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Figure 1 (Color online) Research framework. (a) Experiment design; (b) procedures of fMRI data analysis
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Table 1 Organization of experimental tasks
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Table 2 Brain regions associated with spatial ability
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Table 3 Correlation between behavior indicators and geography course achievement
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Figure 2 (Color online) RSA results of geography courses and activation patterns of brain regions. (a)—(c) Brain regions correlated with geography
courses achievement under spatial ability tasks, followed by human geography, cartography, and remote sensing; (d) significant RSA coefficients
between activation patterns of brain regions and geography courses achievement; results with P<0.05 (FDR correction) were displayed. MFG, middle
frontal gyrus; INS, insula; PHG, parahippocampal gyrus; MOG, middle occipital gyrus; PCUN, precuneus; L, left; R, right
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The correlation between geography courses and spatial ability:
An empirical study of brain imaging

Tianyang Bai, Tianyu Yang, Zheng Dong & Weihua Dong*
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Spatial ability is one of the basic aspects of human daily behaviour and is closely related to navigation; wayfinding;
science, technology, engineering and mathematics (STEM); and other fields. Spatial ability can be enhanced through
specific training methods during brain development. Previous studies have shown that geography education can improve
spatial ability. Using behavioural data, researchers have shown a correlation between geography courses and spatial ability.
However, there is a lack of research on the cognitive processes and neural mechanisms of geography courses’ correlation
with spatial ability.

Traditional behavioural research uses various scales to evaluate spatial ability. Recent studies have combined these scales
with eye-tracking technology to analyse individual differences in spatial ability from the perspective of visual processes.
Among neural imaging methods, functional magnetic resonance imaging (fMRI) has been used to identify the activated
brain regions involved in mental rotation, spatial orientation, and spatial relation reasoning. Representational similarity
analysis (RSA) expands upon mass-univariate analysis by providing information about how regions of the brain represent
information and revealing the similarities between representations of behaviour and brain activity. Previous neuroimaging
studies have used comparative experiments to confirm that geography education can affect the spatial ability of
undergraduate students. However, the functional mechanism through which geography courses are associated with spatial
ability is still unclear.

In this study, we conducted an fMRI experiment with 15 participants. All the participants were undergraduate students of
geography science and completed four spatial ability tasks, including mental rotation, spatial orientation, spatial
visualization and spatial relation reasoning. Using representational similarity analysis, the correlation between students’
achievements in geography courses and the activation patterns of brain regions was determined. The results showed that
achievement in the core courses of geography for undergraduate students (physical geography, physical geography
practice, human geography, cartography, geographic information systems, and remote sensing) was positively correlated
with accuracy in the spatial ability tasks and negatively correlated with response time. The achievements in human
geography, cartography and remote sensing courses were correlated with the activation patterns of brain regions during
spatial ability tasks. Our findings offer neuroscientific evidence that geography courses are correlated with the spatial
ability of undergraduate students and provide an interdisciplinary research perspective for geography curriculum
assessment and the development of students’ spatial ability.

spatial ability, functional magnetic resonance imaging, geography courses, representational similarity analysis
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