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Data Cube

Y - objects

27 EU countries

Z – variables

5 variables

T – Time units

11 Years: 2014-2024 

Multivariate Spatio-Temporal Data



Multidimensional Scaling (MDS)

Walesiak M., Dehnel G., Dudek A., Visualisation of linear ordering results using

multidimensional scaling – problems and an overview of studies, Argumenta

Oeconomica, 2025, Vol. 54, No 1, 187-203
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Dimensions with Applications ( IC -SMHD-2016)

M a y  1 8 - 2 1 ,  2 0 1 6 ,  N e v s e h i r ,  T u r k e y



APPROACH 1

• Global standardization – using

mean and standard deviation, 

calculated for the whole period

• MDS separately for each year

• Linear trends for two

coordinates

• Clustering trends
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Conference of 
Classification and Data 
Analysis  Section of the 
Polish Statistical  
Society (SKAD)

O c t o b e r 2 3 - 2 5 ,  2 0 1 7 ,  
K r a k ó w ,  P o l a n d
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APPROACH 2

• Global standardization – using

mean and standard deviation, 

calculated for the whole period

• MDS separately for each year

• Non-linear trends for two

coordinates

• Clustering trends
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APPROACH 3 (NEW)

• Local standardization – using

mean and standard deviation, 

calculated for each period

• MDS separately for each year

• Chain rotation

• Non-linear and linear trends

for two coordinates
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VARIABLES

- Gross domestic expenditure on R & D (GERD) – percentage of GDP, all sectors

- Gross domestic product (GDP) at current market prices – Purchasing power

standard (PPS), per inhabitant

- Total employment – from 20 to 64  years; percentage of total population

- SII – Summary Innovation Index (average of 32 indicators)

- Harmonised Index of Consumer Prices (HICP) – annual average, all-items HICP



ROTATIONS

Year 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Angle

(degrees)
3 -6 -3 2 8 12 12 24 25 27

d(Ct,Ct-1) 3,380 2,566 1,158 0,780 0,773 0,867 0,579 1,357 0,523 0,393
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Prediction vs Actual - for 2023 – Approach 3
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FORECASTS
APPROACH 3

Year 2024 2025 2026

Angle 27 -1 -1

Distance 0,393 0,924 0,637
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APPROACH 4 (NEW)

• Global standardization – using mean and standard 

deviation, calculated for the whole period

• MDS globally for the whole period

• Non-linear trends for two coordinates

• Standardization for each year
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Approach 4

Belgium

Bulgaria

Czechia
Denmark

Germany
Estonia

Ireland

Greece

Spain

France

Croatia

Italy

Cyprus

Latvia Lithuania

Luxembourg

Hungary
Malta

Netherlands

AustriaPoland
Portugal

Romania Slovenia

Slovakia

Finland

Sw eden

Belgium

Bulgaria

Czechia

Denmark

Germany

Estonia

Ireland

Greece

Spain France

Croatia

Italy

Cyprus

Latvia

Lithuania

Luxembourg

Hungary

Malta
Netherlands

Austria

Poland

Portugal

Romania

Slovenia

Slovakia

Finland

Sw eden

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

-2,5

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

 2014

 2024



Prediction vs Actual - for 2023 – Approach 4

Average

error: 0.133
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SUMMARY

Approach 1 2 3 4

Standardization global global local global

MDS local local local global

Tranformation none none rotation none

Trends linear non-linear BE BE

Transformation

of results
trend clustering trend clustering none

local

standardization

Advantage forecasting movement
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