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The pilot project runs since April 2018 and is part of the «data
Innovation strategy» of the Swiss Federal Statistical Office (FSO).
The pilot project will end in June 2019. The following presentation
does not present the end results of the pilot project.



Overview

Part I:

Part
Part

Introduction
Basic idea of Plausi++
Feedback mechanism
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Employee: A. Meyer
Age: 21
Category: professor

Employee: A. Meyer
Most probable personnel category
at this age is assistant

Delivery to HEI
|I3H WoJ}
>9eqpood

Employee: A. Meyer
Age: 21
Probability for personnel categories:

Prediction
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Data validation / «Plausi»

Manual

(Different solutions)

Based on rules

(Different solutions)

|dea: Automatic recognition

(Enhancing other types of data validation)

Source: CCO Public Domain
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-Higher resource efficiency

-Higher velocity

-Less administrative burden for our data suppliers

-Higher data quality



PHASE: TRAINING
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Pre-Processing

A f'"an
M L DEA:

Old data }
Feature TEA l‘_:éffﬁ‘?ﬂ i
Engineering :

Learn?

Feed a large amount of data
Recognize patterns
Prediction of values

Machine Learning

Machine learning
algorithm

Prediction is not equivalent to explanation or interpretation

ool AR~
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Supervised learning

Recognize patterns

(Source: CCO Public Domain with modifications)
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Machine Learning Supervised learning

Feature
Engineering

Pre-Processing

Predictive model

New data

Predicted data

(Source: CCO Public Domain with modifications)
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Human: Comprehension of the data

Human: Feature Engineering and pre-processing
Human: Choice of appropriate algorithms
Machine: Calculation

Machine: Preparation for final user

Human: Calibration and decisions

Human: Integration into the production environment



Part II:

Basic idea of Plausi++

1) Selection of variables (from a FSO data set)
2) Prediction by ML algorithms of a ‘dependent variable’

3) Comparison between predicted and received data

If deviations: mistake or outlier («<something seems odd», e.g. 21 years old prof.)
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Staff category explained by

sex, FTE, field, age, nationality, university

Dependent variable has 4 classes
P: Professors

U: Lecturers

A: Research assistants

D: Administrative employees

Sic: Partly we use 5 classes in the slides (+W)
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e I T o Observed

0.75 4 Exact Yes 0.69 0.11 0.00 000 A
F 0.80 5. Med. 26 MNo Yes 0.66 0.34 0.00 000 A
F 056 6.Techn. 57 No No 0.06 0.07 0.35 0.52 P

\

Only hypothetic data is shown
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Only hypothetic data is shown

e = R -
Uttt federalda svatistca UST I
Sex FTE |Field Age Swiss Uni Observed | Predicted p(obs|*) p(pred|-)
F 1.000 |5. Medicine 18 TRUE TRUE A D® 0.002 0.996
M 1.000 |5. Medicine 20 TRUE TRUE A DO® 0.002 0.996
F 1.000 |Other 18 TRUE TRUE A D ® 0.007 0.989
F 1.000 |Other 19 TRUE TRUE A D® 0.008 0.988
M 1.000 |5. Medicine 21 TRUE TRUE A D ® 0.009 0.988
F 0.200 |8. Central 34 TRUE | FALSE A DO 0.009 0.987
F 1.000 |8. Central 22 FALSE | TRUE A D ® 0.01 0.987
F 0.900 |8. Central 61 TRUE TRUE P D® 0.007 0.981
M 0.600 |6. Technical 26 FALSE | FALSE D A® 0.011 0.985
F 0.400 |8. Central 31 FALSE | FALSE A D® 0.011 0.984
F 1.000 |5. Medicine 30 FALSE | TRUE A D® 0.012 0.982
F 1.000 |2. Economy 56 FALSE | TRUE A PO 0.005 0.974
M 0.058 |2. Economy 72 TRUE TRUE A ue® 0.004 0.972
F 0.600 |4. Exact 25 FALSE | FALSE D A® 0.014 0.982
F 1.000 |2. Economy 55 FALSE | TRUE A PO 0.005 0.971
F 0.028 |Other 59 TRUE TRUE D Uu® 0.008 0.973
M 0.700 |4. Exact 25 FALSE | FALSE U A® 0.002 0.967
F 0.021 |Other 56 TRUE TRUE A U® 0.004 0.968
M 1.000 |2. Economy 49 FALSE | TRUE A P® 0.006 0.970
M 0.800 |8. Central 36 FALSE | FALSE A DO 0.016 0.980

B¢
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Currently over 94% of accuracy
Instead of 6 variables we have about 1000 variables
5 classes instead of 4

A sufficiently high amount of cases
Relationships between the variables
Meaningful relationships between the variables

Sufficiently ‘good’ data quality In train set
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Necessity of explanation and interpretability

Data suppliers are central
-> Higher data quality and less administrative burden



Employee: A. Meyer
Age: 21
Category: professor

Employee: A. Meyer
Most probable personnel category
at this age is assistant

The person is probably not prof.
but assistant

But why?

Delivery to HEI
|I3H WoJ}
>9eqpood

Employee: A. Meyer
Age: 21
Probability for personnel categories:

Prediction
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So why isn’'t everyone just trying interpretable machine learning?
Simple answer:

It’s fundamentally difficult,

and in some ways, a very new field of research.



Global

sum_ept_PHKATZ Professor.innen_t1
sum_ept_PHATZ_WissenschaftlicheMitarbeitende_t1
sema_5SEMA_tD

Forschung.und. Entwicklung. .FE.
sum_ept_PKHATZ_AdministrativesFPersonal_t1
sum_PHATZ_Betriebspersonal_t1
sum_PHATZ_AdministrativesPersocnal_t1

sum_ept PHATZ_UebrigelDozierende_t1
AMSTSTAT.Auf.Mandatsbasis.angestellt
sum_PHATZ_Uebrigelozierende_t1

sum_PKATZ Professor.innen_t1

EPTQUOTE

ANMATL

sum_ept_PHATZ_ Betriebspersonal_t1
sum_ept_PHATZ_AssistierendeundDoktorierende_t1
FACHL1_&Zentralbersich
sum_PKATZ_Unterstuetzungspersocnal_t1
ANNAIS
sum_PHATZ_WissenschaftlicheMitarbeitende_t1
AMNSTSTAT.Befristet.angestellt

explanation: Variable Im

portance (GBM-Model)

Did the person work as a prof. Last year?

Does/did the person study in that year?
How many % of the work are spent in R&D?

Is the person employed on a mandate/contract?

How many FTE did this person work overall?
When did the person finish A-levels?

Does the person work in the central administration?
When was the person born?

Is the person temporarily employed?

40

Importance

&0

100
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Plausi++

06.6.2019



DALEX Partial Residual Plot: Outcome = P, Case = 101426
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Sic: Without U for
Better overview
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DALEX Partial Residual Plot: Outcome = P, Case = 100269

Sic: Without U for
Better overview
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Latest

Mogliche Erklarungen durch ceteris paribus-Regel

Mdogliche Erklarungen durch ceteris paribus-Regel
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Featurs

LIME: Local Interpretable Model-Agnostic Explanations

Case: 125506 (received as F)
Label: U

Probability: 0.99803
Explanation Fit: 0.42

ANSTSTAT. Auf Mandatsbasis. angestellt is true

EPTQUOTE == 0.27E

Forschung.und. Entwicklung. .FE. <= 0.25

AMNEGTETAT. Befristet. angestellt is false

0.525 < sum_spt PKATZ_Professorinnen_t1 <= 1.080

| I

-0.25 1] 0.25

Case: 125506 (received as F)
Label: P

Probability: 0.00047
Explanation Fit: 0.13

1.25 « sum_PHATZ_Professorinnen_t1 <= 2.50 -
AMSTSTAT Auf Mandstsbaziz.angestellt is trus -

sum_spt_PHATZ WissanzchafticheMitarbaitends 11 <= 0208 .
0o

sum_PHATZ_AdministrativesPersons]_t? <= 1.5

05D -0.25 0.

0.50
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The deeper we get, the more interpretable the result is.
The variables in the innermost layer correspond to the delivered variables.

~. Mo Human in the Loop

T Statistical Institution
iy Human in the Loop

Data Provider
Human in the
Loop

-~
)

~

Ta
The larger the distance from the innermost layer,
the more complex and less interpretable the result.
However, the prediction becomes better.



Case: 12535306 (received as F) Case: 12535306 (received as F)

Layer: No human in the Ioop  rioiieiie: o.50s0s Probability: 0.00047

Explanation Fit: 0.42 Explanation Fit: .13

AMSTSTAT Auf. Mandstsbasis. angsestellt is trus EPFTQUDTE <= 3.2ZTE

1.25 < swm_PHATZ_FProfessorinnen_t1 <= Z.580 -
¥

EFTQUOTE == 0.Z75
Forschung. und. Entwickdeng. . FE. == 0.25

AMSTSTAT Auf.Mandstsbasis. angestellt is trus

AMETETAT.Befristet.angestell = fals= sum_spt_FHATZ WisssnschaftlicheMitarbeitends_t1 <= 0,205

0,525 <= sum_spt_PHATZ Professorinnen_t1 <= 1.050 sum_FHATZ_AdministrativesPsrsonsl_t1 == 1.5

-0.25 [ER ] 025 050 -0.25 [ER ]
Weight
Layer: Stat. Inst. human in the loop B coovore [l Conmasiors
Explanation Fit: D53 Explanation Fit: 022

AMETSTAT. Auf Mandstshasis angestellt i=s trus AMSTETAT Auf Mandastsbasis angestelit is trus

Forschung. wnd . Entwickiuong. . FE. <= 0.25 FACHLT_EZentralbersich is falss

AMSTETAT Befristet. angestellt is falss s=ma_SEMA_sny is falsse

EFTQUOTE <= 0.27T5 EFTQUOTE <= 0.27T5

fnat_AE i= falss W fnat CH_dist is falss
025 . e 0.25 ] -0.25 . e 0.25
Wveight
L ‘h in the | B svccort= [l contragices
ayer: human in the loop _ )
Explanation Fit: 0.30 Explanation Fit: 0.13

AMETSTAT.Auf. Mandstsbasis. angsstelit is trus AMETSTAT.Auf. Mandstsbhasis. angsstelit is trus

AMESTETAT.Befristet. angestell is fal=s=

FACHLT1_EZentralbersich is falss

Fors.chung . uned. Entwickiung. . FE. == 0.

]
in

AMETETAT.Fest. angestellt. . gewsshlt is falss

Lehre. . Grundsusbildung <= 0.25 EFPTQUOTE == 0.2T5

AMNMATU <= 504 Hochschulrechmng is false
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— Prediction works well. Accuracy currently over 94%
— Not anymore 6 but around 1000 variables

— Explanation part ongoing and pioneering work!

— Pilot project until June 2019

— Difficult challenges linked to feedback-mechanism

— Feedback highly appreciated
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Thank you very much for your attention!

Thanks to «Team-DALEX»: Mehmet Aks6zen and Stefan Ruber
Thanks to «Team-LIME»: Elisabeth Kuhn and Laurent Inversin
Thanks to «Team-1T» : Christine Ammann Tschopp
Thanks to our advisor: Prof. Dr. Diego Kuonen

Source: CCO Public Domain with modifications



Distribution of mistakes found

NEW FALSE NEW TRUE

OLD FALSE 75.07% 5.58%

OLD TRUE 17.94% 1.41%

->New plausi found mistakes in 7036 cases!

Dr. Christian Ruiz | Swiss Federal Statistical Office (FSO) Plausi++ 06.6.2019
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Aggregated effects of the plausis

o _
2
[] Rohdaten=0
W Ate Plausi
071
[ Neue Plausi
w
s o 7
=
o
o
=
o
'3
=1
N
= _— _—
c
=]
=
S
é i
1.l . , . o niilin
: - -
8
2
o
0
24

Wiss. Mitarbeiter/i Direktionspers. Professorfin Ubrigelr Doz.

Personalkategorie
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