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Executive summary 
This document contains an overview and analysis of available educational and training resources 
covering Data Science and related subjects. It is important to understand the current state of Data 
Science education to properly plan what areas should be addressed in later work on Model Currricula, 
Community Portal and other EDISON tasks. The inventory of resources that was created in this task 
has  a value of its own for the community and it paves the way for a common interchange format 
about programs and courses in Data Science with external partners, such as RDA, Elixir, CODATA, etc. 
 
The primary focus of our analysis were academic programs, but academic and industrial courses, 
books, and other training materials where included when relevant. The initial iteration was gathered 
by WP2 partners in collaboration with partner universities (including Champion universities) and also 
with contributions from the ELG and RDA IG-ETRD. The resulting inventory was then made publicly 
available  which lead to its extension both in terms of the amount of entries and also their quality. As 
a result, the EDISON Inventory is already one of the most comprehensive catalogue of information on 
available educational resources in Data Science and related subjects. The inventory analysis so far 
suggests that existing programs are poorly balanced w.r.t. Data Science competence groups and one 
of the reasons might be the lack of cross-department collaboration in creating the programs. Learning 
outcomes are seldom specified and even when they are present, educational theory �~���X�P�X�� ���o�}�}�u�[�•��
taxonomy) is usually not considered when defining them. The approach of the analysis and detailed 
results are described in Section 2, Section 3 and Appendices A-C. 
 
We further extended work (started in D2.1) on the taxonomy of Data Science based on Inventory 
analysis, Data Science Competence Framework CF-DS, (D2.1) providing enumerated list of Data 
Science competences by competence groups, an early version of the Data Science Body of Knowledge 
(T2.3), and analysis of skills in job advertisements. The further definition of the Data Science 
professional profiles is complemented with the definition of the corresponding competences 
according to CF-DS competence groups. The extension also reflects differences in the related 
professions like Data Scientist, Data Analyst, Data Engineer, Data Steward, Scientific Data or e-
Infrastructure manager, etc. In relation to CF-DS we defined corresponding learning outcomes specific 
to Data Science and mapped them to the taxonomy. This work is described in Section 4. 
 
Finally, we performed a gap analysis between the current state of Data Science educational offerings 
as expressed by Inventory and requirements originating from CF-DS and learning outcomes. Results 
suggest that the Data Science Model Curriculum should be competence-based and flexible in terms of 
specific technologies and courses. It is necessary to include courses that connect competence from all 
three CF-DS competence groups early in the education process. There should be a focus on 
assessment methods used to achieve a higher level of knowledge necessary for Data Scientists 
(especially on graduate level). Programs should be a result of cross-department collaboration. 
Computing and programming competences together with domain knowledge should be given proper 
coverage, an aspect missing in majority of existing programs. 
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1 Introduction 
This deliverable contains an overview and analysis of available educational and training resources on 
Data Science and related subjects. It also contains a high-level taxonomy of Data Science, including a 
mapping to learning outcomes. 
 
The deliverable and related task descriptions define, in the context of earlier developments in 
EDISON, the following goals for the work described in this document: 

�x to gather data on existing programs, academic and industrial courses, books and also other 
training resources (with primary focus on European offerings, but also covering 
representative inputs from North America, Asia, and other regions); 

�x to ensure the relevance of inventory work in collaboration with external parties, in particular 
ELG and RDA; 

�x to analyse Inventory data to identify common patterns and important gaps based on project 
developments and educational theory in order to provide a basis for Model Curricula, Body 
of Knowledge, and other efforts in the project; 

�x to extend the work on the taxonomy of Data Science by considering existing taxonomies 
beyond ACM, a family of Data Science professions, available education programs, required 
skills as expressed in job advertisement and related domain taxonomies; 

�x to work within the context of education theory by mapping CF-DS and taxonomy to learning 
outcomes. 

 
The deliverable is organized as follows. In Section 2 we describe the work on creating and populating 
the EDISON Inventory. We start by explaining the organization of the Inventory and methods for 
populating it with content. Furthermore, we detail EDISON's initiative to standardize the exchange 
format for Data Science educational offerings, performed in collaboration with RDA, CODATA, Elixir, 
and including inputs from the APARSEN and FOSTER projects. We also describe the ongoing effort of 
providing the Inventory as a community service. The Inventory is hosted online but we also include a 
snapshot in Appendices A-C for illustration purposes. 
 
In Section 3 we describe the analysis of the inventory. We perform quantitative analysis of several 
aspects including: origin, source, coverage of domain knowledge, naming of programs, etc. We also 
perform qualitative analysis of selected degree-giving programs and other resources w.r.t. CF-DS, 
Bloom's taxonomy and constructive alignment. 
 
In section 4 we describe on-going work on Data Science taxonomy. In particular, we discuss how 
different professions from the Data Science family of professions could be addressed in the 
taxonomy. We also create learning outcomes for Data Science programs and courses based on CF-DS 
and taxonomy. 
 
In section 5 we summarize findings from Inventory work and identify gaps in the context of 
requirements resulting from earlier-defined learning outcomes and CF-DS. It leads to a set of 
recommendations for further development of Data Science curricula. 



EDISON_D2.2_Inventory_and_Analysis_v1_final  Page 9 of 91 

2 Inventory 
To best support Data Science education in the future, we first have to fully understand the current 
landscape of existing programs, academic and industrial courses (subjects), and books. There exist 
several lists of programs and courses, some of which we mention later, but they usually only list the 
name of the program and institution. There also seems to be little quality control over inclusion in 
these lists and there is no detailed information on how the programs or courses are actually 
constructed. These shortcomings make it impossible to understand current state of Data Science 
education. For instance, how well various programs cover necessary competences. In this section, we 
describe our work aimed at filling this gap. 
 
Please note that we use the word course to mean a single subject, and the word program to mean a 
set of courses usually leading to a degree or a certificate. It does not mean that this is the only correct 
way that we suggest to the community. Use of these words has geographical connotations and we 
settle on these definitions only for the clarity in EDISON documents. 

2.1 Organization of inventory 
The EDISON inventory resides primarily online to allow for frequent updates. We also present a 
snapshot per submission date of deliverable in appendices of this document for reference.  
 
The EDISON inventory contains information about: 

�x academic programs 
�x academic courses 
�x industrial courses 
�x books 

 
We include MOOCs in our analysis as a part of academic courses, which they usually are. There are no 
full academic programs offered as MOOCs, but we notice early attempts at providing short, focused 
programs. 
 
Industrial course differ from academic by usually being offered by non-academic institutions. They 
also strictly focus on developing technical skills, related to a relatively narrow set of technologies. In 
contrast to academic courses that aim at more general skill development.  
 
The following data elements were collected (when available) for each program: 

1. Name of program 
2. University 
3. Country 
4. Unit (such as faculty or department) 
5. Language of instruction 
6. Level (such as bachelor, master, or doctoral) 
7. Title awarded (if any) 
8. Link to program website 
9. Abstract (short description of the program as provided by university) 

 
All these data are made available publically on the EDISON project website and everybody interested 
is allowed to submit request for updates as  is further described in section 2.4. In addition, we have 
collected the following data that is not published but was also used for analysis: 

10. Contact person (name, email) 
11. Degree of coverage of competence groups (domain knowledge, data analysis, computer 

engineering) 
12. Learning Outcomes (if specified) 

Additional data are a basis for taxonomy work and inventory analysis, described in later sections of 
this report. 
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For academic and industrial courses we have collected: 
1. Organization (university and unit for academic courses) 
2. Course title 
3. Level 
4. Language (academic only) 
5. Link 

 
For books we have collected: 

1. Title 
2. Authors 
3. Main topics and technologies 
4. ISBN 
5. Link 

 
We have collected information about more than 300 programs (divided roughly equally between 
European and non-European), and about more than 100 industrial and academic courses (excluding 
usually those from programs). The Inventory is open for new inputs beyond the duration of this task, 
through EDISON website. 

2.2 Methods for population 
Populating the EDISON Inventory is a continuous process, in which we aim to engage the Data Science 
community in a way that is independent of the interests of any particular organization. Nevertheless, 
it is important to provide an initial critical mass of content, on the one hand to support immediate 
project needs, and on the other hand to position the EDISON Inventory on the forefront of similar 
resources. 
 
The core of the population process was performed through a web search based on a set of keyword 
terms with relation to data science. These terms included, but we're not limited to: data science, 
machine learning, data analysis/analytics, data mining, business intelligence, business 
analysis/analytics. Each entry was analysed w.r.t. its contents to determine whether it should be 
included. At this stage, we focused on the goals of a particular program originating from a description 
and marketing of the program. 
 
Further, the Inventory was extended through a network of partners with knowledge about specifics of 
educational system in various, especially European, countries. Due to language difference such 
offerings might be underrepresented in a general search. Inventory was also presented to the EDISON 
Liaison Group in order to elicit additional contributions. It makes it a useful reference for the 
community and a solid basis in the context of the project to support gap analysis and creation of 
model curricula. Any missing offerings should not qualitatively change the outcomes of the analysis. 
 
We excluded many generic programs in computer science or information science with only minor 
elements of data analysis or domain knowledge. Such programs are unfortunately common in other 
non-curated lists. While such programs might with time develop toward Data Science direction, they 
do not a provide meaningful basis for analysis of actually existing Data Science programs. Finally, we 
excluded many programs not granting a degree. We note that they usually are simply ad-hoc offerings 
with limited importance from a perspective of proper curriculum development. However, a significant 
amount of such offerings provides yet another important signal about the growing importance of 
Data Science education. 
 
While the breadth of the coverage was important, we simultaneously focused on depth of each entry, 
in particular, in analysis of content of each program w.r.t Data Science competence groups and the 
detailed definition of intended learning outcomes (sometimes also called objectives or goals). 
 
The depth and quality of coverage stands in contrast to other existing lists, such as the  �c���}�o�o���P���•���Á�]�š�Z��
Data Science Degrees�^�€�í�•, which is also the most comprehensive. That list offers greater breadth than 
ours since it has been compiled an over longer period of time. At the same time, it allows for non-
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curated inclusion of the programs, what results in large percentage of programs very remotely related 
to data science. Moreover, the coverage of degrees from outside United States (and partially UK) is 
severely limited. Due to the origin of the EDISON project, European offerings were given high priority 
in our work. 
 
Available lists of other types of resources e.g. courses or books, were not nearly as comprehensive as 
program lists. We have created inventory of these resources following similar methodology as applied 
for programs. We are not aware of any other offering comparable to ours. 
 

2.3 Common interchange format 
The goal of this format is to simplify the gathering and publishing of information about courses and 
programs in data science and related domains. It is purposefully very generic to accommodate for a 
wide variety of courses, both regular and one-off. 
 
We included the fields that we consider to be important both for general informational purposes but 
also from the �‰���Œ�•�‰�����š�]�À���� �}�(�� �����µ�����š�]�}�v�� �š�Z���}�Œ�Ç�� ���v���� ���o�]�P�v�u���v�š�� �Á�]�š�Z�� �����/�^�K�E�[�•�� �����š���� �^���]���v������
Competence Framework (CF-DS), Body of Knowledge (CF-���}�<�•�U�� �Z������ ���h�[�•�� �d�Œ���]�v�]�v�P�� �^�‰�����]�(�]�����š�]�}�v�U��
CODATA and Elixir. In case the content for some of the fields might be difficult to obtain for all 
courses and programs, we suggest keeping them in the format but making them optional. 
 
The tables for Courses and Programs are identical except for � N̂ame of Presenter(s)�_ ���v���� �^�Z���o���š������
�W�Œ�}�P�Œ���u�~�•�•�_���š�Z���š are only present in the Courses table, and �^�d�Œ�����l���E���u���_�����v�����^���}�µ�Œ�•�����>�]�•�š�_ that are 
only present in the Program list. 
 
Cross-organization and cross-project agreement on the contents of the interchange format can 
enable a qualitative improvement in sharing information about available programs and courses. In 
order to further facilitate this development we plan to provide an extended technical specification 
with a sample implementation as a part of efforts in WP3. 
 
We identified and reviewed four existing standards to determine to what extent they could cover 
some of identified needs. iCalendar was reviewed based on RFC5545[2]. Schema.org/event was 
reviewed based on schema.org website[3]. XCRI-CAP was reviewed based on a summary spreadsheet 
of PG XCRI-CAP[4]. LRMI was reviewed based on dublincore.net website[5]. 
 
A review of the existing standards demonstrates that no single standard would fully cover all the 
requirements specified by project partners and organizations included during the consultation 
process. In some cases, there is no explicit coverage for a particular field, but there are some closely 
related fields, which is reflected in the presented tables. 
 
It is important to represent relevant information with the iCalendar standard. Such approach would 
facilitate an easy import into various calendar applications common today. 
 
Schema.org/event does not offer advantages over iCalendar. Considering the iCalendar adoption in 
calendar applications, schema.org/event does not seem to be useful for our purpose. 
 
XCRI-CAP covers the majority of requested fields. However, after an initial review, it seems to be a 
fairly complicated standard. Despite the fact most fields we care about are covered, this coverage is 
often indirect or requires additional structures and information which do not seem to be necessary 
for our purpose. The complexity of XCRI-CAP might be a hurdle in adoption, especially for educational 
and training  purposes. 
 
LRMI does not cover as many fields as XCRI-CAP; however, it seems to be more straight-forward to 
use due to its structure and also its relation to widely accepted developments in Dublin Core. 
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In Table 1 we present a list of fields with description for information exchange about courses, in Table 
2 the list for programs is given. First column specifies field name, second whether a particular field is 
mandatory, recommended, or only optional. In further four columns we indicate if information 
carried by the field is already covered in major related standards: LRMI, XCRI-CAP, Schema.org/event, 
and iCal.In the last column a short description is provided. 
 
We recommend that LRMI be extended further, including some form of integration with iCalendar 
simultaneously. As for the semantic specification of such approach, an expert opinion should be 
sought. It is recommended as a part of development of community portal in WP3. 
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Table 1 Fields for information exchange about courses (subjects) 
 

Field Name Mandatory 
Recommended 
Optional 

iC
al 

S
chem

a.or
g/event 

X
C

R
I-C

A
P 

LR
M

I 

Description 

Title Mandatory + + + + A meaningful short title 
Name of Presenter(s) Optional - + - + A person of a list of people delivering the course, with their affiliations 
Organizer Mandatory - + + +/- Institution, company, project organizing the course 
Type of Course Mandatory - - + + �t�����]�v���Œ�U�������������u�]�������}�µ�Œ�•���U���Y 
Related Program Recommended - - +/- - URI(s) to programs(s) this course is a part of 
Location Mandatory + + + - A country and city (or full address) where course takes place, unless online 
Start Date and Time Mandatory + + + - The start date and time of the item (in ISO 8601 date format[6], preferably in UTC with time 

offset to local time zone). 
End Date and Time Mandatory + + + - The end date and time of the item (in ISO 8601 date format[6], preferably in UTC with time 

offset to local time zone). 
URL Mandatory + + + + Link to further information 
Contact Mandatory + +/- +/- - A person/email that should be used for contacting 
Language Mandatory - + + + Language of instruction 
Level Optional - - +/- - Which level of studies following either Bologna[7] or US approach 
Credit Recommended - - + - Recommended for academic courses, including grading system 
Prerequisites Recommended -  - + +/- Required prior knowledge, preferably based on a EDISON Body of Knowledge or Taxonomy 
Target Audience Optional - - - - ���X�P�X���^�•�}���]���o���•���]���v�š�]�•�š�•�_�U���^���]�}�o�}�P�]�•�š�•�_�U���^�����š�����u���v���P���Œ�•�_�U���^�‰�}�o�]���Ç���u���l���Œ�•���]�v���š�Z�����h�<�_�U���}�Œ���}�š�Z���Œ 
Knowledge Areas Recommended - - + +/- Knowledge areas covered by the course, preferably based on a EDISON Body of Knowledge 

or Taxonomy 
Learning Outcomes Recommended - - + +/- Including objectives, preferably based on a EDISON Competence Framework 
Description Recommended + + + + E.g. The course will provide a strong basis in administrative, programing, and algorithm 

design aspects of data intensive systems. 
Registration Deadline Optional - - +/- - The date and time of the item (in ISO 8601 date format, preferably in UTC with time offset 

to local time zone). 
Payment Optional - - + - Use three letter currency symbols (in ISO 4217 format[8]) and payment methods 
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Table 2 Fields for information exchange about programs 
 

Field Name Mandatory 
Recommended 
Optional 

iC
al 

S
chem

a.or
g/event 

X
C

R
I-C

A
P 

LR
M

I 

Description 

Title Mandatory + + + + A meaningful short title 
Track Name Optional - - - - Name of the track within the program 
Course List Recommended - - +/- +/- URI to courses being part of the program, limited to the track if specified 
Organizer Obligatory - + + +/- Institution, company, project organizing the course 
Type of Program Mandatory - - + + �^�µ�u�u���Œ���•���Z�}�}�o�U�������������u�]�����‰�Œ�}�P�Œ���u�U���Y 
Location Mandatory + + + - A country and city (or full address) where the course takes place, unless online 
Start Date and Time Mandatory + + + - The start date and time of the item (in ISO 8601 date format[6], preferably in UTC with time 

offset to local time zone). 
End Date and Time Mandatory + + + - The end date and time of the item (in ISO 8601 date format[6], preferably in UTC with time 

offset to local time zone). 
URL Mandatory + + + + Link to further information 
Contact Mandatory + +/- +/- - Contact information of the responsible party (name, email or phone number) 
Language Mandatory - + + + Language of instruction 
Level Optional - - +/- - The level of studies following either Bologna[7] or US approach 
Credit Recommended - - + - Recommended for academic courses, including grading system 
Prerequisites Recommended -  - + +/- Required prior knowledge, preferably based on a BoK or taxonomy 
Target Audience Optional - - - - ���X�P�X���^�•�}���]���o���•���]���v�š�]�•�š�•�_�U���^���]�}�o�}�P�]�•�š�•�_�U���^�����š�����u���v���P���Œ�•�_�U���^�‰�}�o�]���Ç���u���l���Œ�•���]�v���š�Z�����h�<�_�U���}�Œ���}�š�Z���Œ 
Knowledge Areas Recommended - - + +/- Knowledge areas covered by the course, preferably based on the EDISON Body of 

Knowledge or Taxonomy 
Learning Outcomes Recommended - - + +/- Including objectives, preferably based on the EDISON Competence Framework 
Description Recommended + + + + E.g. The course will provide a strong basis in administrative, programing, and algorithm 

design aspects of data intensive systems. 
Registration Deadline Optional - - +/- - The date and time of the item (in ISO 8601 date format, preferably in UTC with time offset 

to local time zone). 
Payment Optional - - + - Use three letter currency symbols (in ISO 4217 format[8]) and payment methods 
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2.4 Inventory as a community service 
The initial version of the EDISON Inventory was constructed by EDISON partners as an internal tool. However, 
to extend the �]�v�À���v�š�}�Œ�Ç�[�•�� �]�u�‰�����š�� ���v���� �]�u�‰�Œ�}�À���� �]�š�•�� �‹�µ���o�]�š�Ç�� �]�š�� �Á���•��advantageous to publish it online in an 
interactive version. This way the Data Science community can not only get a better overview of existing 
resources, but also directly contribute to this shared asset. 
 
The EDISON website displays information about University and other programs that have been captured in this 
task, as is presented in Figure 1. Programs can currently be found under the top-level menu: Library/Discussion 
documents as a University program list. This may change over time as the website evolves but it will be easy to 
locate. 
 

 
Figure 1 Location of university program list 

 
By default, the screen currently displays the first page of a list of all courses that have been recorded in the 
system. This list can be paged through using the navigational buttons on the screen. The list can be filtered 
using two filters: country and language, where language refers to the language in which the course is delivered, 
presented in Figure 2. Users can also perform a search using the title field.  
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Figure 2 University programs list with filtering options 
 

Clicking on the title of a particular item in the list brings up the details of the course, presented in Figure 3. For 
editors of the system, �š�Z�����o�]�•�š�������v���������µ�‰�����š���������Ç���������]�v�P���u�}�Œ�������}�v�š���v�š���}�(���š�Z�����š�Ç�‰�����^�h�v�]�À���Œ�•�]�š�Ç���‰�Œ�}�P�Œ���u�•�_�X���h�•���Œ�•��
with the appropriate rights can create this content type and fill in the fields. To edit or remove existing 
material, �����]�š�}�Œ�•���v���������š�}���•���o�����š�����}�v�š���v�š�����v�����(�]�o�š���Œ���š�Z�����o�]�•�š���}�(�����o�o�����}�v�š���v�š���]�v���š�Z�����•�Ç�•�š���u���š�}���À�]���Á���}�v�o�Ç���^�h�v�]�À���Œ�•�]�š�Ç��
�W�Œ�}�P�Œ���u�•�_, presented in Figure 4. Material can also be filtered by content status. For non-admin/editor users of 
the site there will be a request to email us with suggestions for changes and additions. 
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Figure 3 Details of a program in the Inventory 
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Figure 4 Adding a new program to Inventory 
 

  
 

Figure 5 Filtering university programs for editing 
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2.5 Summary 
In this section we described the process of creating EDISON Inventory of Data Science education resources. 
Main focus of Inventory was on academic programs because analysis of existing programs is an important 
component for designing Model Curricula. We also included other resources such as academic and industrial 
courses, which become useful in further work in WP3. 
 
At the same time, we started work on an exchange format for information about Data Science education and 
training, with partners including RDA, CODATA and Elixir. An agreement was reached regarding necessary 
fields. Generic standards for educational information exchange were identified and reviewed to determine to 
what extent they could cover our needs. Based on this analysis we recommend extending LRMI (Learning 
Resource Metadata Initiative) standard in further work in WP3. 
 
Finally, Inventory of programs was published as a service to Data Science community. It is also open for 
correction and inclusion of new entries. 
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3 Inventory Analysis 
This section describes common conceptual elements and gaps among the present educational offerings in the 
EDISON Inventory and compares it with requirements given by the Data Science Competence Framework (CF-
DS) from T2.1. Identified gaps are subsequently analysed ���v���� �Œ���(�}�Œ�u�µ�o���š������ �µ�•�]�v�P�� ���o�}�}�u�[�•�� �d���Æ�}�v�}�u�Ç�� �}�(��
Learning to ensure complete coverage of cognitive domains �t from remembering to creating. We also suggest 
appropriate forms of teaching-learning activities and examination forms for various competences based on the 
theory of Constructive Alignment. 
 
The analysis presented in this chapter is based on the initial population of the Inventory. Thanks to the 
interchange format and community portal to be developed in WP3, the contents of the Inventory will be 
extended and the analysis can be updated. The update can serve two purposes. First, it will provide an even 
deeper picture of the Data Science domain; second, by comparison it can show developments in the domain, 
measuring the impact of EDISON and other initiatives. 

3.1 Competence framework and other basis for analysis 

3.1.1 Data Science Competence Framework  
The basis for quantitative analysis of entries in the EDISON Inventory is the Data Science Competence 
Framework (CF-DS) originating in the EDISON Deliverable 2.1 � D̂ata Scientist Competences and Skills 
Framework (CF-DS) and BoK definition (first version)�_�X��In particular, we have related the contents of programs 
in the Inventory with the Data Science Competence Groups as defined in Section 4.4 of the aforementioned 
deliverable and visualized in Figure 8(a) there. We reproduce that visualization for reference in Figure 6. 
 

 
 

Figure 6 Data Science competence groups for general or research oriented profiles 
 
We analysed the curriculum of each program in the inventory, including: definition of the program, list of 
courses, and definition of courses where available. Outputs were mapped to the three main DS competence 
groups: Data Science data analytics (mostly related to applied statistics), Data Science engineering competence 
(relating mostly to computer and software engineering), and and domain expertise. Each course might at the 
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same time cover more than one domain to a certain extent and that  was also taken into account. Available 
data did not allow more detailed classification, especially, regarding scientific methods and data management. 
Most of the programs and courses, unfortunately do not contain specific information on competences or 
learning outcomes. 
 
In principle, we should expect roughly equal coverage of each competence group. Balance in covering 
competence groups is a key to educating successful data scientist. Small differences in coverage are natural. 
We observed that the difference between the most and least covered competence group cannot exceed 20 pp. 
(percent point) in order for the whole program to still be able to well cover the whole Data Science spectrum. 
This difference should preferably be even lower, but we thought that a stricter criterion would be misleading at 
this early stage of Data Science curriculum design. Between 20 pp. and 30 pp. we classified programs as having 
a small imbalance. If the difference exceeds 30 pp. it means usually that one of the competence groups is not 
covered at all or to a minimal extent, while another exceeds 60%. We classified such programs as having 
significant imbalance. 
 
Considering the infrequent explicit definition of competence and learning outcomes in current programs, the 
analysis as presented here is an approximation. At the same time, given the large amount of programs analyzed 
and and our classification into three simple competence groups, the analysis can be considered meaningful as 
long as one is careful about what type of conclusions they drawn from it. 
 
All the results are presented as a 2 digit percentage due to convenance. However, quantitative differences of 
just a few percent points should not be over-interpreted. The focus should be on qualitative differences. The 
analysis presented in the following subsections follows this recommendation. In addition to curriculum aspects 
we also investigated the source of programs, their naming and types of offered degrees. 

3.1.2 ���o�}�}�u�[�•���d���Æ�}�v�}�u�Ç 
���o�}�}�u�[�•�� �š���Æ�}�v�}�u�Ç��provides a conceptual framework to organize levels of learning of a topic or subject, and 
assignes action verbs to each level that help to understand activites related with particular level of learning. For 
instance students start at the knowledge level when they can name and identify relevant technologies. The 
further move to comprehension level when they can explain how technologies work. They can then move to 
application level when they can choose right technology to solve a problem. Further they can progress to 
analysis, synthesis, and finally evaluation levels. Below example shows typical attributes of the different level of 
learning and example questions testing this level, levels are organized in Figure 7. 
 
Knowledge 

Exhibit memory of previously learned materials by recalling facts, terms, basic concepts and answers 
Knowledge of specifics - terminology, specific facts 
Knowledge of ways and means of dealing with specifics - conventions, trends and sequences, classifications 
and categories, criteria, methodology 
Knowledge of the universals and abstractions in a field - principles and generalizations, theories and 
structures 
Questions like: What are the main benefits of implementing Big Data and data analytics methods for 
organisation? 

 
Comprehension 

Demonstrate understanding of facts and ideas by organizing, comparing, translating, interpreting, 
describing, and stating the main ideas 
Translation, Interpretation, Extrapolation 
Questions like: Compare the business and operational models of private clouds and hybrid clouds. 

 
Application 

Using new knowledge. Solve problems in new situations by applying acquired knowledge, facts, techniques 
and rules in a different way 
Questions like: What data analytics methods should be applied for specific data types analysis or for 
specific business processes and activities Which Big Data services architecture is best suited for medium 
size research organisation or company, and why? 
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Analysis 
Examine and break information into parts by identifying motives or causes. Make inferences and find 
evidence to support generalizations 
Analysis of elements, relationships, organizational principles 
Questions like: What data analytics methids and services are required to support typical business 
processes  of a web trading company? Give suggestions how these services can be implemented with the 
selected data analytics platform, including on-premises or outsoured to cloud. Provide references to 
support your statements. 

 
Synthesis 

Compile information together in a different way by combining elements in a new pattern or proposing 
alternative solutions 
Production of a unique communication, a plan, or proposed set of operations, derivation of a set of 
abstract relations 
Questions like: Describe the main steps and tasks for implementing data analytics and data managemen 
services for an example company or research organisation? What services and data analytics can be moved 
to clouds and which will remain at the enterprise premises ���v�����Œ�µ�v�����Ç�����}�u�‰���v�Ç�[�•���‰���Œ�•�}�v��l? 

 
Evaluation 

Present and defend opinions by making judgments about information, validity of ideas or quality of work 
based on a set of criteria 
Judgments in terms of internal evidence or external criteria 
Questions like: Do you think that implementing Agile Data Driven Enterprise model creates benefits for 
enterprises, short term and long term? 

 

 
 

Figure 7 Simple Bloom's taxonomy 
 
Figure 8 �‰�Œ�}�À�]�����•�� ���}�v�•�}�o�]�������š������ �‰�Œ���•���v�š���š�]�}�v�� �}�(�� �š�Z���� ���o�}�}�u�[�•�� �d���Æ�}�v�}�u�Ç��[13] structure, attributes and action 
verbs that can be effectively used for designing effective curricula and knowledge evaluation.  
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Figure 8 Extended Bloom's taxonomy1 
 

 
When designing Learning Outcomes for a course or program it is essential to ensure that all levels will be 
adequately covered. ���}�v�•�]�����Œ���š�]�}�v�� �}�(�� ���o�}�}�u�[�•�� �š���Æ�}�v�}�u�Ç�� ���•�•�]�•�š�•�� �]�v�•�š�Œ�µ���š�}�Œ�•��both on the design phase of a 
course or program, and during grading process. It is a reliable and simple method to distinguish e.g. between 
familiarity with many concepts and actually being able to use them in a practical setting. 
 
The traditional and still usual approach in science and engineering education is based on a behaviorist or 
objectivist epistemology, in which the student is passively imparted with knowledge by the teacher�X���^�š�µ�����v�š�[�•��
participation in the learning process is limited to memorizing schemes given by the instructor, which are 
assessed through instruments such as examinations and quizzes that measure the degree of conformance to a 
norm instead of actual competences [41]. In contrast, a constructivist epistemology puts the student in the 
center of the learning process as an active participant in constructing knowledge [14]. 
  
Problem Based Learning (PBL) [15, 16] is an alternative approach to instruction based on providing student with 
a non-trivial problem to solve, and  guidance in obtaining the necessary competences. PBL is underlined by a 
constructivist epistemology that emphasizes active student participation in the construction of their knowledge 
from learning activities and motivating them through careful alignment of evaluation activities, leading to a 
concept called Constructive Alignment described by Biggs [18]. Ben-Ari [17] describes the applicability of 

                                                                 
1 CC BY-SA 3.0 K. Aainsqatsi 
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constructivism to computer science education. Despite certain differences in epistemology between computer 
science and other sciences, constructivism is a useful approach to computer science education. 
 
These education concepts provide guidance not only for analysis of the inventory, but also for further definition 
of Learning Outcomes and finally Model Curricula. 
 

3.2 Quantitative analysis of degree-giving programs 

3.2.1 Origin of programs 
Figure 9 presents the distribution of programs in EDISON Inventory across the country of origin. It is important 
to see that lack or underrepresentation of certain countries might mean two different things. First, it might 
simply indicate that Data Science academic offerings in certain countries has not  been yet developed. 
Alternatively, it might indicate that it was not included in the Inventory. This is of particular risk in Europe, 
where discovery of academic resources across borders is difficult due to language differences. It is impossible 
to distinguish between these two reasons at the current stage. 

 

 
 

Figure 9 Origin of European Programs 
 

As explained in Section 2.2 the Inventory is a result of combination of search results together with input from 
EDISON and ELG participants. Results from search give particual weight to programs conductred in English, 
which are naturally most common in UK. At the same time, many partners from e.g. Netherlands and Italy, 
result in good coverage of these countries. 

3.2.2 Source of programs 
Data Science programs can be created by different departments or units. Understanding where the program 
comes from can help to better understand what competences are well represented and what elements might 
require support. 
 
In Figure 10 we present the distribution of the source of the programs among European institutions. The 
majority (38%) of the programs come from various types of Computer Science departments. Business and 
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Management departments are also an important source, with 27%. 14% of programs were created as an effort 
across several department or by a new specialized department. 
 

 
 

Figure 10 Source of European Programs 
 

In Figure 11 we present the distribution of the source of the programs among Non-European institutions. The 
majority (37%) of programs come from Business and Management departments. Computer Sciences are a 
source of only 16% of programs.  
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Figure 11 Source of Non-European Programs 
 

We notice two major differences between European and Non-European programs (mostly influence by US 
institutions). First of all, while Compter Science departments are the main driver behind Data Science programs 
in Europe, outside Europe it is Business and Managment departments. Moreover, outside Europe, there are 
fewer (by 50%) programs coming from across several departments. 

3.2.3 Coverage of domain knowledge 
Each program in the inventory was analyzed in detail to determine to what extent courses in its curriculum 
cover competence groups. Some courses might naturally cover more than one group. In some cases, especially 
in the case of project courses (e.g. master thesis), they might provide coverage of all areas simultaneously. 
Such aspects were accounted for during our analysis.  
 
In Figure 12 and Figure 13 we present the results of the analysis. 59% of European and 50% of Non-European 
programs are significantly imbalanced. This means that one of the competence groups is not covered properly 
or not at all. Additional 14% and 15% of programs respectively have smaller imbalances. Only 27% and 35% of 
the programs respectively could be considered balanced, despite the fact that the threshold we set was 
relatively low. 
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Figure 12 Balance of European Programs 
 

 
 

Figure 13 Balance of Non-European Programs 
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