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Using a scaling analysis of statistical physics, this study quantitatively reveals the relationship
between department and freshman densities by majors in Korean higher education institutions
against the regional school-age population density. In particular, we define a scaling exponent that
quantifies differences in department and freshman densities in accordance with the differences
in the regional school-age population density. We also discuss the regional differences in higher
education with the temporal change of the exponent. The scaling exponents of junior colleges
are higher than those of universities. Moreover, the scaling exponents of basic natural science,
education, and medical-pharmaceutical majors are smaller than those of others. The exponents
of freshman density increase over time in all disciplines, implying increasing regional differences
in higher education. Finally, the findings can be extended to a more systematic study to plan the

coexistence of balanced development with regional communities.
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Table 1. Definitions of Densities: School-age population,
Department, and Freshman.

Definitions

The population aged 6-17
in a specific region

divided by the area

The number of departments

Category of Densities

School-age population

Department in a specific type of major
divided by the area
The number of freshmen
Freshman in a specific type of major

divided by the area

Table 2. Data classification.

Category Classification
Gangwon, Gyeonggi,
Gyeongnam, Gyeongbuk,
Region Gwangju, Daegu, Daejeon, Busan,

Seoul, Sejong, Ulsan, Incheon,
Jeonnam, Jeonbuk, Jeju,
Chungnam, Chungbuk

Junior College, University
Humanities, Social Sciences,
Basic Natural Sciences,
Applied Natural Sciences,
Engineering, Education,
Medical Sciences & Pharmacy,
Arts & Physical Education

School System

Academic Field
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Fig. 1. (Color online) The plots show the scaling relations (left) between department density and school-age population
density and (right) between freshman density and school-age population density for (a) engineering and (b) medical
sciences & pharmacy in universities and junior colleges in 2022. The black squares and the solid black lines represent
university data, while the red triangles and the red dotted lines represent junior college data. The lines are regression
lines.
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Table 3. Scaling exponent a and R? values (in the parentheses) shown for departments and freshmen, divided by
school systems and major in 2022. In each row, the largest and the smallest among « values are marked as * and **,
respectively.

Social Basic Applied Medical Arts
Majors Humanities . Natural Natural FEngineering Education Sciences & Physical
Sciences . . .
Sciences  Sciences & Pharmacy  Education
Dent 0.96* 0.83 0.73 0.85 0.82 0.87 0.68** 0.86
Univ pt- (0.78) (0.75) (0.64) (0.78) (0.81) (0.83) (0.50) (0.75)
) Freshman 1.08* 0.97 0.80 1.02 0.98 0.90 0.69™" 0.98
(0.85) (0.84) (0.85) (0.85) (0.86) (0.82) (0.51) (0.79)
Dent 0.99* 0.92 0.89 0.87 0.99 0.96 0.68™" 0.98
Junior pt- (0.72) (0.89) (0.78) (0.75) (0.96) (0.90) (0.65) (0.84)
college Freshman 1.07 1.00 0.89 1.06 1.11 1.12F 0.77° 1.06
(0.61) (0.82) (0.85) (0.86) (0.93) (0.95) (0.74) (0.85)
(@ — (b) . .
1.3 Humanities 1.31 1.3 Social Sciences 1.3
§1.0~W‘£‘\- $1.04 31.04 m.ww
0.71 0.71 0.71 0.71
2012 2017 2022 2012 2017 2022 2012 2017 2022 2012 2017 2022
d
© 1.3/ Basic Natural Sciences 1.34 ¢ )1_34 Applied Natural Sciences 1.3
31.04 $1.04 31.0 $ 1.0
T o o T
0.7 M 0.7+ 0.7 : : 0.7+
2012 2017 2022 2012 2017 2022 2012 2017 2022 2012 2017 2022
(6)1_34 Engineering 1.3 (f)1_34 Education 1.3

gl.OA,,/‘—-—-Y/ SI.OA'\./-""_H—'“'/.-. S 1.0 & 1.0 :—HH

R
0.7 0.7 0.7 0.7
2012 2017 2022 2012 2017 2022 2012 2017 2022 2012 2017 2022
(9) } ) (h) . )
1.3/ Medical Sciences 1.31 1.3/ Arts & Physical Education 1.3
& Pharmacy

31.0] $1.01 31.0] : 51.0~M

A s =i S [V Peir-wee = o S TS 0.7

2012 2017 2022 2012 2017 2022 2012 2017 2022 2012 2017 2022
Year Year Year Year

Fig. 2. (Color online) Temporal change of the exponents « for each major over the past 11 years shown in the two sets
of plots: densities of departments (left) and freshmen (right). The black squares represent university data, and the red
triangles represent junior college data.
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