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Effects of Early Mathematics Skills on Middle School Students’ Mathematics Achievements and a
Preliminary Exploration of Neural Foundations

JI Zhong-tian}, SONG Shuang?, GUO Kan''?
(1. School of Mathematical Sciences, Beijing Normal University, Beijing 100875, China;
2. College of Teacher Education Capital Normal University, Beijing 100048, China;
3. National Research Center for Educational Materials, Beijing 100875, China)

Abstract: Students’ achievement is a crucial factor for societal growth. Analyzing the factors influencing students’ academic
performance and delving into the underlying mechanisms can lead to significant improvements. However, it is difficult to uncover
the fundamental principles of complex learning just by studying behaviors. The emergence, optimization, and application of
non-invasive brain imaging technologies have provided valuable insights into the mechanisms responsible for students’
mathematical learning. This study analyzed early childhood mathematical skills, gray matter volume in junior high school, and
mathematical academic achievement from a decade-long longitudinal cohort. The results indicated that whole-brain gray matter
volume mediates the predictive effect of early mathematical skills on mathematical academic achievement, nearly doubling the
model’s explanatory power for variance in mathematical achievement. Focusing on the physiological mechanisms of mathematical
academic achievement, this research enhances the understanding of the factors influencing academic performance, and facilitates
more direct application of research findings to educational practice.

Key words: early mathematics skills; mathematics achievement; magnetic resonance imaging; gray matter volume
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