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Abstract

Extant research has proposed that the Object-Spatial-Verbal cognitive style can elucidate individual differences 

in the preference for modality-specific information. However, no studies have yet ascertained whether this type of 

information processing evinces structural correlations in the brain. Therefore, the current study used voxel-based 

morphometry (VBM) analyses to investigate individual differences in gray matter volumes based on the 

Object-Spatial-Verbal cognitive style. For this purpose, ninety healthy young adults were recruited to participate in 

the study. They were administered the Korean version of the Object-Spatial-Verbal cognitive style questionnaire, 

and their anatomical brain images were scanned. The VBM results demonstrated that the participants’ verbal scores 

were positively correlated with regional gray matter volumes (rGMVs) in the right superior temporal sulcus/superior 

temporal gyrus, the bilateral parahippocampal gyrus/fusiform gyrus, and the left inferior temporal gyrus. In addition, 

the rGMVs in these regions were negatively correlated with the relative spatial preference scores obtained by 

individual participants. The findings of the investigation provide anatomical evidence that the verbal cognitive style 

could be decidedly relevant to higher-level language processing, but not to basic language processing.

Key words: Cognitive Style, Superior Temporal Gyrus, Regional Gray Matter Volumes, Voxel-Based 

Morphometry, Higher-Level Language Processing

1. Introduction1)

Cognitive style is defined as a preference, attitude, 

or habitual strategy related to how an individual 

processes environmental information (Messick, 1976). 

One of the frequently used cognitive styles is the 

visual-verbal dimension (e.g., Pavio, 1971) that 

proposes the importance of preferences in Visual 

versus Verbal dimensions in information processing. 

However, based on considerable neuroscientific 

findings that visual processing is divided into object 

and spatial dimensions (e.g., Farah, Hammond, Levine, 

& Calvanio, 1988), the Object-Spatial-Verbal dimension 

of cognitive style (Blazhenkova & Kozhevnikov, 2009) 

has been relatively recently proposed. According to this 

model, object style is characterized by a preference for 

colorful and pictorial information processing, whereas 

spatial style is defined as a preference for information 
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related to location and spatial relationships. Meanwhile, 

verbal style is characterized by a preference for verbal 

processing. 

Meanwhile, there is an increasing body of evidence 

for neural plasticity, as structural changes (e.g., 

training-induced gray matter increases) have been 

observed after programmed learning periods (e.g., 

Draganski et al., 2004). Moreover, according to 

neuroanatomical studies comparing amateurs with 

experts in their own fields, experts have larger gray 

matter volumes in expertise-relevant areas than 

non-experts and the size of these areas was positively 

correlated with the amount of experience in their field 

(e.g., Gaser & Schlaug, 2003). 

Increased gray matter volumes are reflective of the 

growth of synapses with age and/or learning (Giedd et 

al., 1999). Considering the fact that cognitive style is 

reflective of individuals’ habitual cognitive processes, 

it is expected that there might be individuals’ structural 

differences in the brain according to cognitive style. 

Namely, larger regional gray matter volumes (rGMVs) 

in the regions associated with certain types of cognitive 

style could be interpreted that more frequent use of the 

resources in those areas. Indeed, some recent studies 

have investigated individual structural differences 

according to the different dimensions of cognitive style 

(e.g., field dependence/independence, or systemizing/

empathizing) using voxel-based morphometry (VBM) 

(Lai et al., 2012; Sassa et al., 2012). 

Recently, a neuroimaging study provided a functional 

evidence that the cognitive control processing is 

associated with individuals’ preference of cognitive 

style by using the Object-Spatial-Verbal cognitive style 

(Shin & Kim, 2015). In this study, using a version of 

the color-word Stroop task, which requires resolution 

processing of the conflict between the color of the 

word (i.e., color component; target) and the meaning of 

the word (i.e., verbal component; distracter), they 

observed that participants who preferred to process 

verbal material (i.e., verbalizers) exhibited higher 

neural conflict adaptation in cognitive control regions 

(e.g., left dorsolateral prefrontal cortex, fusiform gyrus, 

and precuneus) than others. Based on these findings, 

they concluded that the preference for the component 

of distracter is related to neural activity during cognitive 

control processing and suggested that individual 

differences in cognitive control are partly accounted for 

by preference for cognitive style. Similarly, functional 

imaging studies suggested that cognitive style is 

associated with individual's top-down modulation for 

modality-specific cognitive processing (Kraemer, 

Hamilton, Messing, DeSantis, & Thompson-Schill, 

2014; Kraemer, Rosenberg, & Thompson-Schill, 2009).

However, it is still unknown whether the 

Object-Spatial-Verbal cognitive style is also related to 

anatomical differences in the brain although this 

cognitive style was characterized based on the 

neuroscientific evidence that visual processing is 

divided into object and spatial dimensions. Therefore, 

the current study sought to explore brain regions in 

which rGMVs correlated with cognitive style in the 

Object-Spatial-Verbal dimension using VBM analysis. 

In particular, we focused on rGMV because rGMV in 

certain brain region is closely associated with cognitive 

domains such as verbal and spatial abilities (Haier et 

al., 2004; Colom et al., 2009) and the Object-Spatial-

Verbal cognitive style was originally developed by 

domain specific cognitive processes (Blazhenkova & 

Kozhevnikov, 2009).

2. METHODS

2.1. Participants 

Ninety healthy young adult subjects (43 females and 

47 males) aged between 18 and 28 years (M = 22.28, 

SD = 2.54) participated in this study. All participants 
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provided written informed consent approved by the 

Brain Science Research Center at Korea Advanced 

Institute of Science and Technology (KAIST) in 

Daejeon, South Korea. None of the participants 

reported a history of neurological or psychiatric illness. 

2.2. Materials and procedure

The Korean version of the Object-Spatial-Verbal 

cognitive style questionnaire (OSIVQ: Blazhenkova & 

Kozhevnikov, 2009; Shin & Kim, 2013) was 

administered to measure individual preference for 

object, spatial, and verbal cognitive styles before 

scanning. For example, the statement, “I have difficulty 

expressing myself in writing,” was included in order to 

measure verbal preference. A total of 29 statements 

were included and each of them was presented as a 

5-point Likert scale. The scores for three different 

cognitive styles were calculated by averaging items 

assigned to those factors.

2.3. Imaging acquisition

Imaging data were acquired on a 3T Siemens Verio 

scanner at the fMRI Center at KAIST in Daejeon, 

South Korea. T1-weighted structural images were 

collected from all the subjects using magnetization- 

prepared rapid gradient-echo (MP-RAGE) sequences 

(repetition time (TR) = 1,800 ms; echo time (TE) = 

2.52 ms; inversion time (TI) = 1,100 ms; flip angle 

(FA) = 9°; field of view (FOV) = 256 × 256 mm; 

resolution = 1 mm; sagittal partitions).

2.4. VBM preprocessing and analysis

ImagingT1-weighted high-resolution structural image 

data were preprocessed and analyzed using the SPM8 

(Statistical Parametric Mapping; Wellcome Department 

of Cognitive Neurology, London, UK; http://www.fil.

ion.ucl.ac.uk/spm) on MATLAB (MathWorks, Natick, 

MA). 

First, using SPM8’s New Segment option, all 

subjects’ structural images were segmented into gray 

matter (GM), white matter (WM), and cerebral spinal 

fluid (CSF). Subsequently, these images were 

transformed into the template space created by 

integrating all the subjects’ T1 images and then 

normalized into the standard Montreal Neurological 

Institute (MNI) space using Diffeomorphic Anatomical 

Registration Through Exponentiated Lie algebra 

(DARTEL). Finally, the normalized GM images (1.5 

mm3 isotropic voxels) were spatially smoothed with an 

8 mm full-width-half-maximum (FWHM) Gaussian 

kernel to reduce inter-subject variability (Ashburner, 

2007). Additionally, an absolute threshold mask of 0.2 

was used to avoid any possible overlapping edge effect 

between the GM and WM.

Statistical analyses were conducted on the 

preprocessed GM images as follows, in order to 

identify brain regions associated with cognitive style: 

First, multiple regression analyses were conducted to 

identify the regions where rGMV was correlated with 

each of the OSIVQ scores (i.e., object, spatial and 

verbal scores) at the whole-brain level. Gender was 

added as a covariate of no interest in the model for 

each analysis. The statistical thresholds were set to p 

< 0.05 at the cluster level (with a threshold p < 0.001 

for the voxel level and a minimum cluster size of 294 

voxels) on the basis of AFNI’s AlphaSim Monte Carlo 

simulation(http://afni.nimh.nih.gov/afni/doc/manual/Alp

haSim).

Additionally, since spatial and verbal scores showed 

a negative correlation coefficient (see RESULTS), 

regions showing any relationship with verbal scores 

were also correlated with the relative preference scores 

for verbal and spatial styles as a form of follow-up 
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analyses. In order to explore whether relative 

preference scores (i.e., scores showing selective 

preference for a certain cognitive style) were related 

with rGMVs extracted from each ROIs, relative 

preference scores for verbal and spatial styles were 

first calculated and correlated with rGMVs extracted 

from each ROIs for individuals. For these analyses, the 

scores on each style were normalized by the Min-Max 

method, which results in that the range of original 

values from minimum to maximum are mapped to the 

range of 0 to 1. This procedure was conducted because 

participants’ scores on object, verbal, and spatial styles 

measured by OSIVQ were different in their means and 

ranges as shown in Table 1. Then these scores were 

submitted to calculate their relative preference scores 

on each style by subtracting the average of the other 

scores (e.g., for the relative verbal preference score, the 

verbal score was subtracted by the average of object 

and spatial scores).

3. RESULTS 

First, the scores measured by OSIVQ were analyzed 

(Table 1). The scores of the object (M = 2.59, SD = 

0.57), spatial (M = 3.03, SD = 0.91), and verbal 

cognitive styles (M = 3.50, SD = 0.64) were calculated 

by averaging measurements of the items assigned to 

those factors, and correlations between the scores were 

examined. The results showed that spatial and verbal 

scores were negatively correlated (r = −0.511, p < 

0.001), but object scores were not correlated with other 

cognitive style scores (Table 1). In order to calculate 

the relative preference on verbal style compared to 

Fig. 1. Regions showing significant correlation coefficients between regional gray matter volumes (rGMVs) and verbal scores. 
The cluster-level threshold was adjusted to p < 0.05 using the AlphaSim Monte Carlo simulation. Regions of positive correlation 
are overlaid onto the Montreal Neurological Institute (MNI) template: STS, superior temporal sulcus; Ph/Fg, parahippocampal/
fusiform gyrus; ITG, inferior temporal gyrus.

Table 1. Correlation between cognitive styles and descriptive statistics on the Object-Spatial-Verbal cognitive style questionnaire 
(OSIVQ; n = 90)

Verbal Spatial Object M SD Min Max

Verbal - 3.50 0.64 1.64 4.73

Spatial −.511** - 3.03 0.91 1.29 4.86

Object .010 −.087 - 2.59 0.57 1.45 4.82

** p<.01
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spatial style, the spatial scores were deducted from the 

verbal scores in individual data.

In order to identify rGMVs correlated with cognitive 

style scores, multiple regression analyses were 

separately conducted with each of the object, spatial 

and verbal scores, and gender as a nuisance variable. 

The results showed that four regions were positively 

correlated with verbal scores with a threshold of p < 

0.05 at a cluster-corrected level (cluster size > 294 

with a threshold of p < 0.001 at a voxel level) using 

the AlphaSim Monte Carlo simulation: right STS, 

bilateral Ph/Fg, and left ITG. Table 2 presents cluster 

details including their coordinates, statistics and sizes, 

Fig. 1 shows their anatomical locations, and the left 

panel of Fig. 2 shows scatter plots for these clusters. 

In contrast, no significant correlation between rGMV 

and spatial scores or between rGMV and object scores 

was found at the same statistical level. 

Since spatial preference is known to be negatively 

correlated with verbal preference (Blazhenkova & 

Kozhevnikov, 2009; Jeon & Han, 2003; Kraemer et al., 

2009) and the same relationship was found in the current 

study, rGMV values from the peak voxels of the four 

aforementioned regions were analyzed with the relative 

preference scores of spatial style. As shown in Fig. 2, 

individual relative spatial preference scores negatively 

correlated with rGMV values extracted from the right 

STS (r = −0.324, p = 0.002; the peak coordinate x = 

57, y = −33, z = −2), left Ph/Fg (r = −0.444, p < 

0.001; x = −22, y = −34, z = −6), right Ph/Fg (r = 

−0.325, p = 0.002; x = 38, y = −37, z = −12), and 

left ITG (r = −0.227, p = 0.032; x = −65, y = −24, 

z = −29). Note that the relationships between rGMVs 

and verbal scores are also presented in the left panel 

of Fig. 2 for the purpose of comparison between 

correlations of verbal and spatial scores with rGMV.

4. DISCUSSION

This study is the first attempt to reveal the 

relationship between rGMVs and an individual’s 

preference for a certain type of cognitive style using the 

Object-Spatial-Verbal dimension of cognitive style. The 

analysis of the preference scores for three different 

cognitive styles measured by the OSIVQ indicated that 

only verbal and spatial scores were correlated. This is 

in line with the previous studies showing a negative 

relationship between the two preference styles 

(Blazhenkova & Kozhevnikov, 2009; Shin & Kim, 2013; 

2015).

The VBM results showed that several cortical 

regions were correlated with verbal preference: as 

verbal scores increased, the gray matter volumes in the 

right STS, bilateral Ph/Fg, and left ITG also increased, 

whereas the rGMVs in the same regions were 

negatively correlated with relative spatial preference 

scores. Below we discuss these findings in detail and 

their implications suggesting that the structural 

differences in the above-reported regions are reflective 

of individual differences in language processes beyond 

the basic level.

Table 2. Brain regions showing significant positive correlations between regional gray matter volume (rGMV) and the verbal score 
(n = 90)

Region L/R
MNI coordinate

t-value Cluster size
X Y Z

Superior temporal sulcus R 57 -33 -2 5.40 2,020

Parahippocampal / fusiform gyri L -22 -34 -6 5.14 1,584

R 38 -37 -12 4.57 1,116

Inferior temporal gyrus L -62 -24 -29 4.48 560



70  Minyoung Hur․Chobok Kim

Fig. 2. Corelations between the regional gray matter volume (rGMV) values from the peak voxels of four regions showing 
significant relationship with the verbal scores, and the relative preference scores of verbal (left) and spatial cognitive style 
(right).
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First, we observed a positive correlation between 

verbal preference and rGMV in the right STS/STG. A 

number of studies have reported that right temporal 

regions have an indispensable role in verbal processing. 

For instance, this area is involved in higher-level 

linguistic processes such as sentence-level prosody 

(Friederici, 2011), semantic processing (Kuperberg et 

al., 2000), comprehension of sentence and context 

(Vigneau et al., 2011), metaphor comprehension 

(Ferstl, Neumann, Bogler, & Von Cramon, 2008), and 

so on. 

One might expect that verbal preference would be 

relevant to the rGMV in the left STS/STG (or 

Wernicke area), because this area is well-known for its 

engagement in fundamental language processing. 

However, in the current study, a relationship between 

verbal preference and rGMVs was found in the right 

STS/STG, not in the left site. Interestingly, the 

aforementioned roles of the right STS/STG suggest that 

the left STS/STG plays a primary role in verbal 

processing whereas the right STS/STG is engaged in 

higher-level language processing. 

In line with the functional role of the right STS/STG 

in language processing, a number of studies of patients 

with damage to the right temporal lobe reported that 

these patients had difficulties in lingual processing at a 

higher level (Vigneau et al., 2011), while patients with 

damage to the left temporal lobe exhibited impaired 

language processing at various levels (for review, see 

Johns, Tooley, & Traxler, 2008). In a recent study, 

Mason and colleagues (2014) demonstrated that the 

activation of the right Wernicke area increased as the 

structural complexity in sentences increased and 

suggested that this area plays a compensatory role in 

higher-level language processes. 

In keeping with the aforementioned findings, the 

current result indicates that verbal cognitive style is not 

relevant to individual differences in rGMVs of the left 

temporal areas, which plays an important role in 

rudimentary verbal/linguistic processing, but is closely 

related to those of right temporal areas, which is 

closely associated with supplementary verbal/linguistic 

processing. Thus, a potential hypothesis would be that 

an individual who prefers to process environmental 

information verbally, compared to a spatializer, would 

have continuously employed neural resources of the 

right temporal areas more often when a higher level of 

verbal processing (e.g., inferences and metaphors) was 

required, leading to the greater rGMVs. Consistently, 

previous studies have frequently suggested that 

processing of the metaphorical or inferential aspect of 

sentences are closely associated with neural activations 

in right temporal areas (Bottini et al., 1994; Kircher, 

Brammer, Andreu, Williams, & McGuire, 2001; Mason 

& Just, 2004). 

Second, rGMVs in the bilateral parahippocampal 

gyrus and the anterior portion of the fusiform gyrus 

were positively correlated with verbal scores. Recent 

neurological studies demonstrated that bilateral Ph/Fg 

were co-activated during various language-related 

processes, such as local contextual processing (Chen & 

Li, 2013), narrative comprehension (Ferstl et al., 2008), 

lexico-semantic processing (Mion et al., 2010), and so 

on. Although the posterior portion of the fusiform 

gyrus has been reported to be involved in lower level 

language processing such as orthographic word form 

processing (Booth et al., 2002), in the current study, a 

significant correlation with verbal scores was found 

only in the anterior portion of the fusiform gyrus. 

Thus, we suggest that individual differences in verbal 

cognitive style may contribute to the differences in 

verbal processing at the semantic level, not at the 

lower perceptual level.

Third, rGMVs in the anterior part of the left ITG 

were also positively correlated with verbal cognitive 

style. As with the above mentioned areas, this region 
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has been reported to be engaged in lexico-semantic 

processing (Kuperberg, Lakshmanan, Greve, & West, 

2008). Interestingly, according to a resting metabolism 

study conducted on patients with semantic dementia 

(SD), the patients showed hypo-metabolism in the 

anterior part of the left ITG, whereas such reduction 

was absent in the posterior part (Nestor, Fryer, & 

Hodges, 2006). Given that the posterior part of the left 

ITG is often reported to be involved in language 

processing at perceptual levels such as word 

recognition and representation of the written forms of 

the words (Nobre, Allison, & McCarthy, 1994), the 

verbal scores’ positive relationship only with the 

anterior part of the left ITG implies that the individual 

preference for verbal cognitive style is involved in 

language processing at the semantic level.

Although we found that some brain regions were 

anatomically correlated with the verbal cognitive style, 

it is unclear yet whether repeated use of verbal 

processing causes structural and/or functional 

differences in the related regions or vice versa. 

Additionally, in the present study, it is not clear why 

no regions were found to be relevant to the 

object/spatial cognitive styles. Therefore, future studies 

will be needed to address these questions. 

In conclusion, the current study found that the 

difference between verbal and spatial cognitive style is 

related to individual difference in brain structures 

including the right STS/STG, bilateral Ph/Fg, and left 

ITG. Importantly, our findings provide anatomical 

evidence that verbal cognitive style is relevant to 

higher level language processing, but not to basic 

language processing. Therefore, we suggest that 

individual differences in verbal preference can be 

partly explained by structural differences in the cortical 

regions. 

REFERENCES

Ashburner, J. (2007). A fast diffeomorphic image 

registration algorithm. Neuroimage, 38(1), 95-113. 

DOI: 10.1016/j.neuroimage.2007.07.007

Blazhenkova, O., & Kozhevnikov, M. (2009). The New 

Object-Spatial-Verbal Cognitive Style Model: 

Theory and Measurement. Applied Cognitive 

Psychology, 23(5), 638-663. DOI: 10.1002/acp.1473

Booth, J. R., Burman, D. D., Meyer, J. R., Gitelman, 

D. R., Parrish, T. D., & Mesulam, M. M. (2002). 

Functional anatomy of intra- and cross-modal 

lexical tasks. Neuroimage, 16(1), 7-22. 

DOI: 10.1006/nimg.2002.1081

Bottini, G., Corcoran, R., Sterzi, R., Paulesu, E., Schenone, 

P., Scarpa, P., . . . Frith, C. D. (1994). The Role 

of the Right-Hemisphere in the Interpretation of 

Figurative Aspects of Language - a Positron 

Emission Tomography Activation Study. Brain, 

117, 1241-1253. DOI: 10.1093/brain/117.6.1241

Chen, L. L., & Li, L. (2013). Context modulates neural 

activity of N400 and P600 to visual words. Journal 

of Neurolinguistics, 26(4), 490-509. 

DOI: 10.1016/j.jneuroling.2013.03.002

Colom, R., Haier, R. J., Head, K., Alvarez-Linera, J., 

Quiroga, M. A., Shih, P. C., & Jung, R. E. (2009). 

Gray matter correlates of fluid, crystallized, and 

spatial intelligence: Testing the P-FIT model. 

Intelligence, 37(2), 124-135. 

DOI: 10.1016/j.intell.2008.07.007

Draganski, B., Gaser, C., Busch, V., Schuierer, G., Bogdahn, 

U., & May, A. (2004). Neuroplasticity: Changes in 

grey matter induced by training - Newly honed 

juggling skills show up as a transient feature on a 

brain-imaging scan. Nature, 427(6972), 311-312. 

DOI: 10.1038/427311a

Farah, M. J., Hammond, K. M., Levine, D. N., & 

Calvanio, R. (1988). Visual and spatial mental 

imagery: Dissociable systems of representation. 



Individual Differences in Regional Gray Matter Volumes According to the Cognitive Style of Young Adults  73

Cognitive Psychology, 20(4), 439-462. 

DOI: 10.1016/0010-0285(88)90012-6

Ferstl, E. C., Neumann, J., Bogler, C., & von Cramon, 

D. Y. (2008). The extended language network: A 

meta-analysis of neuroimaging studies on text 

comprehension. Human Brain Mapping, 29(5), 

581-593. DOI: 10.1002/hbm.20422

Friederici, A. D. (2011). The Brain Basis of Language 

Processing: From Structure to Function. Physiological 

Reviews, 91(4), 1357-1392. 

DOI: 10.1152/physrev.00006.2011

Gaser, C., & Schlaug, G. (2003). Brain structures differ 

between musicians and non-musicians. Journal of 

Neuroscience, 23(27), 9240-9245. 

DOI: 10.1523/JNEUROSCI.23-27-09240.2003

Giedd, J. N., Blumenthal, J., Jeffries, N. O., Castellanos, 

F. X., Liu, H., Zijdenbos, A., . . . Rapoport, J. L. 

(1999). Brain development during childhood and 

adolescence: a longitudinal MRI study. Nature 

Neuroscience, 2(10), 861-863. DOI: 10.1038/13158

Haier, R. J., Jung, R. E., Yeo, R. A., Head, K., & Alkire, 

M. T. (2004). Structural brain variation and general 

intelligence. Neuroimage, 23(1), 425-433. 

DOI: 10.1016/j.neuroimage.2004.04.025

Jeon, M. & Han, K. (2003). The Differences in 

Processing Type of Working Memory in Music 

Reading between Experts and Novices. Science of 

Emotion & Sensibility, 6(3), 21-28.

Johns, C. L., Tooley, K. M., & Traxler, M. J. (2008). 

Discourse Impairments Following Right Hemisphere 

Brain Damage: A Critical Review. Language and 

Linguistics Compass, 2, 1038-1062. 

DOI: 10.1111/j.1749-818X.2008.00094.x

Kircher, T. T. J., Brammer, M., Tous Andreu, N., Williams, 

S. C. R., & McGuire, P. K. (2001). Engagement of 

right temporal cortex during processing of linguistic 

context. Neuropsychologia, 39(8), 798-809. 

DOI: 10.1016/S0028-3932(01)00014-8

Kraemer, D., Hamilton, R., Messing, S., DeSantis, J., & 

Thompson-Schill, S. (2014). Cognitive style, cortical 

stimulation, and the conversion hypothesis, 

Frontiers in Human Neuroscience, 8(15). 

DOI: 10.3389/fnhum.2014.00015

Kraemer, D. J. M., Rosenberg, L. M., & Thompson- 

Schill, S. L. (2009). The Neural Correlates of Visual 

and Verbal Cognitive Styles. Journal of Neuroscience, 

29(12), 3792-3798. 

DOI: 10.1523/Jneurosci.4635-08.2009

Kuperberg, G. R., Lakshmanan, B. M., Greve, D. N., & 

West, W. C. (2008). Task and semantic relationship 

influence both the polarity and localization of 

hemodynamic modulation during lexico-semantic 

processing. Human Brain Mapping, 29(5), 544-561. 

DOI: 10.1002/hbm.20419

Kuperberg, G. R., McGuire, P. K., Bullmore, E. T., 

Brammer, M. J., Rabe-Hesketh, S., Wright, I. C., 

. . . David, A. S. (2000). Common and distinct neural 

substrates for pragmatic, semantic, and syntactic 

processing of spoken sentences: an fMRI study. 

Journal of Cognitive Neuroscience, 12(2), 321-341. 

DOI: 10.1162/089892900562138

Lai, M. C., Lombardo, M. V., Chakrabarti, B., Ecker, 

C., Sadek, S. A., Wheelwright, S. J., . . . Consortium, 

M. A. (2012). Individual differences in brain structure 

underpin empathizing-systemizing cognitive styles in 

male adults. Neuroimage, 61(4), 1347-1354. 

DOI: 10.1016/j.neuroimage.2012.03.018

Mason, R. A., & Just, M. A. (2004). How the Brain 

Processes Causal Inferences in Text: A Theoretical 

Account of Generation and Integration Component 

Processes Utilizing Both Cerebral Hemispheres. 

Psychological Science, 15(1), 1-7. 

DOI: 10.1111/j.0963-7214.2004.01501001.x

Mason, R. A., Prat, C. S., & Just, M. A. (2014). 

Neurocognitive Brain Response to Transient 

Impairment of Wernicke's Area. Cerebral Cortex, 

24(6), 1474-1484. DOI: 10.1093/cercor/bhs423

Messick, S. (1976). Personality consistencies in cognition 



74  Minyoung Hur․Chobok Kim

and creativity. San Francisco: Jossey-Bass.

Mion, M., Patterson, K., Acosta-Cabronero, J., Pengas, 

G., Izquierdo-Garcia, D., Hong, Y. T., . . . Nestor, 

P. J. (2010). What the left and right anterior fusiform 

gyri tell us about semantic memory. Brain, 133, 

3256-3268. DOI: 10.1093/brain/awq272

Nestor, P. J., Fryer, T. D., & Hodges, J. R. (2006). 

Declarative memory impairments in Alzheimer's 

disease and semantic dementia. Neuroimage, 30(3), 

1010-1020. DOI: 10.1016/j.neuroimage.2005.10.008

Nobre, A. C., Allison, T., & Mccarthy, G. (1994). Word 

Recognition in the Human Inferior Temporal-Lobe. 

Nature, 372(6503), 260-263. DOI: 10.1038/372260a0

Pavio, A. (1971). Imagery and verbal processes. Oxford, 

England: Holt, Rinehart & Winston.

Sassa, Y., Taki, Y., Takeuchi, H., Hashizume, H., Asano, 

M., Asano, K., . . . Kawashima, R. (2012). The 

correlation between brain gray matter volume and 

empathizing and systemizing quotients in healthy 

children. Neuroimage, 60(4), 2035-2041. 

DOI: 10.1016/j.neuroimage.2012.02.021

Shin, G., & Kim, C. (2013). Individual differences in 

performance on working memory tasks according 

to object, spatial, and verbal cognitive styles. The 

Korean Journal of Cognitive and Biological 

Psychology, 25(4), 539-653.

Shin, G., & Kim, C. (2015). Neural correlates of 

cognitive style and flexible cognitive control. 

Neuroimage, 113, 78-85. 

DOI: 10.1016/j.neuroimage.2015.03.046

Vigneau, M., Beaucousin, V., Herve, P. Y., Jobard, G., 

Petit, L., Crivello, F., . . . Tzourio-Mazoyer, N. (2011). 

What is right-hemisphere contribution to phonological, 

lexico-semantic, and sentence processing? Insights 

from a meta-analysis. Neuroimage, 54(1), 577-593. 

DOI: 10.1016/j.neuroimage.2010.07.036

원고 수: 2019.07.22

수정 수: 1차 2019.08.25

2차 2019.09.03

게재확정: 2019.09.05

ⓒ 2019 (by) the authors. This open access article is distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


