~
//,\\

EDISON Project Overview:

Building the Data Science Profession
for Research and Industry

Yuri Demchenko, University of Amsterdam

EDISON 2nd EDISON Data Science Champions

building the data Conference
science profession
15-16 March 2017
EDISON i Education for Data Intensive Universidad Carlos Il de Madrid, Madrid

Science to Open New science frontiers

Grant 675419 (INFRASUPP-4-2015: CSA)




\i/ |
- — Qutline

/ '\
/ \

A Background and motivation
I European initiatives related to Digital Single Market and Digital Skills Agenda
i EDISON building network to promote establishing Data Science profession

A EDISON Data Science Framework (EDSF)

I From Data Science Competences to Body of Knowledge and Model Curriculum
A Data Science Competence Framework: Essential competences and skills
A Education and training focus

i Data Science Body of Knowledge (DS-BoK)

i Data Science Model Curriculum (MC-DS)
I Example Research Data Management Literacy curriculum

A Further developments to formalise EDSF and Data Science profession establishment
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~ EDISON Objectives, Impact and Actions

IMPACT

Objectives
and
Actions

Increase the number of Data Scientisisd
Market for establishing Data Science Profession
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Data Science Competence Framework and Body of Knowledge
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\/ ~ Visionaries and Drivers:
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7'\ Seminal works, High level reports, Activities

The Fourth Paradigm: Data-Intensive Scientific Discovery.

By Jim Gray, Microsoft, 2009. Edited by Tony Hey, Kristin Tolle, et al.
http://research.microsoft.com/en-us/collaboration/fourthparadigm/

Riding the wave: How Europe can gain from
the rising tide of scientific data.

" Final report of the High Level Expert Group on
e Scientific Data. October 2010.
A i http://cordis.europa.eu/fp7/ict/e-
e infrastructure/docs/hlg-sdi-report.pdf

PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

The Data Harvest: How
sharing research data
can yield knowledge,
jobs and growth.

An RDA Europe Report.
December 2014

https://rd-alliance.org/data-
harvest-report-sharing-data-
knowledge-jobs-and-growth.html

@ ) Research Data Sharing
7 without barriers

conta atuance  https://www.rd-alliance.orqg/

HLEG report on European
Open Science Cloud

(October 2016)

Emergence of Cognitive Technologies
(IBM Watson and others)
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-~ — Recent European Commission Initiatives 2016

Digitising European Industry: Reaping the full benefits of a Digital Single Market.
COM(2016) 180 final, Brussels, 19.4.2016

A The need for new multidisciplinary and digital skills in particular Data Scientist
I Expected rapidly growing demand will lead to more than 800 000 unfilled vacancies by 2020

European Cloud Initiative - Building a competitive data and knowledge economy in
Europe, COM(2016) 178 final, Brussels, 19.4.2016
A European Open Science Cloud (EOSC) and European digital research and data

infrastructure

i To offer 1.7 million European researchers and 70 million professionals in science and technology
open and seamless services for storage, management, analysis and re-use of research data

A Address growing demand and shortage of data-related skills

A New Skills Agenda for Europe, COM(2016) 381 final Brussels, 10.6.2016

A Addresses the need for digital and complementary skills, ensure young talents flow into
data driven research and industry

A Launch Digital Skills and Jobs Coalition (1st December 2016, Brussels) to develop
comprehensive national digital skills strategies by mid-2017
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_\\ | /;_ HLEG report on European Open Science Cloud
(October 2016) T Demand for Data Scientists/Stewards
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Realising the European Open Science Cloud. First report and
recommendations of the Commission High Level Expert Group on the
European Open Science Cloud, October 2016

https://ec.europa.eu/research/openscience/pdf/realising_the european_open_science_cloud 2
016.pdf

A Definition of the Data Steward as a distinctive role and profession
I Core Data Experts need to be trained and their career perspective improved
A Estimation: More than 80,000 data stewards to serve 1.7 min scientists in Europe

(1 per every 20 scientists)
I Based on 5% grant funding for Data management and preservation

A Clash of cultures between domain specialists and e-Infrastructure specialists
(i.e. IT/Computer Science)
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— OECD and UN on Digital Economy and Data Literacy
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OECD
A Demand for new type of i d y n a mirees ksielllfi ng wor |

A Continuous learning and professional development to become a
shared responsibility of workers and organisations

[ref] SKILLS FOR A DIGITAL WORLD, OECD, 25-May-2016
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=DSTI/ICCP/11S(2015)10

/EINAL&doclLanguage=En

UN

A Data Revolution Report "A WORLD THAT COUNTS" BT oS
Presented to Secretary-General (2014) o2 e
http://www.undatarevolution.org/report/ e (C\\

A Data Literacy is defined as key for digital revolution o N

. " ~OS O\Q
A Data literacy = critically analyse data collected and I

data visualised
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> Approach

/ \

A Task is not for one project i Need collaboration
A Task is not for science only in isolation from industry

A Needs strong conceptual approach
I Use science to solve the problems of science

A Standardisation is an important factor of sustainability and
development
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-~ — EDISON Network and Engagement Activity (1)
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A Cooperative relations and exchange of developments with RI
projects
i ELIXIR, CORBEL/RItrain, EUDAT, ENVRI
i FOSTER2, EOSCpilot

A Cooperation with Big Data and Data Science projects
i EDSA, BDVA

A Active contribution to the Research Data Alliance (RDA)

activities

I RDA IG on Education and Training on Handling Research Data (IG-

ETHRD)
BoFs and proposed WG on Certification and accreditation,
Proposed WG on Text Data Mining
Proposed WG on Research Data Management Curriculum
BoF on Data Champions
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-~ — EDISON Network and Engagement Activity (2)

A Workshops to promote a common approach towards addressing growing demand
for Data Science and critical data competences and skills as required by
European Research Infrastructures (RI), future European Open Science
Cloud (EOSC) and generally European Digital Single Market (DSM).
I Joint EDISON and EC workshopiDat a I nfrastructure
Skills Framework: a European and GIl o
February, 2016)

I Joint IEEE, STC CC and RDA Workshop on Curricula and Teaching Methods
(DTW2015 and DTW2016 collocated with IEEE CloudCom)

A EDISON initiated a set of national action meetings to address Data
Science and digital skills by bringing together key stakeholders from
universities, employer associations, and government

I Afirst workshop jointly organised by the EDISON project and Dutch Ministry

of Education, Culture and Science in June 2016 (during Netherlands
Presidency in EU)
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-~ — EDISON Network and Engagement Activity (3)

A European and international standardisation bodies and professional
organisations

I CEN TC426 Committee (former e-Competence Framework e-CFv3.0 workshop)
I ESCO (European Skills, Competence, Occupations)

I CEPIS and association ICT Professionalism Europe (co-signed 21 Nov 2016,
Amsterdam)

A EDISON Booth at the Launch event of the Digital Skills and Jobs
Coalition: Boosting Europe's Digital skills, 1 December 2016, Brussels
I Part of actions toward European Digital Single Market (DSM) and
A Contribution to International standardization bodies, professional
organisations and initiatives
I Business Higher Education Forum (BHEF) in USA

I DARE project for APEC (Asia Pacific Economic Cooperation) to develop a Data
Analytics checklist for APEC countries

I Data Science Curriculum Meeting of Professional and Academic Societies in
USA (4 March 2017, Alexandria) including ACM
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EDISON Data Science Framework (EDSF)

. T .

EDISON Framework components

CF-DS 1 Data Science Competence Framework
DS-BoK i Data Science Body of Knowledge
MC-DS 1 Data Science Model Curriculum

DSP 1 Data Science Professional profiles

Data Science Taxonomies and Scientific
Disciplines Classification

EOEE - EDISON Online Education Environment

/'\ Release 1, October 2016

P e — e — e —,

: 5| DS-BoK . - | EDISON Online : gﬁ;dangiﬁ‘t

; A MC-DS | - “| Educational Environ I iy
_ < > I I - _ ACommunity
. |CF-DS 3 — - j Portal (CP)

! . Taj;(onomy and 1 ~ I AProfessional
: > Vocabulary : I Edu&'!'ram Marketpltz BN certlflcaflon

: <> A . and Directory =~ 7| AData Science
. Data Science : e — s — s career & prof
| Framework DS Prof Profiles ! > development

Methodology

A Job market study, existing practices in
academic, research and industry.

A Compliance with related standards

A Review and feedback from the ELG, expert
community, domain experts.

A Input from the champion universities and
community of practice.
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-:/ |\:— Data Scientist definition

Based on the definitions by NIST Big Data WG (NIST SP1500 - 2015)

A A Data Scientist is a practitioner who has sufficient
knowledge in the overlapping regimes of expertise in oo o™
business needs, domain knowledge, analytical skills, ‘
and programming and systems engineering expertise to
manage the end-to-end scientific method process

through each stage in the big data lifecycle CNGINEERIS
i é Till the delivery of expect
to science or industry

JfANALYTIC aj GORITHMS
SYSTEMS *

[ref] Legacy: NIST BDWG
A Other definitions to admit such features as definition of Data Science

I Ability to solve variety of business problems
I Optimize performance and suggest new services for the organisation
i Develop a special mindset and be statistically minded, understand
raw dataandiappreci ate data as a first class produc

A Data science is the empirical synthesis of actionable knowledge and technologies required to
handle data from raw data through the complete data lifecycle process.

A Big Data is the technology to build system and infrastructures to process large volume of
structurally complex data in a time effective way
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Data Science Competence Groups - Research

Analyse
Data

—

{ RESEARCH Data
DOMAIN [ MODELS Science
EXPERTISE —

. ANALYTICS
Design
Experiment
g PROCESSES ANALYTIC \
ALGORITHMS SYSTEMS |
Data

Data Science Competence
includes 5 areas/groups

A Data Analytics

A Data Science Engineering
A Domain Expertise

A Data Management

A Scientific Methods (or Business
Process Management)

Scientific Methods

~ 4 A Design Experiment
Identify A Collect Data
Patterns A Analyse Data

A Identify Patterns
A Hypothesise Explanation

Managemen Data Science
ENGINEERING

g

Test
Hypothesis

Hypothesise

£ ‘ Explanation
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= — A Test Hypothesis
Scientific

Methods N Business Operations

" \’ A Operations Strategy
A Plan

Business Process A Design & Deploy
Management

: A Monitor & Control
(for biz competences) _
A Improve & Re-design
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- — Data Science Competences Groups i Business
/\

Data Science Competence
includes 5 areas/groups

A Data Analytics

A Data Science Engineering
A Domain Expertise

A Data Management

A Scientific Methods (or Business
Process Management)

[ RESEARCH Data

DOMAIN B MODELS Science Scientific Methods
EXPERTISE ——_  ANALYTICS

A Design Experiment

A Collect Data

A Analyse Data

A Identify Patterns
Modelling A Hypothesise Explanation
A Test Hypothesis

PROCESSES ANALYTIC

L ALGORITHMS SYSTEMS
Monitoring

Data Science

ENGINEERING Business Process

Business Process Operations/Stages
Management A Design

A Model/Plan
&' Research Methods A Deploy & Execute
| (for biz competences) A Monitor & Control

A Optimise & Re-design
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-~ — |dentified Data Science Competence Groups

e
Data Management [DataScienceEngineeringResearch/Scientific Methods Data Science Domain
(DSDM) [
o Use appropriate Develop and Use engineering Create new understandings and Use domain knowledge
statistical techniques implement data principles to research, capabilities by using the scientifi (scientific or business) to
and predictive management design, develop and method (hypothesis, develop relevant data analytics
analytics on available strategy for data implement new test/artefact, evaluation) or applications, and adopt genere
data to deliver collection, storage, instruments and similar engineering methods to Data Science methods to
insights and discovel preservation, and  applications for data discover new approaches to domain specific data types anc
new relations availability for collection, analysis and create new knowledge and presentations, data and proces
further processing. management achieve research or models, organisational roles
organisational goals and relations
1 DSDAO1 DSDMO0O1 DSENGO01 DSRMO01 DSBPMO1
Use predictive Develop and Use engineering principle Create new understandings and Understand business and provide
analytics to analyse bi¢ implement data to design, prototype data capabilities by using scientific/ insight, translate unstructured
data and discover new strategy, in particular, analytics applications, or research methods or similar domail business problems into an abstra
relations Data Management develop instruments, relateddevelopment methods mathematical framework
Plan (DMP) systems
2> DSDAOQ2 DSDMO02 DSENGO02 DSRMO02 DSBPMO02
Use statisticalechniq  Develop data models Develop and apply Direct systematic study toward a  Participate strategically and
to deliver insights including metadata ~ computational solutions  fuller knowledge or understanding tactically in financial decisions
of the observable facts
3 DSADAOA3 DSDMO03 DSENGO03 DSRMO03 DSBPMO03
5S@PSft 2LJ & LJ Collectintegrate data Develops specialized tool Undertakes creative work Provides support services to othe
4 DSDAO4 DSDMO04 DSENGO04 DSRMO04 DSBPMO04

Analyzecomplex data Maintain repository  Design, build, operate Translate strategies into actions Analyse data for marketing

5 DSDAO5 DSDMO05 DSENGO05 DSRMO05 DSBPMO05
Use different analytics Visualiseemplxdata Secure and reliable data Contribute to organizational goals Analyse optimise customeelatio
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- Identified Data Science Skills/Experience Groups
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A Group 1: Skills/experience related to competences
i Data Analytics and Machine Learning

i Data Management/Curation (including both general data management and scientific data
management)

i Data Science Engineering (hardware and software) skills

i Scientific/Research Methods or Business Process Management

i Application/subject domain related (research or business)

I Mathematics and Statistics
A Group 2: Big Data (Data Science) tools and platforms

i Big Data Analytics platforms

I Mathematics & Statistics applications & tools

i Databases (SQL and NoSQL)

i Data Management and Curation platform

i Data and applications visualisation

i Cloud based platforms and tools
A Group 3: Programming and programming languages and IDE

I General and specialized development platforms for data analysis and statistics
A Group 4: Soft skills or Social Intelligence

i Personal, inter-personal communication, team work, professional network
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- — Practical Application of the CF-DS
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A Basis for the definition of the Data Science Body of Knowledge
(DS-BoK) and Data Science Model Curriculum (MC-DS)

I CF-DS => Learning Outcomes (MC-DS) => Knowledge Areas (DS-BoK)
I CF-DS => Data Science taxonomy of scientific subjects and vocabulary

A Data Science professional profiles definition

I Extend existing EU standards and occupations taxonomies: e-CFv3.0,
ESCO, others

A Professional competence benchmarking
I For customizable training and career development
I Including CV or organisational profiles matching

A Professional certification
i In combination with DS-BoK professional competences benchmarking

A Vacancy construction tool for job advertisement (for HR)
I Using controlled vocabulary and Data Science Taxonomy
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— Individual Competences Benchmarking

MATCHING 7T COMPETENCE PROFILES
#::DSP04 - Data Scientist f:Candidate - Data Scientist
DSDAO1
DSBPMO6 _ T-—rma. DSDAG2
DSBPMOS,. T .. DSDAO3
DSBPM04 o .| DSDAO4
DSBPMO3," *.| DSDAOS
DSBPMO2," *] DSDAOE
DSBPMO1; ’:_ DSDMO1
DSRM06 { i DSDMO2
DSRMO5 i DSDMO3
DSRMO4 f, .:' DSDMO04
DSRMO3(", < DSDMO5
DSRMO2]-., " DSDMO06
DSRMOZ**-.. .+ DSENGO1
DSENGOS™*rve . .-+ DSENGO2
DSENGQ5 ~*"***==="* DSENG03
DSENG04

DSci ChampConf March 2017

Individual Education/Training Path
based on Competence benchmarking

A Red polygon indicates the chosen
professional profile: Data Scientist
(general)

A Green polygon indicates the candidate or
practitioner competences/skills profile

A Insufficient competences (gaps) are
highlighted in red
T DSDAO17 DSDAO6 Data Science Analytics
T DSRMO1 7 DSRMO05 Data Science Research
Methods
A Can be use for team skills match marking and
organisational skills management

[ref] For DSP Profiles definition and for enumerated
competences refer to EDSF documents CF-DS and DSP
Profiles.
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_f\'//__ DSP Profiles mapping to ESCO Taxonomy
/'\ High Level Groups

Production and Profile ID | Data Science Profile title
)| Managers I—) specialised services —> Data Science Se fr

managers DSP01 Data Science (group) Manager
DSP02 Data Science Infrastr Manager
S ZE Research Infrastructure Manager

. N Science and > [T ———
Profess|0na IS == . . Data Scince Professionals
| Fﬁ_g%g;?grl‘g?s ESIY Data Scientist 3

— FSTE Data Science Researcher 4
o Data Science Architect 3
5' DSP07 Data Science Applic Programmer 4
= Data Analyst 4
— - DSP09 Business Analyst

> Data Science

= = technology PSS Data Stewards

8 professionals Digital data curator 1 2

o b i 52V Digital Librarians

é Data tase i n Data Archivists

> networ
F f H I .
professionals DSP14 Large scale database designer
8 — Large scale database admin
A Technicians Data Science FS3T3 Scientific database administrator
Ll > 3 nd associate > technologv mmma Data Infrastructure engineers and technicians
e e professionals Big Data facilities Operator
Large scale data storage operator

m Scientific database operator

General and Data handling and mmEa Data and information entry and access
key board ”| support workers LEZI0N Data entry/access worker
= |e I’kS Data entry field workers 2

1
DSP22 User support data services 3 2

A DSP Profiles mapping to corresponding CF-DS Competence Groups

T  Relevance level from 517 maximumto 1 7T minimum
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-~ — Education and Training

A Foundation and methodological base

I Data Science Body of Knowledge (DS-BoK)
A Taxonomy and classification of Data Science related scientific subjects

I Data Science Model Curriculum (MC-DS)

A Set Learning Units mapped to CF-DS Learning and DS-BoK Knowledge
Areas/Units

I Instructional methodologies and teaching models
A Platforms and environment
I Virtual labs, datasets, developments platforms
I Online education environment and courses management
A Services
I Individual benchmarking and profiling tools (competence assessment)
I Knowledge evaluation tools
I Certifications and training for self-made Data Scientists practitioners
I Education and training marketplace: Courses catalog and repository
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- — Data Science Body of Knowledge (DS-BoK)

DS-BoK Knowledge Area Groups (KAG)

A KAG1-DSA: Data Analytics group including
Machine Learning, statistical methods,
and Business Analytics

KAG2-DSE: Data Science Engineering group
Including Software and infrastructure engineering

KAG3-DSDM: Data Management group including data curation,
preservation and data infrastructure

KAG4-DSRM: Scientific/Research Methods group
KAG5-DSBP: Business process management group

o o Do D»

To

Data Science domain knowledge to be defined by related expert groups
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