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Today | would like to talk about XXXXX. My name is Prof Shirota
from Gakushuin University. | am a professor of Economics Faculty.
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* Firstly, Secondly, Finally | will conclude this presentation.
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. Shapley-based Analysis of

~ el Dominant Factors for

Well-being Achievement
| by Indonesia Provinces
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Research Objective and Approach

* Among 17 SDG scores, which factors are dominant to increase well-
being scores?

 Effective investment by the government

» Data: data by provinces from BADAN PUSAT STATISTIK
* Method: Al-based regression XGBoost

e XAl (eXplainable Al) tool: SHAP

aaaaa

Copyright: Prof Yukari SHIROTA, Gakushuin University, 2024 14


https://www.bps.go.id/id

Contents

SHAP values stacked bar chart

EEEELYYVYE ISANMVYINS
Ay vLIN ISIMVINS
AN Vol INL TV

Y9 NVLNVINITYI
m=NIENYd
AL VWWVT

ImgibE/ )IVADOA 1d
1 DLENRZ

e Y9 VMVT
EEONNIAIVT

mmam 19INVT

ImEnviy

- LV YV Sy INNS
B iV S 1N
nEAMIONIg

I ey

m = ISIMVINS

Eamm NVLIV13S ISAMVINS

mm HVON1L ISIMVINS
meemm HNWIL NVLINVIAIYI
B NVINVINIIYI

mw mmn ve

1. Research Objective

mm) 2. Data Selection

VLAYV DIA
ErENYeRds VH3ILvIANS
s VHV1N VH3ILVIANS

A

5. Clustering by SHAP Values

3. Regression: XGBOOST
6. Conclusion

4. SHAP

1 SDG#2 SDG#4 SDG#5

B SDG#8

B SDG#1

B SDG#9_ICT B SDG#10

B SDG#6

15

Copyright: Prof Yukari SHIROTA, Gakushuin University, 2024



Data Selection

SDGs#1: [NotPoor%]=100 - [Percentage of Poor Population (PO) by
Province and Area (Percent), cited from [1]]

SDGs#2: NotHungryLevel, [Daily Average Consumption of Calorie and
Protein per Capita]

SDGs#3: [Well-being%]=100 - [Percentage of Population Having
Health Complaint by females]

SDGs#4: [Completion Rate by Educational Level and Province: Senior
High School %]

SDGs#5: [Gender Empowerment Index]
SDGs#6 [Households Using Safely Managed Sanitation Services (%)]

SDGs#8: [GDP%] = [ [2010 Version] Distribution of GRDP to Total GRDP
of 34 Provinces at Current Market Prices by Province (Percent)]

SDGs#9: [ICT%} = [Proportion of Adults (Aged 15-59 Years) with
Information and Communication Technology Skills (Percent)]

SDGs#10: [NoEconomicDisparityLevel] = (-1) Standardized value of
Gini index

Sustainable Development Goals provincial briefs
Briefs on SDGs and children, jointly developed by Bappenas and UNICEF for each province
3 GOOD HEALTH 4 QUALITY 5 GENDER
AND WELL-BEING EDUCATION EQUALITY !
8 DECENT WORK AND 9 INDUSTRY, INNOVATION 1 REDUCED
ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES
‘ ' =
" 1
BELOW WATER
B
R

1 PARTNERSHIPS
FORTHE GOALS
SU
l&

PEACE, JUSTICE

AND STRONG

INSTITUTIONS
W

Cited: https://www.unicef.org/indonesia/reports/sustainable-development-goals-provincial-briefs

Copyright: Prof Yukari SHIROTA, Gakushuin University, 2024
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Percentage of Population Having
Health Complaints by females as Well-being

index
 Comparison between complaints by male/female

* In every province

Percentage of Population Having Health Complaint by Province, and Sex, 2023

higher % of complaints s
by female than by male g
25
* Perhaps females’ positions
are more vulnerable s
0
* Target variable: BN S IS SRS R R RN RSN R R RN S
2p T8EEAsSGETREE SLCEREl2ofg o
[Well-being%]=
£ © L a - A £ E ® EESm T 3 =
“100 - this female %” AR L EEEAEEE I
z z

Emale Bfemale
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SDGs#2[NotHungry%] vs [Well-being%]

in 2023

 Papua has
the highest
well-being%

 Focused on the
center cluster
25 provinces

- ® PAPUA

g NGAH ~ PAPUA BARAT
5 GGARA
:: yy “ /L A H
o
c AN
S10 5 ARAT g 10 15
e \"
3 NUSA TENGGARA ..o
® BARAT ..-"
-20

SDGs#2
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Correlation Coefficients among Variables
before Regression

* 8 Explanatory Variables
* No explanatory var. highly correlated to TARGET

TARGET SDG#9_I

SDG#1 SDG#2 -SDG#3 SDG#4 SDG#5 SDG#6 SDG#8 cT SDG#10
SDG#1 1.00
SDG#2 0.49 1.00
TARGET:SD
G#3 0.39 0.24 1.00
SDG#4 0.48 0.43 0.29 1.00
SDG#5 0.10 0.13 0.23 0.03 1.00
SDG#6 0.43 0.41 0.18 0.72 0.07 1.00
SDG#8 0.24 0.14 0.11 0.31 0.11 0.47 1.00
SDG#9_ICT 0.70 0.34 0.25 0.81 0.13 0.63 0.47 1.00

SDG#10 -0.10 -0.20 -0.16 -0.46 -0.41 -0.41 -0.54  -0.51 1.00
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XGBoost Regression

 R*2: Aimost 1.0 by the best parameter set

Training Result

R™2

1.00 ~

0.95 4

0.90 +

0.85 1

0.80 +

0.75 1

I\

0701 7

0.65 1

0.60

learning_rate
—e— |earning_rate
learning_rate

100

260 360
n_estimators

—e— |earning_rate:

learning_rate:
—e— |earning_rate:
—e— |earning_rate:
—e— |earning_rate:
—e— |earning_rate:

0.01 max_depth: 3 value: [0.61747764
0.01 max_depth: 5 value: [0.70343786
0.01 max_depth: 7 value: [0.71670958
0.05 max_depth: 3 value: [0.98502292
0.05 max_depth: 5 value: [0.99650615
0.05 max_depth: 7 value: [0.9969979 (
: 0.1 max_depth: 3 value: [0.99967202 0
: 0.1 max_depth: 5 value: [0.99998394 0
: 0.1 max_depth: 7 value: [0.99998636 0
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SHAP

* Using the resultant regression model f(X), SHAP values can be
calculated.

« DBKDA 2023 tutorial video by Shirota and Basabi
Theoretical Explanation and Case Studies of Shapley
Values in Machine Learning Regression

e https://www.youtube.com/watch?v=ml|214YIYOoc
https://www.iaria.org/conferences2023/TutorialsDBKDA23.html

Copyright: Prof Yukari SHIROTA, Gakushuin University, 2024
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https://www.youtube.com/watch?v=ml214YlY0oc

SHAP

SHAP values stacked bar_chart

6
e Each province data has §
8 SHAP values. ) .
. . . B B -
* Y-axis: deviations of target ° N |
values (target - average) of!-g! -=lh-=i!-i=il
SEzoERSC EE§=225
 SHAP values may be -QI%‘%E%!!;EgE!iim g%ié
. < Z P Z -0 Z
negative _4-;! é%jgzigé £zz5
* The sum of the 8 SHAP >3 = 5 zgggg
values becomes the K ? - E:
deviation of the target 8

vVa

ue in each province. mSDG#1 ~ WSDG#2  mSDG#4 = SDGH5

m SDG#6 m SDG#8 B SDG#9_ICT mSDG#10
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SHAP shows Characteristics ofes=c =
Each Province -

 DKI Jakarta: dominant factor

iIs SDG#5 (gender)

* Bali: dominant factor is :
SDG#4 (education)

 The 8 variables’ contributions 5

areuptot

e Using its c
measure t

JAWA BA R

R AWA TENGHEEEI

DKI JAKARTANES

Ne province.
naracteristics,

ne effectiveness of

each index variable SDG#2

SDG#8
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Which var is the dominant factor to well-being?
Correlation coefficients among SHAP and

target

1. SDG#b5 (gender) has the highest value 0.76

2. SDG#1 (NoPoor) 0.68
3. SDG#4 (Education) 0.66

SHAP/T SDG#9 | TARGET
ARGET SDG#1 SDG#2 SDG#4 SDG#5 SDG#6 SDG#8 SDG#10 -SDG#3

SDG#1 1.00

SDG#2 0.13 1.00

SDG#4 0.44 0.13 1.00

SDG#5 0.25 0.09 0.33 1.00

SDG#6 0.12 0.60 0.34 0.51 1.00

SDG#8 0.08 0.13 0.23 0.19 0.32 1.00

SDG#9_I( 0.09 0.22 0.12 0.43 0.33 0.62 1.00

SDG#10 0.06 -0.09 021 0.45 0.14 -0.05 0.01 1.00

TARGET:: 0.68 0.36 0.66 0.76 0.60 0.40 0.49 0.40 1.00




Scatter Plot between SDG#5_SHAP and
target : 0.76

* Highest SDG#5_SHAP
SULAWESI TENGAH 80 cLae SUHAWES! TENGAH
DKI JAKARTA SULAWESI SELATAN ’

L]
76 ® BALI DKI JAKARTA

SU LAW ESl TE N GGARA KALIMANTAN TIVIDR :Jmngfnﬁﬁ’;\ UTARA °©
KALIMANTAN TENGA

74 KALIMANTAN

vl ramaney TENGAH

o M@NTAN BARAT

MHWHMAKARTA ¢
KALIMANIRNG E X GKULU

L]
® ACEH"  gplATAN 70

> w N e

TARGET

SUMATERA SELATAN
® SUMATERA BARAT . NUSA TENGGARA

68
e JAWA TENGAH TIMUR

66
-3 -2 -1 0 1 2 3
SHAP_SDG#5
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SHAP values stacked bar chart
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Clustering by SHAP distribution pattern

e 3 clusters
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Clustering by 8 SHAP Values

e K-means

* The number of
clusters k=3

Name SDG#1_st SDG#2_st SDG#4_shapvalue SDG#5_st SDG#6_st SDG#7_st SDG#8_st SDG#9 IC SDG#10_¢

ACEH -1.32654 0.212461 0.5003764 -1.70384
SUMATEF 0.323192  0.05647 1.4388171 -0.173
SUMATEF  0.0088 -0.00718 -0.69242096 -2.03179
RIAU 0.097818 0.431496 -0.12935348 -0.19001
JAMBI 0.228608 0.543912 -0.04496461 -0.07918
SUMATEF 0.064943 -0.82872 -0.20721847  0.22851
BENGKUL -1.43052 -0.09703 -0.38009563 -0.09457
LAMPUNC 0.200032 -0.05438 -0.4760555 -0.17452
DKIJAKAF 0.499201 0.294244 1.0982153 1.402713
JAWA BAF 0.225541 -0.0375 -0.10031061 -0.27548
JAWA TEN -0.53864 0.072779 -0.39650568 -1.18475
DI YOGYA 0.508485 0.034989 0.340477 0.265698
JAWA TIM  0.06426 -0.08567 -1.0101215 -0.94568
BANTEN  0.07224 -0.39842 -1.0393312  -0.1532
BALI 0.66559 -0.07583 1.5194385 0.158591
NUSA TEN -2.48124 -0.44546 -0.4487205 -1.06701
KALIMAN 0.265338 -0.06634 -0.30994222 -0.20193
KALIMAN 0.226552 0.148986 -0.047996495 1.689522
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0.008896
0.041875
-0.05423
0.020559
-0.02021
-0.63826
-0.15745
-0.15737
0.380063
0.002049
-0.00879
0.020533

-0.0576
0.074785
0.090098
-0.12665
-0.09781
0.187477

0.096279
0.303295
0.001329
0.410955
0.449312

0.17615
0.115303
0.158617
0.298922
0.118123
-3.34553

-3.0429
0.050973

0.09938
0.347438
0.108841
0.320106
0.354901

-0.04466 -0.04872 -0.3157
0.332676 -0.05031 -0.07491
-0.10816 -0.06959 -1.48705
0.248114 -0.03034 -0.12018
0.210442 -0.02564 0.425004
0.037068 -0.05305 -0.21058

-0.0582 -0.04536 -0.18407
-0.04391 -0.07555 -0.33855
0.132814 0.239914 0.341256
-0.06808 -0.00415 0.49775
-0.00563  -0.0394 0.025324
-0.17284 0.088556 0.115681
-0.15073 -0.06531 0.359153
-0.21814 -0.03623 -0.00139
0.210376 0.258025 0.293991
-0.12152  0.06561 -0.35443
-0.04288 -0.04889 -0.3891

0.071199 -0.04646 -0.14595
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Find Average SHAP Values of Each Cluster

Resultant
_ABEL
D

Name
ACEH
SUMATER
SUMATER
RIAU
JAMBI
SUMATER
BENGKUL
LAMPUNC(
DKI JAKAF
JAWA BAF
JAWA TEN
DI YOGYA
JAWA TIM
BANTEN
BALI
NUSA TEM
KALIMAN

2
0
2
0
0
2
2
2
0
0
1
1
2
2
0
2
2

-1.32654
0.323192
0.0088
0.097818
0.228608
0.064943
-1.43052
0.200032
0.499201
0.225541
-0.53864
0.508485
0.06426
0.07224
0.66559
-2.48124
0.265338

0.212461

0.05647
-0.00718
0.431496
0.543912
-0.82872
-0.09703
-0.05438
0.294244

-0.0375
0.072779
0.034989
-0.08567
-0.39842
-0.07583
-0.44546
-0.06634

0.5003764
1.4388171

-0.69242096
-0.12935348
-0.04496461
-0.20721847
-0.38009563

-0.4760555
1.0982153

-0.10031061
-0.39650568

0.340477
-1.0101215
-1.0393312

1.5194385
-0.4487205

-0.30994222

-1.70384
-0.173
-2.03179
-0.19001
-0.07918
0.22851
-0.09457
-0.17452
1.402713
-0.27548
-1.18475
0.265698
-0.94568
-0.1532
0.158591
-1.06701
-0.20193

0.008896
0.041875
-0.05423
0.020559
-0.02021
-0.63826
-0.15745
-0.15737
0.380063
0.002049
-0.00879
0.020533

-0.0576
0.074785
0.090098
-0.12665
-0.09781

0.096279
0.303295
0.001329
0.410955
0.449312

0.17615
0.115303
0.158617
0.298922
0.118123
-3.34553

-3.0429
0.050973

0.09938
0.347438
0.108841
0.320106

-0.04466
0.332676
-0.10816
0.248114
0.210442
0.037068

-0.0582
-0.04391
0.132814
-0.06808
-0.00563
-0.17284
-0.15073
-0.21814
0.210376
-0.12152
-0.04288

-0.04872
-0.05031
-0.06959
-0.03034
-0.02564
-0.05305
-0.04536
-0.07555
0.239914
-0.00415

-0.0394
0.088556
-0.06531
-0.03623
0.258025

0.06561
-0.04889

-0.3157
-0.07491
-1.48705
-0.12018
0.425004
-0.21058
-0.18407
-0.33855
0.341256

0.49775
0.025324
0.115681
0.359153
-0.00139
0.293991
-0.35443

-0.3891

LABEL_ID SDG#1_stSDG#2_st SDG#4_shapvalue SDG#5_st SDG#6_st SDG#7_st SDG#8_stk SDG#9 IC SDG#10_sSDG#3

70.36
75.18
68.54
73.72
74.67
71.55
70.65
72.02
77.67
73.34
67.56
71.14
71.14
71.38
76.45
68.11
72.41



Cluster Average of Target Values
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Cluster Average of Target Values
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SHAP values stacked bar chart
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Conclusions

 SDG#3 well-being is target SHAP values stacked bar_chart
 Dominant factors for well-being z g

 XGBoost and SHAP 2 7. .. a' L

1. SDG#5 (gender) 0.76 Y g L;L «:@' I lg~; L I;
2. SDG#1 (NoPoor) 0.68 &&viif@iiz«ie"i*‘if‘vI‘;@f;*ﬁi g‘:ﬁoy
3. SDG#4 (Education) 0.66 §° G T T B
 Clustering by SHAP 8_ . )

° ngh We”-being cluster: hlgh gender_SHAP mSDG#6  MSDGHS M SDGH9_ICT M SDG#10
* Low well-being cluster’s problem: poverty
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