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Spatio-Temporal Distribution of Occupational Skills in the Capital Region,
Korea: A Spatial Markov Chain Approach
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Abstract

This study aims to predict the spatio-temporal distribution of occupational skills in the capital region by applying
the spatial Markov chain model, which combines local spatial statistics with the classic Markov chain. This study
calculates the local specialization index of occupational skills in 2000 and 2015 for 70 cities, constructs the transition
matrix of the spatial Markov chain model, and then attempts to predict the distribution of occupation skills in
2030. According to our results, cognitive and social skills were found to be more affected by the surrounding area
than technical and manual skills. The intensified spatial concentration of cognitive skill and social skill, which are
somewhat less likely to be replaced by the development of automation technology, ultimately reveal that the geographic
inequality of the labor market will have been intensified. This study suggests that it is necessary to adopt the
place-based policy approach considering the spatial effect of occupational skill.

Keywords: Occupational Skills, Cognitive Skill, Social Skill, Place-based Approach, Spatial Markov Chain
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Table 1_ Analysis Process

Input

Method

Output

Step 1. Deriving Occupational Skills

Job Performance Competency Variables
from ‘Korea Network for Occupations and Workers’

FA

{1} Categorization of Occupational Skills
(— <Table 2>)

[2} Factor Score by Occupation by Occupational Skills

Step 2. Identifying Spatial Effects of Occupational Skills

Output {2} & N of Workers by Occupation

Mathematical

[3} Local Specialization Index of Occupational Skills

2-1
from ‘Population Census’ Calculation (— <Table 3>)
[4} Global Moran’s [/ Statistics
2-2 | Output {3} & Statistical Map ESDA (— <Table 3>)
[5} Spatial Lag Values
Step 3. Predicting Spatio-Temporal Distributional Changes of Occupational Skills
{6} Transition Matrix of SMC from 2000 to 2015
3-1 | Output {3} & Output [5} (— <Table 5>)
SMC
32 | Ourpuc 161 {71 Transition Matrix of SMC from 2000 to 2030

(— <Table 6>)

Note: FA, ESDA, and SMC are the abbreviation for factor analysis, exploratory spatial data analysis, and spatial Markov chain respectively.
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Figure 1_Classic Markov Chain and Spatial Markov Chain
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Figure 2 _Scree Plot
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Note: The x-axis is the factor number, and the y-axis is the
eigenvalue.
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Table 2 _Results of Factor Analysis

Factor 1 Factor 2 Factor 3 Factor 4
Variables (Social Skill) (Technical Skill) (Manual Skill) (Cognitive Skill)
PE SE PE SE PE SE PE SE
Human Resource Management 0.979 0.956 0.044 0.046 -0.002 -0.070 0.035 -0.604
Financial Management 0.973 0.904 -0.021 -0.056 -0.151 -0.229 0.124 -0.516
Negotiation 0.908 0.885 -0.095 -0.117 -0.105 -0.198 0.047 -0.545
Persuasion 0.809 0.902 -0.225 -0.219 -0.013 -0.136 -0.144 -0.662
Judgment and Decision Making 0.781 0.934 0.133 0.151 0.021 -0.026 -0.237 -0.750
Material Resource Management 0.766 0.696 0.217 0.214 -0.004 -0.013 0.110 -0.398
People Identification 0.746 0.867 -0.370 -0.333 0.118 -0.036 -0.204 -0.668
Behavior Adjustment 0.701 0.890 -0.207 -0.149 0.190 0.071 -0.317 -0.754
Monitoring 0.685 0.904 0.086 0.098 -0.018 -0.072 -0.334 -0.785
Service Oriented 0.665 0.727 -0.335 -0.298 0.133 -0.002 -0.114 -0.526
Ag‘igj&gggﬂf]‘ggﬁﬁ"f 0.648 0.795 0.409 0.402 -0.082 -0.055 20213 0.657
Time Management 0.593 0.861 -0.002 0.040 0.100 0.029 -0.424 -0.805
Problem Solving 0.583 0.864 0.283 0.285 -0.083 -0.089 -0.419 -0.815
Speaking 0.551 0.815 -0.321 -0.280 0.095 -0.043 -0.419 -0.759
Equipment Selection 0.107 0.139 0.884 0.910 0.102 0.286 -0.057 -0.159
Installation -0.077 -0.100 0.869 0.882 0.069 0.269 0.033 0.050
Engineering 0.022 0.232 0.813 0.815 -0.047 0.115 -0.312 -0.363
Maintenance of Equipment -0.121 -0.253 0.811 0.861 0.262 0.461 0.175 0.233
Technical Analysis 0.156 0.415 0.791 0.790 -0.082 0.061 -0.384 -0.523
Detecting and Repairing Faults -0.142 -0.277 0.776 0.817 0.224 0.417 0.183 0.255
Manipulation and Control -0.151 -0.142 0.758 0.824 0.289 0.467 -0.046 0.035
Quality Control Analysis 0.173 0.267 0.730 0.689 -0.208 -0.067 -0.115 -0.269
Operation Check -0.152 -0.303 0.726 0.782 0.290 0.473 0.199 0.283
Reaction Time and Speed -0.040 -0.141 0.115 0.290 0.797 0.829 0.056 0.117
Motion Control -0.064 -0.285 0.387 0.536 0.721 0.825 0.251 0.314
Flexibility and Balance 0.108 -0.181 0.125 0.262 0.685 0.722 0.359 0.319
Hearing Ability 0.052 0.190 -0.101 0.061 0.671 0.630 -0.297 -0.292
Vision -0.179 0.001 0.025 0.185 0.657 0.658 -0.359 -0.210
Physical Strength 0.084 -0.244 0.195 0.293 0.527 0.586 0.440 0.404
Sophisticated Behavior -0.143 -0.265 0.404 0.508 0.495 0.603 0.128 0.229
Read and Understand 0.312 0.794 -0.008 0.014 -0.042 -0.107 -0.734 -0.939
Listening and Understanding 0.383 0.820 -0.084 -0.052 0.009 -0.075 -0.673 -0.918
Data Processing 0.077 0.536 0.327 0.293 -0.283 -0.251 -0.667 -0.746
Learning Strategy 0.344 0.763 0.058 0.104 0.075 0.027 -0.654 -0.876
Writing 0.378 0.808 -0.035 -0.026 -0.088 -0.160 -0.650 -0.899
Memory 0.341 0.737 -0.246 -0.157 0.273 0.157 -0.643 -0.841
Selective Concentration 0.201 0.582 0.075 0.191 0.401 0.368 -0.635 -0.749
Categorization 0.386 0.795 0.225 0.250 -0.013 -0.027 -0.624 -0.886
Logical Analysis 0.392 0.805 0.173 0.163 -0.171 -0.196 -0.612 -0.883
Literacy 0.381 0.770 0.212 0.205 -0.147 -0.161 -0.579 -0.843
Numeracy 0.327 0.692 0.275 0.251 -0.215 -0.208 -0.532 -0.767
Creativity 0.356 0.688 0.111 0.131 -0.016 -0.046 -0.507 -0.745
Teaching 0.442 0.759 0.017 0.068 0.124 0.066 -0.503 -0.785
Space Perception 0.289 0.567 0.097 0.214 0.431 0.405 -0.481 -0.651
Eigenvalue 21.466 8.743 3.160 1.340
% Total Variance 48.785 19.870 7.181 3.045
Cumulative % Variance 48.785 68.656 75.837 78.882
N of Items 14 9 7 14
Cronbach’s Alpha 0.976 0.948 0.881 0.974

Note: PE and SE are the abbreviation for pattern coefficients and structure coefficients respectively.
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Table 3 _ Statistics of Specialization Index of Occupational Skills

Occupational Skills Year Mean S.D. Min Max Global Moran’s /
2000 0.242 0.079 0.088 0.481 0.423™"
Cognitive Skill -
2015 0.270 0.075 0.137 0.486 0.447"
2000 0.283 0.094 0.131 0.576 0.353™"
Social Skill -
2015 0.334 0.090 0.144 0.584 0.455"
2000 0.185 0.041 0.092 0.311 0.209™"
Technical Skill -~
2015 0.135 0.026 0.070 0.216 0.415"
2000 0.198 0.027 0.099 0.254 0.309""
Manual Skill -
2015 0.221 0.018 0.157 0.249 0.164
Note: “"p<0.01
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Table 4 _Transition Matrix of Classic Markov Chain from 2000 to 2015(/V=70)

2015, TA, 2015, TA, 2015, TA, 2015, TA,

2000, TA Cognitive Skill Social Skill Technical Skill Manual Skill
Low | Med. | High | Low | Med. | High | Low | Med. | High | Low | Med. | High
Low 078 | 013 | 009 | 057 | 030 | 013 | 039 | 026 | 035 | 087 | 013 | 000
Med. 021 | 058 | o021 017 | 050 | 033 | 038 | 038 | 025 | 013 | 054 | 033
High 000 | 030 | 070 | 026 | 022 | 052 | 022 | 039 | 039 | 000 | 035 | 065

Note: TA is an abbreviation for target area.
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Table 5 _ Transition Matrix of Spatial Markov Chain from 2000 to 2015(/V=70)

2000 2015, TA, 2015, TA, 2015, TA, 2015, TA,
TA, 29&3, Cognitive Skill Social Skill Technical Skill Manual Skill

Spatial Lag Low | Med. | High | Yow | Med. | High | Low | Med. | High | Low | Med. | High

Low | 080 | 011 | 000 | 094 | 006 | 000 | 071 | 021 | 007 | 023 | 023 | 054

Low Med. 0.40 0.40 0.20 0.25 0.75 0.00 0.14 0.57 0.29 0.20 0.60 0.20

High | 0.00 | 000 | 000 | 000 | 050 | 050 | 050 | 000 | 050 | 000 | 040 | 0.60

Low | 075 | 025 | 000 | 033 | 033 | 033 | 020 | 060 | 020 | 071 | 014 | 014

Med. | Med. | 006 | 056 | 038 | 029 | 057 | 014 | 020 | 040 | 040 | 045 | 036 | 0.8

High | 000 | 050 | 050 | 000 | 043 | 057 | 022 | o011 | 067 | 033 | 033 | 033

Low | 1.00 | 000 | 000 | 033 | 033 | 033 | 050 | 025 | 025 | 033 | 067 | 0.00

High | Med. | 000 | 067 | 033 | 000 | 050 | 050 | 014 | 057 | 029 | 038 | 025 | 0.38

High | 000 | 032 | 068 | 000 | 021 | 079 | 025 | 033 | 042 | 025 | 042 | 033

Note: TA is an abbreviation for target area.
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Table 6 _Transition Matrix of Spatial Markov Chain from 2000 to 2030(/N=70)

2000 2030, TA 2030, TA 2030, TA 2030, TA
Ta, | 2000, Cognitive Skill Social Skill Technical Skill Manual Skill
Spaial Lag | "\ Low | Med. | High | Low | Med | High | Low | Med. | High | Low | Med. | High
Low | 083 | 014 | 002 | 090 | 010 | 000 | 058 | 028 | 015 | 010 | 041 | 049
Low |Med. | 052 | 020 | 008 | 042 | 058 | 000 | 033 | 036 | 032 | 017 | 049 | 035
High | 000 | 000 | 000 | 013 | 063 | 025 | 061 | 011 | 029 | 008 | 048 | 044
Low | 058 | 033 | 009 | 021 | 044 | 035 | 020 | 038 | 041 | 062 | 020 | 0.18
Med. | Med. | 008 | 052 | 040 | 026 | 048 | 026 | 021 | 032 | 047 | 055 | 026 | 0.19
High | 003 | 053 | 044 | 012 | 049 | 039 | 021 | 025 | 0535 | 050 | 028 | 022
Low | 1.00 | 000 | 000 | 011 | 035 | 054 | 035 | 035 | 030 | 036 | 039 | 025
High | Med. | 000 | 055 | 045 | 000 | 036 | 064 | 022 | 046 | 032 | 031 | 047 | 022
High | 000 | 043 | 057 | 000 | 028 | 072 | 028 | 039 | 033 | 032 | 041 | 027
Note: TA is an abbreviation for target area.
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Appendix e°

Table 1_LISA Map Local Specialization Index of Occupation Skills(N=70)

Variable 2000 2015
Cognitive
Skill
Global Morans I = 0.423 Global Moran’s 1 = 0.447
Social
Skill
Global Morans I = 0.353 Global Moran’s I = 0.455
Technical
Skill
Global Moran’s T = 0.209
g
W gv:jf‘”'? =
A g L
Manu: Y e
Skill g 4 2
Global Moran’s I = 0.309 Global Moran's I = 0.164
:] Not Significant
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