positive correlations between the participants’ CET scores and the fALFF in the left
middle temporal gyrus (peak MNI coordinates [-57, -12, -33], t = 4.44, k = 25), the
left anterior cingulate gyrus (peak MNI coordinates [-6, 27, -15], t = 3.54, k = 10), and
the left anterior insula (peak MNI coordinates [-33, 9, 18], t = 3.93, k = 36), after GRF
correction. As shown in Figure 2, the participants’ CET scores were positively

correlated with the fALFF in the left middle temporal gyrus, r = 0.28, p < 0.001, the
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fALFF in the left anterior cingulate gyrus, r = 0.19, p = 0.004, and the fALFF in the

left anterior insula, r = 0.22, p = 0.001.
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Figure 2. The fALFF values of three regions were positively correlated with the
participants’ CET scores, including the left middle temporal gyrus (MTG; upper
panel), the left anterior cingulate gyrus (ACC; middle panel), and the left anterior

insula (lower panel). Note that ** denotes p < .01, and *** denotes p < .001.

4. Discussion
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In summary, three major results emerged from the present study. First, the results
of our VBM analyses revealed positive correlations between the participants’ CET
scores and the GMYV in the right middle temporal gyrus and the left middle frontal
gyrus. Previous research has demonstrated the prefrontal control of ethnocentrism in
general [5], and a recent fMRI study has associated consumer ethnocentrism to
activation in the medial prefrontal cortex and middle temporal gyrus [21]. Even
though our results do not reveal any significant correlations between individual
differences in CET and medial prefrontal cortex, our findings do provide converging
multi-modal evidence regarding the association between the middle temporal gyrus
and consumer ethnocentrism. Considering the positive associations between
collectivism and consumer ethnocentrism [9, 13], our findings are in line with the
literature that associated collectivism to the middle temporal gyrus [38] and the
middle frontal gyrus [39]. A greater volume of gray matter within a certain brain area
often implies better computational efficacy and stronger processing ability [40].
Therefore, our findings suggest that the middle temporal gyrus and the middle frontal
gyrus may be involved in the neural substrates of consumer ethnocentrism due to their

associations with collectivism.

Second, the results of our fALFF analyses associated consumer ethnocentrism to
the left middle temporal gyrus, the left anterior cingulate gyrus, and the left anterior
insula. The fALFF results of the left middle temporal gyrus are in line with the VBM
results of the right middle temporal gyrus, and consistently link the middle temporal

gyrus to consumer ethnocentrism [21]. Moreover, the fALFF results of the anterior

13



cingulate gyrus are in line with Volz et al.’s [19] findings that greater activation
within the anterior cingulate cortex was observed when participant showed in-group
favoritism. As an index of spontaneous signal fluctuations, a higher value of fALFF
indicates stronger associations with the BOLD signal [41] and regional metabolic rate
[42]. Thus, the positive correlations between the fALFF value of the left anterior
cingulate gyrus and the participants’ CET scores suggest that a higher level of
ethnocentrism may be associated with the more excitatory intrinsic activity in this
brain region. Furthermore, previous research on intergroup empathy has also
identified the role of anterior insula when the participants showed preferential neural
responses when perceiving the pain of in-group members compared to out-group
members [20]. Therefore, the anterior insula may be involved in the neural substrates
of consumer ethnocentrism due to its role in emotion-related processing related to in-
group bias.

Third, our psychometric data suggest that Chinese consumers’ ethnocentrism
tendency varies from one individual to another (ranging from 17 to 77 points on a 17-
item 7-point scale). In addition to individual differences, our results also revealed a
significant gender difference with male participants scoring higher than females. It
should be noted that there has been mixed evidence about the gender difference in
CET [13]. For example, one study has shown that women were more ethnocentric
than men based on the data collected in Korea [9]; whereas another study has
suggested that men were more ethnocentric than women based on the data collected in

the UK [43]. Collectively, these results suggest that gender difference in consumer
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ethnocentrism may not be universal across cultures, and such cross-cultural
differences in the gender differences in CET cannot be simply attributed to the
differentiation between Eastern and Western, or between collectivist and

individualistic cultures.

As with any study, there are also certain limitations in the present study as far as
interpretation and generalization are concerned. First, we only tested participants from
mainland China, whereas previous research has documented come cross-cultural
differences in consumer ethnocentrism [44, 45]. Therefore, cautions are called for if
one tries to generalize our results with Chinese participants directly to other
populations. Second, we only used self-reported scale to measure the participants’
ethnocentrism tendency in the present study, but it will be very interesting to associate
participants’ ratings of, and willingness to purchase domestic and foreign products
with brain structural differences and/or spontaneous neuronal activity in future

research.

In conclusion, the findings of the present study associate individual differences in
consumer ethnocentrism tendency to several brain areas that have been linked to
collectivism and in-group favoritism in previous research. The results of our VBM
analyses associated individual differences in consumers’ attitude toward domestic and
foreign products with structural variations within the middle frontal gyrus and the
middle temporal gyrus. The results of our fALFF analyses associated different
attitudes toward domestic and foreign products to the spontaneous brain activity in the

middle temporal gyrus, anterior cingulate gyrus, and anterior insula at rest.
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Collectively, these findings provide converging evidence about the neural correlates
for dispositional attitudes. Considering that consumer ethnocentrism can result in the
sense of identity and a feeling of belongings [1], our findings may also provide some

insight into the neural substrate of social perception in general.
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