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Dataset & Preprocessing

» Source: UNDP Human Development Reports ARFF
file (1990-2022)

» 20 countries, 660 annual observations, 44 attributes
» Decoded categorical fields; handled missing values

» 2022 subset: dropped nulls in GNI, Life Expectancy,
Mean Schooling, HDI

» Tools: MS Excel, Notepad++, Python (pandas,
sklearn, matplotlib), ChatGPT, Tableau Public,
WEKA

[@I0C6]

BY NC SA



Preferred Countries

Preferred Countries

2022

®)
8 K Kazal
France @," Mo
s = R
Uakod @ o
\@ et
. £
) = % o
X Ira 4
.
gena f .

Liby: T¢

Y N

ii Ara ¥ g

Moxic India \

|
=S sdar L
= O
( h ) ‘
L \ .
¢ g o e
> 7 /
\ ® Z
. o “
4 X ?
= \ {
4 9 |
Y Bra v
P 0]
< >
A:;Ol a
7 J

© 2025 Mapbox © OpenStreetMap

ralia Bulgaria Canada Croatia Estonia

Iceland Ireland Italy

Netherlands ~ Norway Singapore
Switzerland Tiirkive l Jkraine

Spain
l InitedStateg



All Attributes Visualize
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Summary Statistics (1990-2022)

07 Expecte| 25-“"%_ | 00 Human | 10 Mean_| 11 Life Ex 12 Life Ex --ieEx 14 Expecte
06 Populati| | National In| _— = —| = = — —  |pectancy _at|d Years of

Statisti 03 HDI Ra 05 Y :tori d Years of P _Developm | Years of 5 pectancy at|pectancy at . F S choolin
AMSHE |k 2022y | T ""—ﬂ;‘l} "¢ Schooling a';:; ;I, ent_Index (| chooling (| Birth (Ye | Birth Mal aﬁ‘alem&; —Fen: ﬂ:

_ - 2 _ : |

_(Years) ) Value) Years) ars) e (years) 9 Years)

coumnt 660 660 660 660 655 655 660 660 660 660 660
mean 21.93 2006 42499719 15,97 40706,08 0.87 11,19 78.32 75,38 81,22 16,27
std 24 67858576 224 1670893 0,07 202 396 474 3.23 250
min 1,00 1950 254844 892 683722 0,60 446 66,83 61,18 71.41 1,77
0,25 6,00 1993 4833457 1494  30163.75 0.83 10.3% 7620 73,10 79,34 1492
0.50 12,00 2006 12759109 1595 4140303 0,88 11,55 78.94 76,24 81.60 16,40
0,75 30,00 2014 53266498 17.03 5173720 0,92 12 64 81 46 7914 83.62 1741
max 100,00 2022 341534041 2325 88761.15 0,97 14.26 8482 83,17 87.83 2358




Summary Statistics (1990-2022)

23 Labomr 26 Labour
17 Gross | 18 Gross 21 Mean ZS—Ad_UIESC _].?n?rce._Par Fu_rce Par ET—ZMHETI
" iy " iy - —.| 22 Mean_ | ent_Birth_ | 24 _Gender | ticipation_ |7, ., = al_Mortalit
National In|National In| 19 HDI Fe Years of 5| — = e - . — | ticipation_ | — .
. 20 _ HDI M : Years of S |Rate (Birth| _Inequality | Rate Fema v_Ratio (D
Statistic | come Per | come Pear | male (Valu chooling F ) Rate Male
. . ale (Value) chooling M |s Per 1000| Index (val| le (Percent eaths Par
Capita_Fe |Capita_Mal €) emale (Yea _(Percentag :
male e r9 ale (Years) Women A ue) age Ages 1 e Ages 15 100000 Liv
ges 15 10) 5 and Old nd Older e Births)
er) -
count 6350 6350 650 650 660 660 660 655 655 655 660
tmean 30615.51 51484 1 0,88 10,98 11.42 16,40 0,16 53.77 70,21 10,56
std 1415328 19556 0 0.07 222 185 14.96 0.11 1091 6,67 8.48
min 544736 8312 1 0.64 3.28 5,64 1.81 0,01 23.2% 43,10 1.66
0,25 21388 87 39471 1 0,34 10,00 10,61 6,08 0,08 4780 66,38 5.44
0,50 30047.06 53623 1 0,20 11.45 11.80 10,18 0,13 55,65 70,68 7.63
0,75 3898405 64397 1 0.93 12 .62 12.73 20,56 021 5981 74.20 11.67
max 82518.17 108424 1 0.98 14,14 14.54 6992 0.60 7977 8845 3240




Summary Statistics (1990-2022)

N(cloce)

31 Populati 36 _Age sta|37 Age sta 38_Age sta ﬂﬁé‘;ﬁ“ 40 Age sta H1AZe St
on_With_at 35 Planeta ndardized | ndardized | ndardized i ndardized
— = | 32_Carbon - - - — | deaths fro | ndardized -
Least So -, . . | ry_Pressur | deaths fro | deaths fro | deaths fro L. — | deaths fro
— - _dioxide E |33 Differen|34 Materia ~—, . . - - m_infectiou| deaths fro L
me Second missions P | ce From H 1 Footorint es Adjuste | m_maligna | m_cardioval m_respirat < and para m dicestive m_unintent
Statistic |ary_Educat o e otp .. |d Human | nt neoplas scular dise ory infectio| _p - g . |ional_injuri
. er_Capita_(| DI Value (| Per Capit . . - sitic diseas | diseases i .
ion Male ( . Developme ms in both|ases in bot| ns in both . es in both
Production)| Percentage) a_(Tonnes) es in both |n both sex
Percentage (Tonnes) nt Index (| sexes per | h sexes pe| sexes per_ o 1 e per 100 35S  per 1
_Ages 25 a — Value) |100000 peo|r 100000 p| 100000 peo mmmﬂs—p = unT}p = o 00000_peop
nd_Older) ple eople ple h—"""" -peop le
count 660 660 651 654 651 613 613 613 613 613 613
mean 84,07 10 13 2475 0,73 13,83 25,90 2326 13,36 2476 2281
std 15,28 4 (4] 10,33 0,06 2427 2752 1737 8.67 13,52 908
min 2492 3 5 3,48 0,54 2,06 7,26 268 2.56 1,25 6,07
0,25 7129 6 11 16,86 0,69 5,78 13,99 13 59 9.00 15,24 16,03
0,50 89,79 9 13 24 45 0,73 732 18,93 18,68 11,33 23,16 20,53
0.75 95,05 11 18 32,06 0,78 9.12 26.94 25,56 1471 34,02 2918
max 100,00 24 36 78.24 0,84 147,67 212,37 145 98 88,35 78,85 51,88




Missing Data Analysis

Top 6 Attributes with Most Missing Values:

» 36 Age-standardized deaths from malignant neoplasms in both
sexes per 100.000 people : 47 missing

» 37 Age-standardized deaths from cardiovascular diseases in
both sexes per 100.000 people : 47 missing

» 38 Age-standardized deaths from respiratory infections in both
sexes per 100.000 people : 47 missing

» 39 Age-standardized deaths from infectious and parasitic
diseases in both sexes per 100.000 people : 47 missing

» 40 Age-standardized deaths from digestive diseases in both
sexes per 100.000 people : 47 missing

» 41 Age-standardized deaths from unintentional injuries in both
sexes per 100.000 people: 47 missing

» Total missing values: %7.12



Correlation Analysis

|_Rank (2022)
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HDI - Human Development Index

HDI Dimensions and Indicators

DIMENSION
DIMENSIONS INDICATORS INDEX

Long and

- Life expectancy at birth . Life . -
healthy Iife expectancy index

Kn owled ge IE“EJ - E:r?oeccylti?]: yeaEet + Education index H DI

« Mean years of schooling Human Development
Index

A decent '::' + GNI per capita (PPP %) « GNI index
standard of living



\
Top 10 Features Correlated with HDI

Ir| value Atributes

1 0.9724 20 HDI Male (Value)

2 0.9691 19 HDI Female (Value)

3 0.8811 11 Life Expectancy at Buth (Years)

4 0.8768 12 Life Expectancy at Buth Male (Years)

5 0.8593 13 Life Expectancy at Birth Female (Years)
6 0.8349 08 Gross National Income Per Capita (PPP$)
7 0.8137 17 Gross National Income Per Capita Female
8 0.7966 18 Gross National Income Per Capita Male
9 0.789 07 Expected Years of Schooling (Years)
10 0.788 04 Human Development Groups

Weka Attribute Evaluator (supervised. Class (numeric): 09 Human Development Index (Value)): Correl ation Ranking Filter



All Attributes (44)
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Regression Modeling (2022)

Linear Regression predicting HDI from key indicators

Cross-validation

0.9999 R? Correlation coefficient

0.0006 MAE Mean absolute error
0.0009 RMSE Root mean squared error

1.0354% RAE Relative absolute error
1.1618 % RRSE Root relative squared error
655 Total Number of Instances
5 Ignored Class Unknown Instances

Weka: Scheme: weka classifiers functions LinearBegression -5 0 -B 1.0E-8 -num-decim al-places 4

09 Human Development Index (Value)

higher value indicates
more relationship

The lower the better.
The lower the better.
The lower the better.
The lower the better.



Top 5 HDI Performers (2022)

Life Mean
Country Expectancy Schooling
(Years) (Years)

Switzerland 69432.79

Norway 0.966 69189.76 83.4
Iceland 0.959 54688.38 82.8
Denmark 0.952 62018.96 81.9

Sweden 0.952 56995.85 83.5




HDI Trends Over Time (20)

Trends in Countries HDI 1990 — 2022 M
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HDI Value

0.96

0.94r

HDI Trends Over Time (Top 5)

HDI Trends (1990-2022) for Top 5 Countries

Switzerland
Norway
Iceland
Denmark
Sweden

[T

1990 1995 2000 2005 2010 2015
Year

2020
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Prediction & Forecast

Trends in Countries HDI 1990 - 2027 e

W Australia, Actual
(Next S-year forecast value) I Australi, Estimate
M Bulgaria, Actual
Bulgaria, Estimate
B Canada, Actual
M Canada, Estimate
W Croatia, Actual
Croatia, Estimate
W Denmark, Actual
I Denmark, Estimate
M Estonia, Actual
M Estonia, Estimate
W Germany, Actual
B Germany, Estimate
W icetanc, Actual
Iceland, Estimate
W reland, Actual
B ireland, Estimate
W icaly, Actual
B italy, Estimate
. Japan, Actual
I Japan, Estimate
W Netheriands, Actual
I Netherlands, Estima
W Norway, Actual
B Norway, Estimate
W Singapore, Actual
Singapore, Estimate
. Spain, Actual
B Spain, Estimate
W Sweden, Actual
I Sweden, Estimate
W Switzerland, Actual
M Switzecland, Estimate
W Tarkive, Actual
Tarkiye, Estimate
0.65 W Ukraine, Actusl
W Ukraine, Estimate
W UnitedStates, Actual
I UnitedStates, Estim
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Global Human Development Index (HDI) value @

0.825

0.805 1 e
' 4
Pre-2020 trend
0.785 1 ‘,0 L
2021-2024 trend — 2~
0765 - f' .‘----C

2023-2024
trend

0.745 -
0.725 -
0.705 T
0.685 -

0.665 -

0.645

2000 2005 2010 2015 2020 2024 2030
(projected)’ | |
(extrapolated trend)




Pre-2020 trend
2021-2024 trend — <~

s 2023-2024
trend
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Economic Growth vs HDI

Economic Growth vs HDI with Trendline
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Count of Human Development Index (Value)
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HDI Distribution
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HDI Box and Whisker Plots

Human Development Groups

0,98
0,96
0,94
0,92
0,90
0,88

0,86

0,84

HDI Boxplot by

0,80

Development
Group

Human Development Index (Value)

0,68
0,66
0,64
0,62

0,60

0.58 1 null |

High Medium “VeryHigh




Average HDI Over Time

Average HDI Over Time by Development Group

—— High
—— Medium
0.90 F —— VeryHigh

0.851

Average HDI Value
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0.65}

0.60

1990 1995 2000 2005 2010 2015
Year




What are the common goals of all
countries?
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* High GNI

* Good healthcare system

* Quality education
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Life Expectancy vs HDI

Life Expectancy at Birth vs HDI

660 665 670 675 680 685 690 695 700 705

Trend Line: Polynominal

Degree: 5

740 745

750 755 760 765
Life Expectancy at Birth (Years)

770 775

780 785

790 795

805

(POB)

810 815 820 825 8.0

BY NC SA

835 840

845 850 855




What Is the other side of the
coin?
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Multidimensional Poverty

Contribution of deprivation in indicator to overall multidimensional poverty

NI.III'iﬁDn Years of schoolini School attendance Child monali Cookll‘li fuel Houslni Sanitation Eleﬁﬂci Dl'il‘lkil'li water Assets

MPI  Note: the lower MPI values represent a better performance regarding multidimensional poverty.
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Policy Recommendations

» Invest in education: Expand access to early childhood and
secondary schooling

» Enhance healthcare systems: Strengthen primary care and
reduce child mortality

» Promote inclusive economic growth: Targeted social programs
to raise GNI

» Encourage gender equality: Bridge gaps in education and
workforce participation

» Integrate environmental sustainability into development
planning
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Conclusion & Next Steps

» HDI strongly linked to GNI, health, and education inc
» Regression model explains ~95.6% of variance in HD
» Top performers maintain holistic development strategie

Next Steps

» Expand model with more variables (e.g., gender inequal
environment, schooling).

» Consider time series forecasting for future HDI predictio
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