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Executive	Summary	
This	document	is	the	first	deliverable,	entitled	D1.1	“OpenGovIntelligence	Challenges	&	Needs”,	of	the	
first	 work	 package	 of	 the	 OpenGovIntelligence	 project.	 The	 objective	 of	 the	 OpenGovIntelligence	
project	 is	 to	 provide	 a	 holistic	 approach	 for	 the	 modernisation	 of	 Public	 Administration	 (PA)	 by	
exploiting	 Linked	 Open	 Statistical	 Data	 (LOSD)	 technologies	 thus	 stimulate	 sustainable	 economic	
growth	in	Europe	through	fostering	innovation	in	societies	and	enterprises.	

Work	package	one	(WP1)	is	responsible	for	eliciting	the	challenges	and	needs	regarding	political,	legal,	
institutional,	social	and	technical	issues	in	opening-up	and	exploiting	LOSD	for	the	co-production	of	
innovative	data-driven	public	services.	WP1	comprises	four	tasks	with	the	following	objectives:	Task	
1.1	aims	to	review	existing	government	and	other	data	infrastructures,	Task	1.2	aims	to	elicit	needs	
and	expectations	for	service	co-production,	Task	1.3	aims	to	identify	LOSD	challenges	and	needs,	and	
Task	1.4	aims	to	understand	how	PA	can	be	transformed	to	innovation	based	on	better	use	of	data.	

The	methodology	that	was	followed	in	this	deliverable	comprises	the	following	actions:	

• Identifying	 PA’s	 challenges	 and	 needs	 related	 to	 open	 data-driven	 innovation	 and	 public	
service	co-creation.	Towards	 this	end,	a	 thorough	 literature	 review	was	performed	and	an	
online	survey	aiming	at	both	public	and	private	sector	was	organised.	

• Identifying	 technical	 challenges	 and	 needs	 of	 LOSD.	 Towards	 this	 end,	 the	 LOSD	 scientific	
literature	was	studied	and	11	LOSD	top	experts	from	around	the	globe	were	involved.		

• Identifying	users’	challenges	and	needs	regarding	the	exploitation	of	Open	Statistical	Data	that	
are	provided	by	Open	Data	Portals.	Towards	this	end,	we	first	played	the	role	of	a	user	and	
we	 studied	 the	 UK	 Open	 Data	 Portal	 in	 order	 to	 discover	 statistical	 data	 about	 a	 specific	
phenomenon.	 Moreover,	 we	 elicited	 the	 opinion	 of	 developers	 who	 have	 used	 Open	
Statistical	Data	to	create	data-driven	applications.	

• Identifying	 the	 needs	 of	 the	 OpenGovIntelligence	 pilot	 partners	 regarding	 data-driven	
innovation.	 Towards	 this	 end,	 a	 number	 of	 usage	 scenarios	were	 specified.	 The	 scenarios	
describe	the	challenges	of	the	pilots,	the	available	datasets,	and	the	final	data-driven	public	
service	that	the	pilots	want	to	co-produce.		

• Identifying	the	State-of-the-art	of	data	infrastructures.			

These	actions	resulted	in	a	set	of	outcomes	that	will	feed	future	work	in	the	project.	More	specifically,	
the	results	of	this	deliverable	include:	

• PA’s	 challenges	 and	 needs	 regarding	 data-driven	 innovation	 (Section	 4).	 This	 includes	
challenges	such	as	lack	of	political	and	administrative	priority	and	leadership,	incompatibility	
of	 existing	 administrative	 and	 organisational	 cultures	 with	 the	 idea	 of	 co-creation	 and	
resistance	of	public	administrators	to	fundamental	changes.	

• Technical	challenges	and	needs	of	LOSD	that	are	presented	in	the	following	way	(Section	5):	
o A	mapping	and	analysis	of	the	LOSD	state-of-the-art.	This	includes	a	documentation	

of	existing	software	tools,	vocabularies,	architectures,	and	use	cases	that	can	be	re-
used	and	re-purposed	in	the	frame	of	the	project.	

o A	set	of	LOSD	publishing	practices	that	cause	LOSD	interoperability	challenges.	These	
technical	challenges	are	accompanied	by	a	list	of	advantages	and	disadvantages	per	
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practice	based	on	top	experts’	opinions.	These	results	can	feed	the	foreseen	project	
standardisation	activities	 in	WP5,	 so	 that	 the	community	 to	agree	on	a	 list	of	best	
practices	for	LOSD	publishing.			

• Users’	challenges	regarding	the	exploitation	of	statistical	data	as	they	are	provided	through	
major	Open	Data	Portals	(Section	6).	These	challenges	are	presented	in	the	form	of:	

o An	 empirical	 description	 of	 the	 “Open	 Statistical	 Data	 Fragmentation”	 challenge	
based	 on	 the	 analysis	 of	 data.gov.uk.	 In	 summary,	 our	 research	 revealed	 that	
searching	 this	 portal	 for	 useful	 data	 on	 unemployment	 produces	 122	 results	 that	
provide	access	 to	56	 files	 and	610	 links	 to	18	other	portals	 (such	as	 the	Office	 for	
National	Statistics	and	the	National	Archives)	and	by	following	the	relevant	 links	to	
more	than	2,000	other	files.	

o Analysis	of	the	responses	of	24	developers	that	have	exploited	Open	Statistical	Data	
in	order	to	produce	data-driven	applications.	Some	of	the	challenges	that	they	have	
faced	include	interoperability	among	datasets,	the	lack	of	metadata,	and	the	quality	
of	metadata.		

• Usage	scenarios	that	reflect	pilot’s	needs	regarding	data-driven	innovation	in	PA	(Section	7).	
These	scenarios	will	feed	into	WP4	towards	the	development	of	the	evaluation	scenarios.	

• The	state-of-the-art	regarding	open	data	infrastructures	(Section	8).	This	comprises	a	maturity	
model	for	LOSD	and	a	lifecycle	for	data	infrastructures.	
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1 Introduction	
The	aim	of	this	section	is	to	introduce	the	background	of	the	work	pursued	with	WP1	“Challenges	and	
needs	identification”	of	the	OpenGovIntelligence	project.	The	scope	and	the	objective	that	the	current	
document	has	 set	out	 to	achieve	are	presented	 in	 sub-section	1.1.	The	 intended	audience	 for	 this	
document	is	described	in	sub-section	1.2	while	sub-section	1.3	outlines	the	structure	of	the	rest	of	the	
document.		

1.1 Scope	
The	 present	 document	 is	 the	 deliverable	 “D1.1	 -	 OpenGovIntelligence	 challenges	 and	 needs"	
(henceforth,	referred	to	as	D1.1)	of	the	OpenGovIntelligence	project.	The	main	objective	of	D1.1	is	to	
document	the	results	of	the	four	tasks	of	WP1:	

• T1.1	State-of-the-art	of	data	infrastructures	
• T1.2	Elicitation	of	needs	and	expectations	for	service	co-production	
• T1.3	Identification	of	LOSD	challenges	and	needs	
• T1.4	Innovation	in	relation	to	decision	making	

These	 results	will	 then	 feed	 into	 the	 creation	of	 the	OpenGovIntelligence	 Framework	 in	WP2,	 the	
development	of	 the	OpenGovIntelligence	 ICT	 tools	 in	WP3,	and	 the	 specification	of	 the	pilots	 and	
evaluation	plan	in	WP4.	

1.2 Audience	
The	 intended	 audience	 for	 this	 document	 is	 the	 OpenGovIntelligence	 consortium,	 the	 European	
Commission	(EC)	and	those	who	are	interested	in	challenges	and	needs	for	opening-up	and	exploiting	
LOSD	for	the	co-production	of	innovative	data-driven	services	on	governments.	

1.3 Structure	
The	structure	of	the	document	is	as	follows:	

• Section	2	provides	the	basic	background	concepts	that	are	needed	for	the	understanding	of	
the	content	of	this	deliverable.		

• Section	 3	 presents	 in	 detail	 the	 methodology	 that	 we	 followed	 in	 order	 to	 achieve	 the	
objectives	of	the	four	tasks	of	WP1.	

• Section	 4	 presents	 PA’s	 challenges	 and	needs	 regarding	data-driven	 innovation	 and	public	
service	co-creation.	

• Section	5	documents	the	technical	LOSD	challenges.		
• Section	6	presents	users’	challenges	regarding	the	exploitation	of	statistical	data	as	they	are	

provided	through	major	Open	Data	Portals.	
• Section	7	presents	 specific	usage	 scenarios	 that	 reflect	pilot’s	needs	 regarding	data-driven	

innovation	in	PA.	
• Section	8	documents	the	state-of-the-art	regarding	open	data	infrastructures.	
• Finally,	section	9	draws	conclusions.	
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2 Background	

2.1 Open	Government	Data	
The	 term	“Open	Data”	 springs	 from	some	of	 the	 same	 roots	 as	 “Open	Source”	or	 “Open	Access”.	
Although	“Open”	in	software	normally	means	libre	(i.e.	free	in	the	sense	of	having	no	restrictions),	
there	is	an	increasing	movement	towards	using	“Open	Access”	to	mean	gratis	(i.e.	free	in	the	sense	of	
costing	no	money)	and	not	libre.	The	GNU	project	suggests	that	Open	Source	(or	Free)	software	is	a	
matter	of	 liberty,	not	price,	 and	means	 that	 “the	users	have	 the	 freedom	 to	 run,	 copy,	distribute,	
study,	change	and	improve	the	software”.	

For	the	purposes	of	this	deliverable,	open	data	is	as	defined	by	the	OKF:	“data	that	can	be	freely	used,	
re-used	 and	 redistributed	 by	 anyone	 -	 subject	 only,	 at	most,	 to	 the	 requirement	 to	 attribute	 and	
sharealike”.	

We	also	use	the	term	Open	Government	Data	(OGD)	to	refer	to	government	data	in	which	the	open	
data	definition	applies.		

2.2 Open	Statistical	Data	
A	major	 part	 of	 open	data	 concerns	 statistics	 such	 as	 demographics	 and	 economic	 indicators.	 For	
example,	 the	 vast	 majority	 of	 the	 datasets	 published	 on	 the	 open	 data	 portal	 of	 the	 European	
Commission	are	of	statistical	nature.	Major	providers	of	statistics	at	 the	 international	 level	 include	
Eurostat,	World	Bank,	OECD,	and	CIA’s	World	Factbook.	

Statistical	data	is	often	organised	in	a	multidimensional	manner	where	a	measured	fact	is	described	
based	on	a	number	of	dimensions,	e.g.	unemployment	rate	could	be	described	based	on	geographic	
area,	time	and	gender.	In	this	case,	statistical	data	is	compared	to	a	cube,	where	each	cell	contains	a	
measure	or	a	set	of	measures,	and	thus	we	onwards	refer	to	statistical	multidimensional	data	as	data	
cubes	or	just	cubes.	

	
Figure	1	Multi-dimensional	data	modelled	as	a	cube	

A	 data	 cube	 is	 specified	 by	 a	 set	 of	 dimensions	 and	 a	 set	 of	measures.	 The	 dimensions	 create	 a	
structure	that	comprises	a	number	of	cells,	while	each	cell	includes	a	numeric	value	for	each	measure	
of	the	cube.	Let	us	consider	as	an	example	a	cube	from	Eurostat	with	three	dimensions,	namely	time	
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in	years,	geography	in	countries,	and	age	group,	that	measures	the	employment	rate.	An	example	of	
a	cell	in	this	cube	would	de	ne	that	the	percentage	of	unemployed	people	between	25	and	49	years	
old	in	France	in	1999	is	10.2%.	

2.3 Linked	Data	
The	term	Linked	Data	refers	to	“data	published	on	the	Web	in	such	a	way	that	it	is	machine-readable,	
its	meaning	is	explicitly	defined,	 it	 is	 linked	to	other	external	datasets,	and	can	in	turn	be	linked	to	
from	external	datasets”	(Bizer	et	al.,	2009,	p.	2).		

More	specifically,	the	four	Linked	Data	principles	as	described	by	Berners-Lee	(2010)	are	the	following:	

• All	item	should	be	identified	using	URIs;	 	
• All	 URIs	 should	 be	 dereferenceable,	 that	 is,	 using	 HTTP	 URIs	 allows	 looking	 up	  the	 item	

identified	through	the	URI;	
• When	looking	up	a	URI	it	leads	to	more	data,	which	is	usually	referred	to	as	the	follow	your	

nose	principle;	
• Links	to	other	URIs	should	be	included	in	order	to	enable	the	discovery	of	more	data.	

2.4 Linked	Open	Statistical	Data	
The	RDF	Data	Cube	(QB)	vocabulary	(Cyganiak	&	Reynolds,	2014)	is	a	W3C	standard	for	modelling	data	
cubes	as	graphs	and	thus	adhering	to	the	RDF	model	and	Linked	Data	principles.	Centric	class	in	the	
vocabulary	is	qb:DataSet	that	defines	a	cube.	A	cube	has	a	qb:DataStructureDe	nition	that	defines	the	
structure	of	the	cube	and	multiple	qb:Observation	that	describe	each	cell	of	the	cube.	The	structure	
is	 specified	 by	 the	 abstract	 qb:ComponentProperty	 class,	 which	 has	 three	 sub-classes,	 namely	
qb:DimensionProperty,	 qb:MeasureProperty,	 and	 qb:AttributeProperty.	 The	 first	 one	 defines	 the	
dimensions	of	the	cube,	the	second	the	measured	variables,	while	the	third	structural	metadata	such	
as	the	unit	of	measurement.	

Usually	the	values	of	the	components	are	populated	using	predefined	code	lists	that	might	formulate	
hierarchies	such	as	a	geographic	or	administrative	division.	These	code	lists	can	be	specified	by	using	
either	the	Simple	Knowledge	Organization	System	(SKOS)	(Miles	&	Bechhofer,	2009)	vocabulary	or	the	
QB	vocabulary.	SKOS	is	a	W3C	standard	used	for	expressing	the	basic	structure	and	content	of	concept	
schemes	such	as	thesauri,	taxonomies,	and	classification	schemes.	The	set	of	values	is	modelled	as	a	
skos:ConceptScheme	and	a	value	as	a	skos:Concept.	In	addition,	skos:broader	and	skos:narrower	are	
used	to	assert	a	direct	hierarchical	link	between	two	skos:Concepts.	In	case	of	reusing	RDF	data	that	
are	not	modelled	using	SKOS,	 the	QB	vocabulary	 introduced	 the	qb:HierarchicalCodeList	 class	 that	
defines	a	set	of	root	concepts	in	the	hierarchy	(qb:hierarchyRoot)	and	a	parent-to-child	relationship	
(qb:parentChildProperty).		

At	the	moment,	a	number	of	statistical	datasets	are	freely	available	on	the	Web	as	linked	data	cubes.	
For	example,	the	European	Commission’s	Digital	Agenda	provides	its	Scoreboard	as	linked	data	cubes.	
An	unofficial	linked	data	transformation	of	Eurostat’s	data,	created	in	the	course	of	a	research	project,	
includes	more	than	5,000	linked	data	cubes.	Few	statistical	datasets	from	the	European	Central	Bank,	
World	Bank,	UNESCO	and	other	international	organisations	have	been	also	transformed	to	linked	data	
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in	a	third	party	activity.	Census	data	of	2011	from	Ireland	and	Greece	and	historical	censuses	from	the	
Netherlands	have	been	also	published	as	linked	data.	Finally,	the	Department	for	Communities	and	
Local	Government	(DCLG)	in	the	UK	also	provides	local	statistics	as	linked	data.	

	

	

	
Figure	2	The	RDF	data	cube	vocabulary	
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3 Methodology	
In	this	section	we	present	the	methodology	that	we	follow	in	order	to	achieve	the	objectives	of	the	
four	tasks	of	WP1.	Figure	3	presents	the	connections	of	the	four	tasks	of	the	WP	to	the	steps	of	our	
methodology	and	the	respective	sections	of	this	deliverable.	The	steps	are	described	in	detail	in	the	
rest	of	this	section.	The	results	of	the	steps	are	described	in	section	3-7	of	this	deliverable.	

		
Figure	3	Connection	of	WP1	tasks	to	the	sections	of	the	deliverable	

3.1 PA’s	challenges	&	needs	regarding	data-driven	innovation		
The	objective	of	Tasks	1.2	and	1.4	is	to	understand	how	service	co-production	can	be	performed	in	
data-driven	services,	and	understand	innovation	in	relation	to	accountable	decision-making	based	on	
better	use	of	data.	More	specifically,	Task	1.2	aims	at	eliciting	core	needs	and	expectations	for	service	
co-production	 and	 understanding	 how	 the	 co-production	 of	 public	 services	 can	 be	 applied	 to	 the	
production	of	qualitative	data-driven	public	services.	Task	1.4,	on	the	other	hand,	aims	to	realize	how	
public	administration	can	innovate	and	transform	its	decision-making	procedures	based	on	better	use	
of	data.	

Based	on	the	above,	a	study	was	carried	out	to	fulfil	the	objectives	of	Tasks	1.2	and	1.4,	addressing	
the	following	research	questions:	

T1.1

T1.2

T1.3

T1.4

8. Data Infrastructures: 
State-of-the-Art 

4. PA’s challenges and needs 
regarding data-driven innovation

5. Technical challenges and needs 
of Linked Open Statistical Data

5.2 Challenges & needs 
regarding LOSD interoperability

6. Users’ challenges and needs 
regarding Open Statistical Data

6.1 Open Statistical Data 
Fragmentation

6.2 Challenges & Needs of 
Software Developers

7. Pilots’ needs on data-driven 
innovation

Section in the DeliverableTask of the WP

5.1 Linked Open Statistical 
Data: State-of-the-Art 
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1. What	are	 the	core	needs	and	expectations	of	different	stakeholders	 in	 the	data-driven	co-
production	of	public	services?	

2. How	 has	 co-creation/co-production	 been	 used	 in	 the	 design	 and	 provision	 of	 data-driven	
public	services?	

3. What	 drivers	 and	barriers	 affect	 the	 co-creation/co-production	 of	 open	data-driven	 public	
services?	

4. What	are	stakeholders’	expectations	to	public	administrations	with	regard	to	innovating	and	
transforming	their	decision-making	procedures	based	on	better	use	of	data?	

5. What	policy	solutions	and	 initiatives	could	be	taken	to	 foster	 the	co-creation	of	 innovative	
services	driven	by	the	use	of	open	data?	

The	methods	used	 in	data	collection	and	analysis	were	qualitative	 in	nature.	The	research	process	
consisted	of	the	following	steps:	

1. Literature	review	(March-May	2016)	

2. Elaboration	of	a	written	interview/survey	questionnaire	(March	2016)	

3. Ethics	application	and	approval	(April	2016)	

4. Recruitment	of	participants	(April-May	2016)	

5. Dissemination	of	interview/survey	questionnaire	(May	2016)	

6. Collection	of	responses	(May-June	2016)	

7. Analysis	of	responses,	synthesis	of	literature	review	and	survey	results	(June	2016)	

8. Documentation	of	results	(June	2016)	

As	 the	 first	 step	of	 the	 research,	a	 review	of	 relevant	 literature	on	 the	 topics	of	open	data,	public	
service	 co-production	 and	 co-creation,	 public	 sector	 innovation,	 data-driven	 decision-making	 and	
other	related	topics	was	carried	out.	The	aim	of	the	literature	review	was	to	understand	the	way	in	
which	these	concepts	have	been	defined	and	addressed	in	literature,	and	develop	working	definitions	
of	the	concepts	for	the	purposes	of	the	OpenGovIntelligence	project.	The	review	included	academic	
articles	from	databases	such	as	Scopus/Elsevier,	SpringerLINK	as	well	as	Google	Scholar	and	to	some	
extent	also	“grey”	literature	(relevant	working	papers	and	European	Commission	reports).	

Most	of	 the	publications	 found	were	from	the	year	1995-2016.	They	were	further	narrowed	down	
considering	 the	 focus	 of	 the	 OpenGovIntelligence	 project	 and	 direct	 relevance	 to	 the	 project.	
Altogether	91	academic	and	policy	reports	were	found	relevant	and	were	synthesised.	In	addition,	the	
conclusions	 of	 an	 extensive	 systematic	 literature	 review	 of	 public	 sector	 innovation	 by	 De	 Vries,	
Bekkers	 and	 Tummers	 (released	 in	March	 2016)	 were	 integrated	 into	 the	 review.	 They	 screened	
around	10,000	studies	and	carried	out	an	in-depth	analysis	of	181	studies.		

In	parallel	with	the	literature	review,	a	written	interview	questionnaire	was	developed	to	investigate	
the	core	research	questions	in	more	depth,	focusing	more	specifically	on	the	context	of	the	countries	
where	 the	 OpenGovIntelligence	 pilots	 will	 be	 carried	 out.	 The	 interview	 questions	 concerned	 the	
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respondents’	understanding	and	views	of	 issues	 related	 to	open	data,	data-driven	co-creation	and	
innovation	in	the	public	sector;	their	awareness	of	open	data	and	data-driven	service	innovation;	the	
capacities	 and	 needs	 of	 their	 organisations	 concerning	 opening	 up	 data	 and	 engaging	 in	 service	
innovation;	 the	 potential	 and	 challenges	 of	 using	 open	 data	 in	 public	 sector	 innovation	 and	 co-
creation;	 the	 main	 drivers	 and	 barriers	 of	 data-driven	 public	 sector	 innovation	 and	 co-creation;	
possible	 solutions	 (policy	 initiatives)	 for	 overcoming	 barriers	 and	 stimulating	 open	 data-driven	
innovation;	relevant	existing	initiatives	and	good	practices	related	to	using	open	data	for	service	co-
creation,	etc.	The	questionnaire	comprised	11	questions	in	total,	most	of	which	were	open-ended.	No	
sensitive	personal	data	was	collected.	

The	respondents	were	hand-picked	in	consultation	with	the	project	partners	in	the	pilot	countries	to	
involve	the	most	relevant	stakeholders	in	each	country.	In	each	pilot	country,	two	main	categories	of	
stakeholders	were	invited	to	take	part	in	the	study:	

• Representatives	 of	 public	 administration	 (including	 but	 not	 limited	 to	 the	 organisations	
directly	 involved	 in	the	pilots).	This	category	 included	people	holding	relevant	political	and	
administrative	positions,	representing	different	levels	of	government	(national,	regional	and	
local/municipal).		

• Stakeholders	 external	 to	public	 administrations.	 This	 category	 involved	private	 companies,	
civil	 society	 organisations,	 universities	 and	 research	 organisations,	 and	 other	 non-
governmental	actors	who	had	some	expertise	or	experience	in	open	data,	service	co-creation,	
public	sector	innovation	or	other	domains	relevant	for	the	research.	

The	inclusion	of	the	views	of	various	stakeholder	groups	was	aimed	at	in	order	to	develop	a	better	
understanding	of	 the	different	capacities,	needs	and	expectations	 that	affect	open	data-driven	co-
creation/co-production.	Invitation	to	the	survey	was	sent	to	120	stakeholders	from	6	countries.	

The	 respondents	 could	 either	 complete	 a	 Google	 Forms-based	 online	 survey	 or	 respond	 to	 the	
questions	by	e-mail.	All	respondents	were	also	asked	to	fulfill	an	informed	consent	form	to	indicate	
their	agreement	to	the	process	of	data	collection,	analysis	and	storage.	

The	data	was	then	analysed	and	processed	by	the	Tallinn	University	of	Technology	in	accordance	with	
the	Estonian	Personal	Data	Protection	Act	and	the	university	Rules	on	the	Processing	and	Protection	
of	 Personal	 Data.	 For	 the	 purposes	 of	 the	 analysis	 the	 responses	 were	 anonymized,	 i.e.	 each	
participant	was	assigned	a	unique	identification	number	not	linked	to	any	personally	identifiable	data.	
The	results	of	the	study	are	summarized	in	Section	4	of	this	deliverable.	

3.2 Technical	Challenges	&	Needs	of	LOSD	

3.2.1 Linked	Open	Statistical	Data:	State-of-the-Art	

During	 the	 last	 years	 a	 growing	 body	 of	 literature	 studies	 LOSD.	 The	 objective	 of	 this	 step	 of	 the	
methodology	is	to	accumulate	this	body	of	knowledge	and	provide	an	analysis	of	the	search	results	in	
the	area	so	far.	This	will	enable	the	identification	of	(a)	the	state-of-the-art	in	the	area,	and	(b)	open	
or	 unexamined	 research	 questions.	 Towards	 this	 end,	 we	 systematically	 reviewed	 the	 scientific	
literature	to	identify	relevant	studies.	This	activity	is	included	in	T1.3.	
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More	specifically,	in	order	to	achieve	our	objective,	we	employ	a	method	for	conducting	systematic	
literature	review	(Webster	&	Watson,	2003).	Initially,	we	performed	a	systematic	search	in	order	to	
accumulate	a	relatively	complete	body	of	relevant	scientific	literature.	Towards	this	end,	we	started	
with	Google	Scholar	using	the	key	words	“linked	data”	AND	“data	cube”	and	we	collected	an	initial	
pool	of	articles.	Thereafter,	we	went	backward	by	reviewing	citations	 in	 the	 identified	articles	and	
forward	 by	 using	 Google	 Scholar’s	 functionality	 to	 identify	 articles	 citing	 the	 previously	 identified	
articles.	We	thereafter	studied	and	filtered	these	initially	identified	articles	in	order	to	come	up	with	
the	final	set	that	was	included	in	our	research.	

This	approach	resulted	in	a	set	of	138	papers	that	have	been	either	published	in	scientific	journals	or	
presented	in	scientific	conferences	and	workshops.	

In	order	to	synthesize	the	accumulated	knowledge,	we	performed	a	concept-centric	analysis.	The	main	
characteristics	 of	 the	 area	were	 extracted	 and	 a	 conceptual	 framework	 for	 linked	data	 cubes	was	
created	in	order	to	structure	the	area.	Finally,	the	framework	was	employed	to	categorise	and	further	
analyse	the	literature	and	to	extract	insights	into	the	area	of	linked	data	cubes.		

The	result	of	this	step	of	the	methodology	is	documented	in	Section	5.1.	

3.2.2 Challenges	&	Needs	regarding	LOSD	Interoperability	

The	objective	of	this	step	of	the	methodology	is	to	identify	the	challenges	of	LOSD	exploitation	and	
translate	them	to	needs	of	LOSD	publishing.	The	overall	objective	can	be	broken	down	to:	

• Identify	the	challenges	for	exploiting	LOSD	from	diverse	portals	

• Define	the	publishing	needs	based	on	the	identified	LOSD	exploiting	challenges	

• Propose	common	practices	to	address	the	LOSD	exploiting	challenges	and	the	corresponding	
LOSD	publishing	needs	

During	the	last	years,	an	increasing	number	of	governments,	public	authorities	and	companies	have	
started	to	publish	linked	statistical	data	using	the	RDF	data	cube	(QB)	vocabulary.	However,	in	order	
to	 unleash	 the	 full	 potential	 of	 linked	 statistical	 data	 it	 is	 desirable	 to	 combine	 related	 data	 from	
different	 sources.	 This	 will	 enable,	 for	 example,	 the	 performing	 of	 combined	 analytics	 on	 top	 of	
multiple	data	cubes	published	by	different	authorities.	

At	the	moment,	many	official	portals	launched	by	governmental	organizations	(owning	the	data)	are	
using	 the	 QB	 vocabulary	 to	 publish	 their	 data	 as	 linked	 data	 cubes.	 For	 example,	 the	 Scottish	
Government,	the	UK	Department	for	Communities	and	Local	Government	(DCLG),	the	Italian	National	
Institute	 of	 Statistics	 (ISTAT),	 the	 Flemish	 Government,	 the	 Irish	 Central	 Statistics	 Office	 and	 the	
European	Commission's	Digital	Agenda	have	published	data	using	the	QB	vocabulary.	Although	all	the	
above	portals	use	the	same	vocabulary,	 they	often	adopt	different	practices,	 thus	hampering	their	
interoperability.	The	result	is	the	creation	of	cubes	that	cannot	be	exploited	together	despite	the	use	
of	linked	data	technologies.	

In	order	to	achieve	the	objectives	of	this	study	we	adopt	a	three	step	methodology:	
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• Identification	of	 conflicting	practices	 (WP1).	 Identify	 the	 conflicting	practices	 used	by	 the	
existing	portals.	For	this	reason,	we:	i)	detect	official	LOSD	portals	launched	by	governmental	
organizations,	ii)	conduct	a	state	of	the	art	analysis	on	data	integration	to	identify	the	types	
of	conflicts	that	might	occur	at	LOSD,	iii)	based	on	the	2	previous	steps,	identify	the	conflicting	
practices	that	occur	at	the	LOSD	portals.	

• Understanding	of	conflicting	practices	(WP1).	Actively	involve	the	LOSD	experts	(e.g.	curators	
of	linked	data	cube	portals	and	publishers	of	data	cubes)	in	order	to	understand	the	conflicting	
practices.	The	experts’	involvement	is	achieved	through	a	questionnaire	where	they	describe	
the	advantages,	disadvantages	and	peculiarities	of	all	the	conflicting	practices.	The	result	of	
this	step	is	the	LOSD	publishing	needs.	

• Consensus	on	common	practices	(WP5).	Conclude	at	a	set	of	common	publishing	practices	in	
order	to	address	the	LOSD	exploiting	challenges.	LOSD	experts	are	involved	in	order	to	come	
up	with	a	consensus	on	the	practices.	This	step	is	still	a	work	in	progress	and	the	final	results	
will	be	presented	at	WP5	in	the	report	of	standardization	efforts.	However,	some	preliminary	
results	are	also	presented	at	this	deliverable.	

	

Figure	4	The	steps	for	eliciting	challenges	and	needs	on	LOSD	exploitation	

The	results	of	this	step	are	documented	in	Section	5.2	of	this	deliverable.	

3.3 Users’	challenges	regarding	the	exploitation	of	Open	Statistical	Data			
In	order	to	identify	challenges	related	to	the	development	of	data-driven	products	by	exploiting	open	
statistical	data	we	employed	two	methods:	

a) An	in	depth	analysis	of	data.gov.uk	in	order	to	discover	datasets	about	a	real	world	problem.	
b) Questionnaires	 for	 developers	 that	 have	 used	 open	 statistical	 data	 to	 develop	 software	

products	or	applications.	

3.3.1 Open	Statistical	Data	Fragmentation	

For	the	first	method,	we	conducted	an	 in	depth	analysis	of	data.gov.uk	 in	order	to	discover	all	 the	
available	datasets	that	are	related	to	unemployment.	In	particular,	the	steps	of	the	analysis	are	the	
following:	
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• First	 step	 is	 to	 find	 datasets	 about	 unemployment,	 so	 we	 searched	 for	 the	 keyword	
“unemployment”	to	data.gov.uk.		

• Search	results	contain	links	directing	to	other	portals.	We	documented	these	portals.	Also	all	
the	links	driving	users	from	data.gov.uk	to	these	portals	are	counted.	

• Last	 step	 is	 to	 check	 the	datasets,	 to	which	users	 have	 access	 through	data.gov.uk,	 about	
relevance	with	the	topic	and	their	resource	format.			

3.3.2 Challenges	&	needs	of	software	developers	

For	the	second	method,	a	questionnaire	was	designed	in	two	topics	(a)	general	questions	about	open	
data	(b)	specific	questions	about	open	statistical	data.	The	questionnaire	aimed	at	developers	who	
created	applications	based	on	open	statistical	data	such	as	participants	in	Open	Data	Hackathons	and	
startups.	 Open	 questions	 with	 free	 text	 responses	 and	 closed	 questions	 with	 multiple	 choice	
responses	were	used.	The	questionnaire’s	vocabulary	was	adapted	to	people	who	have	technical	skills	
in	data-driven	products	and	 in	data	editing.	After	 receiving	 the	answers,	 visualizations	were	made	
through	Excel	in	order	to	provide	conclusions.	The	questionnaire	can	be	found	at	Appendix	C.		

3.4 Pilots’	needs	on	data-driven	innovation	
The	objective	of	this	sub-step	is	to	identify	needs	of	users	that	aim	to	exploit	open	statistical	data	for	
the	development	of	data-driven	products.	Pilots	partners	of	 the	project	 from	6	different	countries	
were	picked	in	order	to	help	identify	these	needs	through	interviews	in	which	they	participated:	

• The	Greek	Ministry	of	Interior	
• Enterprise	Lithuania	–	Lithuanian	Ministry	of	Economy	
• Trafford	Council	
• The	Flemish	Government	
• The	Marine	Institute	
• The	Estonian	Ministry	of	Economics	

An	interview	form	was	designed	in	the	frame	of	this	section	that	aim	to	identify	needs	of	users	that	
aim	to	exploit	open	statistical	data.	The	form	has	three	parts:		

• Problem	Description.	A	problem	was	asked	to	be	described	by	pilot	partners	of	the	project	
which	problem	can	be	solved	through	the	exploitation	of	statistical	data.	Questions	covered	
many	different	areas	such	as	problems	of	public	administration,	businesses	and	citizens.	

• Dataset	 Description.	 Datasets	 that	 can	 solve	 the	 problems	 mentioned	 and	 their	 specific	
characteristics	were	asked	to	be	described.	Open	questions	like	free	texting	were	used	while	
form’s	vocabulary	was	adapted	to	people	who	have	theoretical	and	technical	knowledge	of	
exploitation	of	statistical	open	data.		

• Final	 Product/Service	Description.	 The	 last	 component	 section	 of	 the	 interview	 form	was	
about	 the	 final	 product/service.	 Descriptions	 of	 target	 users	 and	 characteristics	 of	 final	
product	were	asked	in	free	text	questions.	

The	interview	form	can	be	found	at	Appendix	D.	
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3.5 Data	Infrastructures	
The	 Task	 1	 State-of-the-art	 of	 data	 infrastructure	 has	 the	 objective	 of	 reviewing	 the	 scientific	
literature,	 practitioner	 reports	 and	 projects	 regarding	 the	 data	 infrastructures	 of	 Open	 Data.	 The	
State-of-Art	 is	 the	tool	 that	will	help	to	partially	answer	the	following	OpenGovIntelligence	project	
questions	presented	in	D1.1	and	helped	by	other	three	tasks	with	different	subjects	and	objectives	
also	included	in	D1.1:	

• How	are	existing	data	infrastructure	currently	deployed	within	the	Public	Sector?	

• How	are	existing	data	infrastructures	repurposed	in	the	pursuit	of	innovation	and	creativity,	
following	a	public-private	collaborative	approach?	

From	these	research-questions	a	research	approach	was	established	for	the	creation	of	the	State-of-
Art.	 The	 research/scientific	 papers	used	on	 this	 State-of-Art	 report	were	 selected	 via	 a	 systematic	
literature	review	adapted	from	(Petticrew	and	Roberts	2008).	Firstly,	identification	of	keywords	of	the	
topics	were	found	during	the	search	in	the	database:	

1) Open	Data	

2) Open	Data	Infrastructure	

3) Open	Government	data	

4) Open	Government	Data	Infrastructures	

5) Linked	Data		

6) Linked	Open	Data	

7) Tool	and	Skill	for	Statistical	Capacity	Building	Evaluation	

The	 academic	 databases	 used	 for	 the	 literature	 searches	 of	 this	 document	 were	 the	 Electronic	
Government	Reference	Library	(EGRL),	the	IEEE	Xplore,	the	SCOPUS	(Elsevier),	the	ACM	Digital	Library	
and	Google	Scholar	that	served	to	complement	the	results	from	the	aforementioned	library	search.	
The	EGRL	gave	us	the	wide	range	of	literatures	in	the	E-Government	area.	The	IEEE	and	ACM	libraries	
helped	 us	 to	 cover	 the	 technical	 perspectives.	 Scopus	 and	 Google	 Scholar	 provided	 us	 with	 an	
overview	of	related	works	and	helped	us	to	prioritize	them	according	to	the	most	cited	literatures.	

Moreover,	there	was	a	full	reading	of	the	abstracts	and	keywords	in	order	to	check	their	adherence	
and	relevance	to	the	area	of	study.	Some	papers	were	not	related	to	the	scope	and	objective	of	the	
OpenGovIntelligence	project	and	therefore	were	excluded	from	the	literature	review.	

Lastly,	 an	 organisation	 of	 papers	 was	 conducted,	 using	 the	 reference	 manager	 Mendeley,	
(https://www.mendeley.com/)	and	stored	at	the	OpenGovIntelligence	project	folder	on	Google	Drive	
cloud.	 These	processes	 	 enabled	 the	 creation	of	 a	 spreadsheet	 that	 controls	 the	 readings	 and	 the	
status	of	the	articles	found	on	the	Google	Drive	(https://goo.gl/tOjA84)	,	in	order	to	give	agility	to	the	
OpenGovIntelligence	project		and		avoid	any	double	reading	between	the	consortium.	
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4 Public	 Administration’s	 challenges	 &	 needs	 regarding	 data-
driven	innovation	

As	the	first	step	of	the	study	on	service	co-production,	a	literature	review	was	conducted	to	delineate	
some	of	the	central	concepts	of	OpenGovIntelligence,	such	as	public	service	and	public	value,	data-
driven	 public	 service	 innovation,	 co-production	 and	 co-creation.	 Based	 on	 literature,	 working	
definitions	of	these	key	concepts	are	proposed	in	the	next	section.	This	is	followed	by	a	discussion	of	
the	challenges	and	needs	related	to	open	data-driven	public	sector	innovation	and	public	service	co-
creation,	based	on	literature	and	the	results	of	the	survey	conducted	in	the	framework	of	the	project.	

4.1 Key	Concepts	
Public	sector	–	comprises	the	general	government	sector	plus	all	public	corporations	 including	the	
central	bank	(OECD	1997).		

Public	services	–	services	where	government	has	a	responsibility	for	the	provision.	Public	services	are	
those	services	which	public	bodies,	such	as	central	or	local	government,	either	provide	themselves	or	
commission	others	to	provide.	Public	services	may	be	produced	and	provided	outside	the	actual	public	
administration,	by	the	private	sector	or	by	citizens.	(OECD	2011)	

Public	value	–	various	benefits	for	society	that	may	vary	according	to	the	perspective	or	the	actors,	
including	 the	 following:	 1)	 goods	 or	 services	 that	 satisfy	 the	 desires	 of	 citizens	 and	 clients;	 2)	
production	choices	that	meet	citizen	expectations	of	justice,	fairness,	efficiency	and	effectiveness;	3)	
properly	ordered	and	productive	public	institutions	that	reflect	citizens’	desires	and	preferences;	4)	
fairness	and	efficiency	of	distribution;	5)	 legitimate	use	of	resource	to	accomplish	public	purposes;	
and	6)	innovation	and	adaptability	to	changing	preferences	and	demands	(OECD	2014).	

Public	sector	innovation	–	“the	creation	and	implementation	of	new	processes,	products,	services	and	
methods	of	delivery	which	result	in	significant	improvements	in	outcomes	efficiency,	effectiveness	or	
quality”	(Albury	2005).		

Private	sector	innovation	–	“the	implementation	of	a	new	or	significantly	improved	product	(good	or	
service),	or	process,	a	new	marketing	method,	or	a	new	organisational	method	in	business	practices,	
workplace	organisation	or	external	relations”	in	firms	(OECD	2005).	

Co-creation	–	active	 involvement	of	end	users	 in	various	 stages	of	public	policy	and	public	 service	
production,	usually	as	co-initiators,	co-designers	or	co-implementers	of	a	policy	or	service.	Co-creation	
can	have	different	objectives,	such	as	increasing	the	effectiveness	or	efficiency	of	policies	and	services,	
gaining	 customer	 satisfaction,	 increasing	 citizen	 involvement,	 etc.	 (Voorberg	 et	 al.	 2014).	 In	 the	
context	of	public	service	provision,	co-creation	could	be	defined	as	the	active	involvement	of	end	users	
(usually	citizens	or	businesses)	in	the	initiation,	design	or	delivery	of	a	public	service.	

Co-production	 –	 in	 literature,	 co-creation	 is	 often	 used	 interchangeably	 with	 the	 concept	 of	 co-
production	to	indicate	the	active	involvement	of	end	users	in	various	stages	of	public	policy	and	public	
service	 production.	 According	 to	 Voorberg	 et	 al.	 (2014),	 the	 main	 difference	 between	 the	 two	
concepts	seems	to	be	that	co-creation	literature	puts	more	emphasis	on	co-creation	as	a	value.	Hence,	
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the	adoption	of	the	concept	of	co-creation	rather	than	co-production	is	suggested	for	the	next	steps	
of	the	project.	

Co-creation	and	co-production	can	be	distinguished	from	the	concept	of	participation	by	their	more	
specific	 focus	 on	 active	 involvement,	 while	 participation	 could	 also	 refer	 to	 passive	 involvement	
(Voorberg	et	al.,	2014).	Therefore,	it	should	be	emphasized	that	service	co-creation	presumes	a	two-
way	 interaction	 between	 government	 and	 citizens	 or	 bottom-up	 interaction	 from	 citizens	 to	
government	in	which	citizens	(or	other	types	of	service	users)	have	an	active	role	of	a	participant	or	
initiator,	not	just	a	passive	receiver	of	information	from	the	government.	

Data-driven	–	at	the	core	of	this	concept	is	the	notion	of	being	evidence-based	and	is	often	used	in	
connection	 with	 journalism	 or	 learning.	 In	 the	 context	 of	 (e-)	 public	 service	 delivery	 it	 can	 be	
understood	as	a	web	service	based	on	a	database	(Deutsch	et.al.,	2004)	 involving	all	 levels	of	data	
processing,	from	information	provision	to	transactions.		

4.2 Literature	review		
In	 the	 context	 of	 the	 study,	 it	 is	 important	 to	 acknowledge	 that	 information	 and	 communication	
technologies	(ICTs)	hold	an	innovative	potential	both	in	terms	of	giving	an	impetus	for	novel	public	
services	 and	providing	 the	means	 for	 transforming	governance	processes.	Among	other	uses,	 ICTs	
enable	the	development	of	smarter	and	more	collaborative	methods	of	decision-making.	This	could	
lead	 to	 improved	decision-making	 and	 service	provision	 in	 the	public	 sector,	 in	 particular	 through	
harnessing	 information,	knowledge,	skills	and	perspectives	that	have	traditionally	been	external	or	
unavailable	to	public	sector	organizations.	Thus,	ICTs	enable	the	aggregation	of	knowledge	through	
direct	 interaction	 with	 citizens,	 businesses,	 interest	 groups	 and	 public	 sector	 organizations,	 using	
methods	 such	 as	 e-consultations,	wikis	 and	 crowdsourcing	 platforms,	 e-petitions	 or	 discussions	 in	
social	media.	Therefore,	ICT-enabled	co-creation	has	the	potential	to	produce	effective,	high-quality	
public	services	and	increase	the	perceived	legitimacy	of	the	decisions	taken	on	behalf	of	the	public.	
ICT	applications	also	enable	the	collection,	analysis	and	combination	of	vast	amounts	of	public	and	
private	data	such	as	open	data,	big	data,	linked	data,	or	data	crowdsourced	directly	from	citizens	and	
service	users,	which	can	provide	governments	hard	evidence	to	back	up	policy	decisions	and	indicate	
the	aspects	in	which	public	services	can	be	improved.	

In	 the	 context	 of	 public	 sector	 ICT	 projects,	 the	 issue	 of	 success/failure	 and	 drivers/barriers	 has	
received	considerable	attention	in	academic	literature,	evolving	into	a	research	stream	in	its	own	right.	
Despite	 varying	 definitions	 in	 literature	 of	 what	 counts	 as	 a	 success	 or	 failure,	 there	 is	 a	 shared	
understanding	that	the	failure	rate	of	ICT	projects	continues	to	be	globally	high	(Thomas	and	Marath	
2013).	 This	 comes	 at	 a	 high	 price	 in	 terms	 of	wasted	 resources,	missed	 opportunities,	 unrealized	
benefits	and	damage	to	reputation	(Heeks	2003,	Sauer	1993).	Therefore,	much	of	information	system	
(IS)	management	literature	is	devoted	to	researching	the	factors	that	affect	IS	success	and	failure.	The	
issue	has	predominantly	been	approached	from	a	rationalist	angle,	focusing	on	critical	success/failure	
factors,	which	purport	to	predict	the	outcomes	of	ICT	projects	(Kautz	and	Cecez-Kecmanovic	2013).	
Although	failure	is	a	common	problem	in	information	systems	projects	both	in	the	private	and	public	
sector,	the	issue	has	received	much	less	attention	in	the	context	of	public	administration	(Dwivedi	et	
al.	2013).	Several	authors	(Rochet	et	al.	2012,	Dwivedi	et	al.	2013)	emphasize	the	inherent	complexity	



	 	D1.1	–	OpenGovIntelligence	challenges	and	needs	

	

	

Page	27	of	156	

	

	

of	public	sector	ICT	projects,	owing	to	the	environmental	constraints	specific	to	the	public	sector	and	
the	wide	range	of	stakeholders	involved.	Therefore,	the	challenges	seem	to	be	especially	complex	and	
stakes	particularly	high	in	the	public	sector.	This	implies	the	need	to	consider	the	broader	context	of	
e-government	in	addition	to	information	system	success/failure	factors.	

This	all	has	become	very	topical	 in	public	sector	innovation	research,	concerned	with	“the	creation	
and	 implementation	of	new	processes,	products,	 services	and	methods	of	delivery	which	 result	 in	
significant	improvements	in	outcomes	efficiency,	effectiveness	or	quality”	(Albury	2005).	From	2000s,	
the	 literature	has	rapidly	grown	on	public	sector	 innovation	and	on	related	changes	 in	governance	
(see,	e.g.,	Hartley	2005,	Verhoest	et	al.	2006,	Moore	and	Hartley	2008,	Pollitt	and	Bouckaert,	2011).	

One	of	the	most	recent	systematic	and	detailed	accounts	of	public	sector	 innovation	is	a	 literature	
review	(of	181	articles	and	books)	by	De	Vries,	Bekkers	and	Tummers	(2016).	It	adopts	the	umbrella	
concept	of	“antecedents”	to	denote	influential	factors	in	public	sector	innovation	at	different	levels.	
According	 to	 their	 definition,	 an	 antecedent	 can	 act	 either	 as	 a	 driver	 or	 barrier	 to	 innovation	
depending	on	the	context	and	level	of	analysis.	A	similar	idea	has	also	been	expressed	by	several	other	
authors,	e.g.	Bekkers	et	al.	(2013)	and	Nasi	et	al.	(2015),	who	argue	that	it	is	often	the	specific	context	
that	determines	whether	a	factor	acts	as	a	driver	or	barrier	to	innovation.	De	Vries	et	al.	(2016)	divide	
the	 antecedents	 into	 four	main	 categories:	 1)	 environmental	 level	 (the	 context	 external	 to	 public	
sector	organizations);	2)	organizational	level	(the	structural	and	cultural	features	of	an	organization);	
3)	 innovation	 level	 (intrinsic	 attributes	of	 an	 innovation);	 and	4)	 individual	 level	 (characteristics	 of	
individuals	who	innovate).	

In	 a	 similar	 vein,	 the	 main	 barriers	 highlighted	 in	 the	 European	 Commission’s	 report	 “Powering	
European	Public	Sector	Innovation”	(2013),	which	is	perhaps	the	most	influential	policy	document	on	
the	topic,	can	be	categorized	 into	environmental,	organisational	and	 individual-level	 factors.	These	
include:	 (1)	weak	enabling	 factors	 or	 unfavourable	 framework	 conditions:	 scattered	 competences,	
ineffective	governance	mechanisms,	diverse	legal	and	administrative	cultures,	resource	constraints	to	
develop	 and	 deploy	 staff	 and	 to	 finance	 rollout,	 and	 inadequate	 coordination	 within	 and	 across	
organisations	to	share,	spread	and	scale	up	successful	initiatives;	(2)	lack	of	leadership	at	all	 levels:	
preference	for	caution	and	failure-avoidance	to	creativity	(finding	new	paths	to	success),	rigid	rules	
and	risk-averse	managers	who	discourage	staff	and	stifle	the	diffusion	of	innovative	ideas;	(3)	limited	
knowledge	 and	 application	 of	 innovation	 processes	 and	 methods:	 an	 often	 absent	 access	 to	
capabilities	(systems,	skills,	tools	and	methods),	lack	of	collaboration	(with	other	parts	and	levels	of	
government,	 businesses,	 citizens	 and	 third	 sector	 organisations);	 (4)	 insufficiently	 precise	 and	
systematic	use	of	measurement	and	data:	inadequate	information	on	sources	of	new	and	improved	
products,	processes	and	services;	lack	of	monitoring	of	the	benefits	for	policy	outcomes.	

These	approaches	find	support	in	numerous	other	studies,	which	conclude	that	innovation	within	the	
public	 sector	 is	 driven	 and	 constrained	 by	multiple	 factors	 that	 can	 be	 related	 to	 the	 individuals	
involved	 in	 innovation	 as	well	 as	 organisational	 and	 broader	 environmental	 context.	 Some	 of	 the	
frequently	mentioned	barriers	include	a	lack	of	political	and	administrative	triggers,	legal	culture	of	
the	public	sector	(factors	such	as	standardization	and	formalization	(e.g.,	Sørensen	and	Torfing	2011)	
and	rule-driven	‘path	dependencies’	(e.g.,	Bernier	and	Hafsi	2007),	state,	governance	and	civil	service	
traditions	and	 lack	of	necessary	 capacities	 (Pollitt	 and	Bouckaert	2011),	 and	 lack	of	 resources	 and	
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resource	dependency	within	organizations	and	networks	(Bekkers	et	al.	2013).	At	the	same	time,	it	is	
noteworthy	 that	 the	 same	 variable	 (e.g.	 limited	 resources)	 can	 act	 as	 a	 barrier	 as	 well	 as	 driver	
depending	on	the	circumstances.	

If	we	look	more	specifically	at	service	co-production	related	literature,	then	most	of	the	barriers	are	
similar	to	any	kind	of	ICT-led	innovations	in	public	sector.	However,	some	barriers	can	be	considered	
more	 specific	 to	 service	 co-production.	 These	 often	 include	 a	 lack	 of	 administrative	 and	 political	
championing,	poor	integration	into	organizational	procedures	and	broader	political	processes,	lack	of	
easily	demonstrable	impact,	unfavourable	cultural	context,	hostile	attitudes	to	citizen	engagement,	
and	the	difficulty	of	matching	different	expectations	and	capabilities	in	designing	systems	intended	to	
engage	diverse	user	groups.		

If	we	 look	more	 specifically	 at	 literature	 related	 to	 open	data,	 further	 specific	 conclusions	 can	 be	
drawn.	There	are	studies,	for	example,	on	the	drawbacks	of	an	arguably	over	simplistic	view	among	
many	practitioners	and	scientists	on	the	benefits	and	limitations	of	open	data	(Janssen	et	al.	2012).	
Various	 risks	 are	 identified	 and	 are	 related	 to	 the	 political,	 economic,	 institutional,	 legal	 and	
technological	aspects,	confirming	the	need	to	take	an	 interdisciplinary	 look	and	addressing	various	
levels	and	aspects.		

One	of	the	key	issues	identified	is	opposition	from	government	agents	themselves	to	publish	data,	the	
unpredictable	 nature	 of	 government	 support	 in	 the	 sphere,	 and	 lack	 of	 political	 communication	
between	providers	and	re-users	of	open	data	(Martin	et	al.	2013,	Barry	and	Bannister	2013).	This	is	
reinforced	further	by	lack	of	knowledge	on	open	data	and	open	data	based	governance	(for	limited	
understanding	of	concept	by	policymakers	see	Janssen,	2011)	and	by	the	fact	that	in	many	cases	shift	
to	 open	 data	 challenges	 existing	 organizational	 procedures	 and	 routines,	 while	 carrying	 risks	 (of	
failure).	 Misinterpretation	 of	 open	 data	 and	 open	 government	 concept	 among	 many	 public	
administration	practitioners	has	been	 identified	as	 clear	barrier	 (Yu	and	Robinson	2012),	 including	
overly	simplistic	view	on	open	data	as	a	tool	(Conradie	and	Choenni	2012)	to	promote	transparency	
of	government	among	many	practitioners	and	academics	(Janssen	et	al.	2012).	

Low	priority	given	to	open	data	based	public	sector	innovation	by	politicians	can	lead	to	legislative	
barriers.	 This	 is	 related	 both	 to	 the	 lack	 or	 ambiguity	 of	 regulatory	 basis	 of	 the	 open	 data-driven	
projects,	 challenging	 the	 flow	 of	 datasets	 from	 government	 agencies	 to	 other	 actors	 and	 in	
inconsistency	 of	 the	 policies	 and	 activities	 in	 the	 sphere	 (Ganapati	 and	 Reddick	 2012).	 Even	 if	
legislative	barriers	do	not	exist,	civil	servants	might	expect	further	guidance	in	the	form	of	strategies.	
Thus,	one	of	the	fundamental	barriers	identified	relating	to	open	data	based	public	sector	innovation	
is	a	lack	of	strategies	on	how	to	foster	the	re-use	of	open	data	by	third	parties,	 i.e.	businesses	and	
citizens	as	end-users	(Veenstra	and	Broek	2013).		

Also,	 information	 security	 and	 data	 protection	 issues	 are	 raised,	 especially	 in	 finding	 the	 balance	
between	public	and	private	information	(Huijboom	and	Broek	2011),	confidence	in	open	data	(O'Hara	
2012)	and	possible	abuse	of	open	data.	

Increasingly,	barriers	from	user	perspective	are	emphasized	by	various	researchers.	These	include	lack	
of	user	perspective	vision	in	the	government	open	data	policies	and	barriers	associated	with	the	use	
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of	data	by	the	end-users,	i.e.	citizens	and	businesses	such	as	the	access	to	data	and	information	justice	
(Johnson	2014),	usability,	misinformation,	unfriendly	interfaces,	etc.	(Zuiderwijk	et	al	2012).	

4.3 Survey	results	
Our	online	survey	on	open	data-driven	co-creation	and	innovation	yielded	63	responses	from	all	six	
pilot	countries,	including	34	public	administration	representatives	and	29	business,	civil	society	and	
research	actors.	Participation	activity	was	the	largest	in	Greece	(16	responses	submitted),	followed	by	
Belgium,	Ireland	and	the	UK	(10	participants	from	each	country),	Estonia	(9	responses)	and	Lithuania	
(8	responses).	22	respondents	represented	central	or	federal	government,	7	respondents	represented	
regional	government	and	4	respondents	the	local	government	level.	15	respondents	were	from	private	
companies,	 7	 represented	 non-governmental	 and	 civil	 society	 organisations	 and	 8	 represented	
universities	and	other	research	institutions.	The	following	section	gives	a	brief	overview	of	the	answers	
given	to	each	survey	question.	

4.3.1 Existing	experience	with	open	data	and	co-creation	

Participants	were	first	asked	whether	and	how	they	had	previously	used	open	data	in	their	work.	While	
5	respondents	had	not	used	nor	produced	open	data	in	their	organisations	at	all,	others	reported	using	
open	data	mainly	in	internal	organisational	work	processes	such	as	data	analytics,	prediction,	decision	
support	and	monitoring.	Many	have	published	open	data	for	others	to	use,	several	also	support	public	
sector	organisations	 in	opening	up	data	or	provide	tools	and	support	to	external	users	for	re-using	
open	data.	Some	organisations	use	open	data	in	a	variety	of	ways,	for	example:	

“We	promote	open	knowledge	and	open	data	in	Belgium,	not	only	through	
events,	but	also	by	re-using	open	data.	It	goes	from	opening	up	data	by	scraping	
transport	data	(irail.be),	to	adding	new	data	in	OpenStreetMap	(OSM.be)	to	using	
it	in	educational	tools	(datawijs.be)	to	re-opening	consolidated	legislation	
(http://belaws.be/),	to	using	it	during	our	Summer	of	code	project.”	

“We	have	used	open	data	to	access	the	areas	that	most	need	our	focus,	areas	
that	have	high	levels	of	issues	that	we	need	to	tackle	or	areas	that	suffer	from	
elements	of	deprivation.	We	have	used	the	information	to	make	judgements	on	
how	to	invest	our	time,	money	and	efforts	to	their	best	use.	We	used	the	source	
to	benefit	the	community	and	to	offer	a	connectivity	that	might	never	have	been	
visually	able	to	see.”	

We	also	asked	more	specifically	about	the	respondents’	experience	with	using	open	data	for	service	
co-creation	or	engaging	 in	 the	 co-creation	of	public	 services	 initiated	by	other	organisations.	As	 it	
turned	out,	70%	had	taken	part	 in	some	form	of	co-creation	of	public	services	based	on	the	use	of	
open	data,	while	30%	had	no	such	experience.	Interestingly,	all	respondents	from	Belgium	reported	
having	participated	or	initiated	the	co-creation	of	data-driven	services,	which	was	not	the	case	in	other	
countries.	

The	 reasons	 why	 different	 organisations	 had	 engaged	 in	 service	 co-creation	 were	 very	 different.	
Several	mentioned	 direct	 benefits	 for	 the	 organisation,	 such	 as	 increased	 efficiency,	 data	 quality,	
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reaching	a	wider	audience	and	increasing	the	impact	of	the	organisation’s	work.	Others	referred	to	
more	general	benefits	 for	customers	and	society	at	 large,	such	as	enhanced	transparency,	building	
services	 rooted	 in	 user	 needs	 and	 increasing	 service	 quality	 for	 customers,	 promoting	 public	
participation,	driving	digital	innovation	and	stimulating	economic	growth:	

“In	order	to	serve	the	community	needs	(Citizens,	Customers,	Business,	Public	
Sector)	in	a	most	efficient	and	less	bureaucratic	way.”	

“We	are	convinced	that	open	data	is	a	major	driver	for	innovation	and	enabler	of	
digital	transformation	in	public	administrations.”	

“To	promote	the	idea	and	mind-set	of	eParticipation	and	thus,	promote	also	Open	
and	Participatory	Governance.	To	actually	empower	citizens	and	motivate	them	
to	be	actively	involved	in	local	issues.”	

A	number	of	 respondents	 also	mentioned	 legal	obligation	 to	publish	data	as	 a	 factor	driving	 their	
efforts	to	make	data	open	and	build	services	on	top	of	open	data:	

“That's	the	law.	And	it	provides	value	to	the	citizens.	And	we	as	a	regulator	must	
set	an	example.”	

“The	ministry	has	the	main	responsibility	on	open	access	and	re-use	of	public	
sector	documents,	information	and	data.”	

“Primarily	by	being	required	to	by	EU	directives	but	also	due	to	the	beliefs	and	
opinions	of	dedicated	individuals.”	

For	some	organisations,	open	data	is	an	inherent	part	of	their	daily	work	and	organisational	strategy:	

“Because	it's	our	mission,	and	the	reason	we	were	set	up:	to	realise	the	open	web	
of	data.	We	try	to	demonstrate	the	value	of	openness,	and	open	data,	in	
everything	we	do.”	

For	 organisations	 that	 had	 not	 participated	 in	 open	 data-enabled	 service	 co-creation,	 the	 reasons	
were	mostly	related	to	open	data	and	service	provision	being	out	of	the	scope	of	their	organisation’s	
work:	

“As	an	NGO	by	definition	we	do	not	involve	ourselves	in	the	creation	of	public	
services.”	

“Because	our	organisation	doesn’t	provide	public	services	in	which	open	data	
could	be	used.”	

Some	also	mentioned	lack	of	priority,	lack	of	perceived	benefits	or	lack	of	funding	as	reasons	why	they	
have	refrained	from	such	initiatives:	

“Not	yet	found	an	advantage	of	such	an	initiation	that	would	contribute	to	the	
fulfilment	of	the	Authority's	mission.”	
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“Being	private	organisation	the	cost	is	major	issue	in	partaking	the	co-creation	of	
the	public	service	using	open	data.”	

Finally,	 participants	 were	 asked	 to	 express	 their	 views	 on	 the	 current	 level	 of	 involvement	 of	
businesses	 and	 citizens	 in	 the	 co-creation	 of	 open	 data-driven	 public	 services	 in	 their	 country.	
Interestingly,	although	the	question	was	posed	as	an	open	question,	the	majority	of	answers	across	
countries	and	sectors	could	be	summarized	in	one	word:	“low”.	However,	there	are	slight	variations	
in	different	countries.	For	example,	most	respondents	 in	Belgium	expressed	the	opinion	that	while	
stakeholder	involvement	is	still	low,	it	is	also	clearly	on	the	rise:	

“More	can	always	be	done,	but	both	the	local	and	regional	governments	take	
several	initiatives	already	to	engage	stakeholders	at	events,	workshops	and	so	on.	
Generally,	I	think	Belgium	has	made	big	strides	in	the	last	two	years.”	

However,	some	also	suggested	that	participation	is	mostly	limited	to	a	small	community	of	activists,	
while	the	general	public	remains	passive	or	uninvolved:	

“…	to	my	knowledge,	there	are	only	a	handful	citizens	/	businesses	/	organisations	
into	data-driven	co-creation.	But	those	who	are,	tend	to	be	very	active	and	very	
knowledgeable.”	

At	 the	 same	 time,	 the	 Estonian	 respondents	 pointed	 to	 the	 unavailability	 of	 open	 data	 and	
government	support	as	a	possible	factor	impeding	more	active	participation:	

“There	are	not	enough	data	made	available	as	open	data	yet	in	Estonia.	That	
withholds	also	the	innovative	thinking	and	participation	of	citizens.”	

While	the	vast	majority	of	respondents	from	Greece	described	stakeholder	involvement	as	“low”	or	
“poor”,	 some	 also	 referred	 to	 a	 developing	 culture	 in	 the	 field	 of	 open	 data	 and	 data-driven	 co-
creation,	for	example:	

"A	culture	of	open	data	is	being	created	in	Greece	during	the	last	years,	but	that	
culture	remains	retained	inside	a	few	businesses	and	organizations.”	

Quite	 similarly,	 Irish	 participants	 mostly	 characterized	 the	 current	 level	 of	 involvement	 as	 low.	
However,	a	 few	different	positions	stood	out.	For	example,	one	participant	seemed	to	be	satisfied	
with	the	way	citizens	and	businesses	are	currently	involved	in	producing	open	data-driven	services:	

“Citizens	and	Businesses	are	represented	in	the	Open	Data	Governance	Board	and	
all	our	public	consultation	processes	are	open	to	all.”	

Another	respondent	suggested	that	although	involvement	is	currently	low,	it	should	not	be	considered	
a	problem	in	itself,	adding:	

“I	believe	we	need	to	see	open	data	being	considered	as	part	of	national	data	
infrastructures,	where	the	primary	target	is	to	get	thematic/expert	users	making	
use	of	open	data	for	evidence	based	decision	making.	In	other	words,	open	data	
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should	be	a	key	part	of	public	sector	data	infrastructure	efforts,	with	any	business	
or	citizen	engagement	as	an	offshoot	of	that	process"	

Even	in	the	case	of	the	UK,	which	according	to	our	overall	observations	from	the	survey	seems	to	be	
comparatively	advanced	in	terms	of	open	data	and	data-driven	co-creation,	most	participants	seemed	
to	 agree	 there	 is	 room	 for	 improvement,	 in	 particular	 as	 regards	 engaging	 a	wider	 community	 of	
citizens	and	businesses:	

“Poor	but	improving.	Great	central	government	support	to	open	data.		Little	
support	to	act	upon	it	consistently.”	

“From	my	experience	there	are	isolated	pockets	of	interested	parties	that	wish	to	
engage	with	open	data.”	

“Business	involvement	tends	to	be	large	international	corporates	not	smaller	local	
organisations."	

4.3.2 Barriers	and	drivers	of	open	data-driven	public	service	co-creation	

Another	set	of	questions	concerned	the	barriers	that	the	respondents	view	as	adversely	affecting	the	
use	of	open	data	for	the	co-creation	of	public	services,	as	well	as	the	drivers	that	enable	and	boost	
open	data-driven	service	innovation.	The	survey	revealed	that	respondents	see	a	number	of	barriers	
that	hinder	the	use	of	open	data	for	the	co-creation	of	services,	which	concern	very	different	levels	–	
from	the	technology	itself	to	stakeholder	perceptions	about	open	data	and	co-creation.	Very	broadly,	
the	 barriers	 could	 be	 divided	 into	 two	main	 categories:	 1)	 technology/ICT-related	 factors;	 and	 2)	
contextual	factors.	The	latter,	in	turn,	can	be	further	categorized	into	groups	of	barriers	related	to	a)	
administrative	 and	 organisational	 context,	 including	 existing	 administrative	 and	 organisational	
processes	and	procedures,	resources	and	culture;	b)	legal	context,	and	c)	impediments	related	to	the	
stakeholders	involved	in	the	provision	or	use	of	open	data	or	in	the	co-creation	of	innovative	data-
driven	services.	

Some	of	the	frequently	mentioned	technology-related	factors	include	the	unavailability	of	open	data,	
lack	of	data	quality,	 lack	of	data	coherence	(different	standards	and	methods	for	collecting	data	 in	
different	jurisdictions),	technological	immaturity,	under-developed	open	data	infrastructures	and	lack	
of	uniform	standards.	In	one	case,	the	lack	of	availability	and	documentation	of	APIs	was	mentioned	
as	a	barrier,	another	respondent	made	an	interesting	case	for	the	difficulties	related	to	re-using	data:	

“Often	it	is	difficult	to	use	open	data	for	an	innovative	purpose	that	wasn’t	
anticipated	by	the	collector/	publisher	–	e.g.	because	the	schema	only	has	a	
limited	scope	for	re-interpretation.”	

A	number	of	 barriers	 emerge	 from	 the	 legal,	 cultural	 and	organisational	 context.	 In	many	 cases	 a	
broader	use	of	open	data	seems	to	be	hindered	by	existing	proprietary	business	models	that	are	based	
on	 selling	 key	 data.	 This	 is	 highly	 related	 to	 the	 issue	 of	 resources	 –	 by	making	 data	 open,	many	
organisations	would	lose	an	important	source	of	revenue.	Moreover,	even	if	no	business	models	are	
involved,	opening	and	publishing	data	is	associated	with	high	costs:	
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“Lack	of	resources	to	produce	and	publish	linked	open	data	and	create	public	
services	based	on	these	data”	

At	the	same	time,	these	costs	are	often	seen	to	exceed	the	potential	benefits:	

“Resources	need	to	be	invested	yet	return	on	investment	not	always	clear.”	

Several	 respondents	mentioned	 legal	 issues	as	a	barrier,	 in	particular	existing	 legislation	related	to	
sharing	and	licences	and	the	related	privacy	and	security	concerns.	In	addition	to	legislation,	many	of	
the	 barriers	 mentioned	 have	 to	 do	 with	 the	 perceived	 incompatibility	 of	 existing	 administrative	
procedures	 and	 organisational	 processes	 with	 collaboration,	 co-creation	 and	 involvement	 of	
stakeholders:	

“Re-users	have	a	hard	time	letting	governments	know	about	what	data	is	lacking	
and	governments	have	no	or	little	insights	in	what	the	re-user	is	searching.	A	
decent	feedback	loop	is	needed.”	

“It	changes	the	relationship	of	the	public	service	(government)	with	the	public,	
making	the	creation	of	new	processes	that	take	into	account	feedback	from	
citizens	necessary.	Public	organizations	are	not	used	to	reacting	to	public	input.”	

A	particular	bundle	of	barriers	can	be	related	to	the	different	stakeholders	around	open	data,	such	as	
data	 providers	 and	 users,	 policy-makers,	 public	 services	 providers	 and	 (potential)	 co-creators.	
According	 to	 the	 survey,	 there	 is	 still	 very	 little	 awareness	 of	 the	 existence	 of	 open	 data	 and	 its	
potential	among	all	groups	of	stakeholders.	Many	respondents	also	referred	to	the	lack	of	necessary	
skills	to	open	up	data	and	make	use	of	open	data	in	innovative	ways.	A	crucial	barrier	seems	to	be	the	
lack	of	perceived	usefulness	and	business	value	of	open	data,	 lack	of	political	priority	and	support,	
administrators’	lack	of	openness	to	open	data	and	co-creation	and	fears	of	data	misuse:	

“Lack	of	awareness	of	the	benefits	by	both	users	and	the	public	service	providers”	

“There	is	still	a	lot	of	concern	about	the	usefulness	of	open	data.”	

“Our	administrations	are	driven	by	politicians	that	don't	see	the	long	term	value	
of	open	data”	

“corporate	culture	is	not	compatible	with	sharing	and	openness”	

“failure	to	recognise	the	value,	lack	of	relevant	responsibilities,	lack	of	funding	
possibilities	or	specific	know-how”	

Other	barriers	that	were	mentioned	less	frequently	but	still	seem	to	pose	problems	for	some	countries	
include	 the	perceived	 lack	of	demand	 for	open	data	 (this	was	mentioned	 in	particular	by	Estonian	
respondents),	lack	of	initiative	and	ideas,	time	constraints	to	participation,	lack	of	supporting	policies	
and	 strategies,	 lack	 of	 legal	 responsibility	 to	 publish	 open	 data,	 lack	 of	 governance	 of	 open	 data	
programmes	and	lack	of	assurance	that	data	will	remain	open	in	the	long	term.		

In	many	ways,	 the	 factors	 that	 are	 seen	 as	 important	 drivers	 of	 open	 data-driven	 (public	 service)	
innovation	are	the	barriers	in	reverse.	For	example,	an	important	set	of	drivers	is	associated	with	data	
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and	technology,	including	the	availability	of	open	data	to	start	with,	the	existence	of	easy-to-use,	well-
maintained,	 well-documented,	 high-quality	 datasets,	 the	 provision	 of	 easy-to-adopt	 standards	 for	
data	formats	and	data	exchange,	prototyping	and	the	existence	of	concrete	applications	to	showcase	
open	data	solutions	and	interactive	data	visualisation.	

Other	 key	 drivers	 can	 be	 associated	 with	 various	 contextual	 factors,	 from	 the	 legal,	 policy	 and	
administrative	 environment	 to	 stakeholders	 and	 innovators.	 The	 existence	 of	 enabling	 legislation,	
policies,	strategies	and	policy	measures	was	considered	 important	by	the	majority	of	 respondents.	
This	includes	open	data	legislation,	statutory	obligations	to	publish	open	data,	open	standards	policy,	
open	data	action	plans,	European	open	data	policy	(in	particular	the	Directive	on	the	re-use	of	public	
sector	 information,	 also	 known	 as	 the	 “PSI	 directive”).	 Some	 also	mentioned	 the	 importance	 of	 a	
broader	openness	and	transparency	agenda	in	addition	to	open	data	policies	and	benchmarks	with	
other	 countries	 as	 a	measure	 to	 foster	 open	 data	 policies.	 Several	 saw	 the	 dissemination	 of	 best	
practices	and	real	use	cases	as	a	way	to	drive	further	innovation.	Not	surprisingly,	in	addition	to	the	
existence	of	favourable	policies,	the	availability	of	funding	was	seen	as	a	key	driver	by	many.	

Another	 important	set	of	enabling	 factors	was,	again,	associated	with	the	stakeholders	 involved	 in	
data	and	public	service	provision,	co-creation	and	the	use	of	data	and	services.	A	major	precondition	
for	any	open	data	innovation	seems	to	be	that	different	kinds	of	stakeholders	perceive	open	data	as	
valuable	and	beneficial	in	the	first	place.	Some	of	the	key	benefits	that	were	mentioned	as	driving	the	
use	of	open	data	include	the	perceived	ability	of	open	data	to	support	administrative	efficiency	and	
automation	of	organisational	processes,	better	information	and	evidence-based	policymaking,	better	
products	and	services,	possibility	to	answer	real	needs,	public	value,	cultural	and	societal	potential,	
transparency,	more	participatory	and	open	governance.	Open	data	is	also	seen	to	create	economic	
opportunities,	enable	the	creation	of	cheaper	and	simpler	web	applications	and	private	sector-driven	
commercialized	solutions	that	stimulate	digital	economy.		

In	 fact,	 stakeholders’	 beliefs,	 priorities,	 preferences	 and	 actions	were	 among	 the	most	 frequently	
mentioned	drivers	for	open	data-driven	innovation.	Visionary	policy-makers	and	administrators	and	
their	personal	enthusiasm	and	ambition	seem	to	be	considered	the	key	force	driving	the	exploitation	
of	open	data,	regardless	of	the	country	context.	In	relation	to	that,	political	priority,	senior	buy-in	and	
in-house	innovation	champions	were	mentioned.	A	clear	demand	form	the	private	sector	and	broader	
community	were	also	considered	important,	as	well	as	the	existence	of	a	wider	open	data	movement	
and	the	presence	of	knowledge	and	skills	for	actually	working	with	open	data	among	all	stakeholders.	

4.3.3 Needs	and	expectations	for	open	data-driven	innovation	

Participants	were	also	asked	about	the	main	needs	of	their	organisations	and	the	capacities	they	feel	
would	need	to	be	developed	with	regard	to	engaging	in	open	data-driven	innovation.	Although	a	few	
respondents	claimed	to	have	all	the	capacities	they	need,	most	mentioned	several	unmet	needs.	The	
ones	mentioned	 the	most	 frequently	 include	 the	 availability	 of	 open,	 high-quality,	 up-to-date	 and	
interoperable	data,	more	coherent	datasets	and	more	providers	of	the	same	type	of	data,	which	are	
seen	as	important	enablers	for	the	re-use	of	data	to	trigger	innovation.	This	should	be	supported	by	a	
full	understanding	of	the	benefits	of	open	data,	knowledge	and	data	literacy	within	the	organisations,	
as	well	as	skilled	manpower,	in	particular	data	analysts	(however,	it	was	also	stated	that	the	availability	
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of	 easily	 usable	 data	 reduces	 the	 need	 for	 qualified	 specialists).	 Time	 and	 money	 for	 innovative	
activities	were	also	seen	as	lacking	in	many	organisations.	In	addition	to	resources,	respondents	also	
mentioned	the	need	for	a	supportive	organisational	culture	and	innovative	ideas,	backed	up	by	senior	
management	and	staff	commitment	and	capable	change	management.	Some	also	saw	a	need	for	a	
more	holistic	approach	to	the	use	of	open	data,	such	as	making	open	data	part	of	the	general	digital	
policy	and	core	tasks	of	public	organisations	and	adopting	clear	strategies	for	the	exploitation	of	open	
data.	With	 regard	 to	 the	 external	 context,	 collaboration	 between	 public	 authorities,	 demand	 and	
support	 from	 stakeholders	 and	 capacity-building	were	 perceived	 as	missing	 factors.	 The	 latter,	 as	
emphasized	by	many,	should	involve	concrete	examples	and	instructions	for	extracting,	opening	and	
exploiting	data.	

Regarding	the	participants’	expectations	to	the	ways	in	which	public	sector	organisations	could	use	
open	data	 in	decision-making,	 a	number	of	possible	areas	were	mentioned	 in	which	governments	
could	make	better	use	of	open	data.	These	areas	could	broadly	be	divided	into	two	areas:	1)	data-
driven	 and	 evidence-based	 decision-making,	 and	 2)	 stakeholder	 participation	 and	 government	
transparency.	 The	 general	 view	 seemed	 to	 be	 that	 open	 data	 can	 enhance	 the	 efficiency	 and	
effectiveness	of	public	decisions,	help	root	public	decisions	in	real	needs,	and	increase	transparency	
and	 trust	 in	 public	 institutions.	According	 to	 the	 respondents,	 data-driven	decision-making	 can	be	
supported	by	data	analytics,	visualization	tools,	KPIs	and	dashboards.	Open	data	was	also	considered	
useful	 for	 strategic	 development,	 risk	 assessment,	 impact	 assessment	 and	 estimation	 of	 public	
acceptance	of	government	decisions	and	policies.	Governments	were	also	suggested	to	involve	third	
parties	 (including	 citizens,	 businesses,	 other	 stakeholders)	 in	 data	 aggregation	 to	 generate	 new	
insights.	For	citizen	and	stakeholder	engagement,	methods	such	as	crowdsourcing	could	be	used	to	
improve	 public	 services.	 Citizens’	 participation	 could	 also	 be	 used	 to	 identify	 problem	 areas	 by	
stakeholders.		On	the	other	hand,	the	transparency	of	decision-making	processes	could	be	advanced	
by	 publishing	 data	 that	 decisions	 are	 based	 on	 in	 the	 form	 of	 open	 data	 or	 linked	 open	 data.	
Respondents	also	suggested	re-using	data	from	other	sources	such	as	research	organisations,	public	
sector	 organisations	 and	 social	 media	 as	 input	 to	 decision-making.	 Finally,	 respondents	 made	
suggestions	for	facilitating	the	use	of	data	in	decision-making	–	among	other	ways,	this	could	be	done	
by	 sharing	 open	 data	 and	 good	 practices	 with	 other	 public	 administrations,	 as	 well	 as	 gather	
inspiration	from	grassroots	open	data	initiatives.	

One	participant	also	expressed	the	opinion	that	the	crucial	question	was	not	in	whether	governments	
use	open	or	closed	data	to	make	decisions	but	in	how	they	use	it:		

“It's	the	processes	that	are	taken	to	make	the	decision.	Hence,	sharing	and	
opening	the	decision	making	process	is	a	step	that	should	be	taken	-	"open	data"	
is	a	red	herring	in	this	context.”	

4.3.4 Policy	solutions:	successful	and	unsuccessful	examples	

In	 identifying	 successful	 policies	 or	 initiatives	 that	 have	 been	 used	 to	 promote	 open	 data-driven	
innovation	in	public	services	and	decision-making,	the	following	conclusions	can	be	drawn	on	the	basis	
of	responses.	The	respondents	were	also	asked	for	the	reasons	these	measures	were	successful.		

Many	respondents	emphasized	the	importance	of	setting	proper	legal	framework	on	strategies.		
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“The	"open	by	default"	policy	of	our	new	government	has	been	doing	great	work.	
All	of	the	municipalities	are	now	realising	they'll	have	to	open	up,	and	see	the	
benefit	of	it	(or	sometimes	need	examples	from	front-runners).”	

And,	the	importance	to	have	strategic,	comprehensive,	systematic	and	well	integrated	with	current	
state	of	the	art	as	well	as	future	trends	in	information	technology	open	data	policy.	

“In	my	opinion,	UK	has	a	number	of	successful	policies	used	to	promote	open	
data.	UK	government	issued	several	important	documents	and	requirements	for	
opening	up	data	and	for	providing	open	data	driven	services.	For	example,	see	
Open	Data	White	Paper	–	Unleashing	the	Potential,	HM	UK	Government	(June	
2012),	Information	principles	for	the	UK	public	sector	(30	April	2012),	etc.	I	do	not	
know	any	other	country	in	Europe	who	has	been	so	systematic	in	open	data	and	
also	linked	data	strategy.	By	the	way,	it	is	important	to	notice	that	UK	universities	
are	well	engaged	into	this	initiative.”	

“The	most	known	initiatives	in	Greece	regarding	open	data	is	the	Transparency	
Project.	It	combined	both	regulatory	actions	and	technical	solutions	to	give	birth	
to	a	highly	estimated	completely	open	system.	The	transparency	project	give	birth	
to	surrounding	ecosystem	of	small	applications	that	further	advances	the	open	
data	initiative	and	the	related	effects.”	

Although,	in	order	to	have	it	implemented,	competent	people	are	needed.		

“In	almost	all	the	cases,	the	main	reason	was	the	existence	of	people	within	a	
public	organisation	believing	in	the	power	and	potential	of	open	data.	Believers	
are	what	make	it	succesful.”	

“Vilnius	Municipality	hired	a	developer-open	data	evangelist	to	open	
municipality's	data	and	Open	Knowledge	(OKFN)	organisation.”	

And,	concrete	handbooks	should	be	provided	(e.g.,	http://opendatahandbook.org/guide/en/what-is-
open-data/#what-data-are-you-talking-about)	 that	 explain	 open	 data	 to	 administrative	 local	 civil	
servants	and	to	politicians.	

The	respondents	argued	if	public	services	offering	organisations	are	pushed	to	open	data,	this	will	be	
picked	 up	 by	 other	 stakeholders.	 The	 threshold	 for	 creating	 new	 services	 is	 low	 (data	 is	 free,	
structured,	easily	accessible)	and	that	enables	to	create	new	services	by	everyone.	

“In	most	cases,	successful	open	data	products	or	services	come	about	as	a	result	
of	a	specific	(and	often	personal)	frustration.	Apps	are	being	developed	by	a	
number	of	people	who	e.g.	had	it	with	untransparent	train	delays,	or	don’t	want	
to	take	a	certain	route	when	there’s	actually	a	better	way	to	get	from	a	to	z.”	

“Finland	discontinued	charging	for	digital	maps	in	2012.	This	resulted	in	increased	
use	of	spatial	data	by	50	times	in	three	months;	creation	of	first	application	
within	a	month,	recruitment	of	application	creators	by	small	enterprises,	
according	to	the	estimation	by	Finnish	ETLA,	the	sales	of	companies	dealing	with	
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map	data	will	increase	15%	faster	than	the	sales	of	companies	operating	in	other	
fields.”	

Hackathons	were	mentioned	by	many	respondents	(with	references,	e.g.,	to	http://appsforghent.be/,	
OKFN,	Open	data	hackathons	organized	by	Startup	Lithuania).	These	were	considered	important	for	
ideation	 and	 awareness.	 Also,	 other	 public	 co-creation	 events	 were	 mentioned	 (e.g.,	
http://2016.summerofcode.be/,	IT4GOV,	ODI)	

“IT4GOV	is	an	initiative/competition	organized	by	the	Ministry	of	Interior	in	
Greece	in	order	to	find	innovative	services	that	are	not	available	on	the	market	
and	that	aim	at	structuring	new	alternative	models	for	procedure	simplification	in	
public	administration	and	effective	eGovernment	services	which	will	provide	
innovative	solutions	for	useable	services	to	citizens	and	businesses.	This	kind	of	
initiatives	definitely	helps	to	promote	open	data-driven	innovation.”	

Finally,	awareness-raising	events,	such	as	workshops,	conferences,	etc.	were	considered	as	well.	For	
example,	Open	Belgium	conference	 is	about	bringing	 together	 the	data	owners	and	re-users/open	
communities	and	open	data	day	Flanders	 is	more	 focused	on	 the	data	owners	and	best	practices.	
FIWARE	/OASC/Creative	Ring	were	also	mentioned	as	initiatives	stimulating	open	data/open	services	
platforms	 and	 urban	 innovation,	 emphasising	 cross-hub/cross-country	 collaboration	 and	
interoperability.	

Several	respondents	were	convinced	that	such	hackathons,	public	co-creation	events	and	workshops,	
mostly	driven	by	organisations	outside	the	public	administrations	are	important.	They	are	driven	by	
innovators,	seeking	collaboration,	interaction	and	building	bridges,	and	should	be	continued	to	fund,	
to	 enable	 them	 to	 mature,	 to	 scale,	 to	 generate	 tangible	 outcomes,	 to	 disrupt	 the	 existing	 and	
overcome	resistance	to	change.	Such	initiatives	provide	good	motivation	for	citizens’	to	be	engaged:	
crowdsourcing	competition	prizes,	potential	of	forming	a	start-up	or	expand	the	research	conducted	
in	a	particular	field,	consume	useful	information	about	everyday	issues.	

At	the	same	time,	several	respondents	were	also	very	critical	of	hackathons,	mainly	as	they	

“…tend	to	[be]	one-off	and	tokenistic,	[while	being]	useful	for	exploration	or	
demonstration	but	not	sustainable	or	commercially	viable”	

in	particular,	when	connected	to		

“[…]	big	prizes	(e.g.	+10.000	euro).	Those	competitions	are	very	distant,	impersonal	and	will	
only	attract	ideas	and	applications	from	organisations	that	do	not	necessarily	care	about	open	
data,	[but]	only	about	the	possible	prizes.”	

As	the	last	question	in	the	survey,	we	asked	participants	whether	any	promising	policy	instruments	or	
initiatives	were	currently	missing	from	the	scene	either	at	the	national	or	EU	level,	which	might	be	
effective	in	advancing	the	use	of	open	data	for	the	co-creation	of	innovative	services.	We	received	a	
number	of	suggestions	concerning	different	levels	of	government	and	different	types	of	instruments,	
from	broad	strategies	to	specific	tools.		
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At	the	EU	level,	respondents	were	generally	satisfied	with	the	existing	policies,	in	particular	the	PSI	
directive.	However,	suggestions	were	made	to	give	more	attention	to	the	day-to-day	implementation	
of	the	directive	and	even	consider	an	update	to	the	directive	to	force	member	states	to	make	all	state	
information	 public	 free	 of	 charge.	 Respondents	 also	 frequently	 highlighted	 the	 need	 for	 data	
standardisation	policies,	which	should	be	tackled	at	a	cross-border	rather	than	national	level.		

As	to	national	policies	and	strategies,	a	number	of	respondents	emphasized	the	 importance	of	the	
open-by-default	 policy	 and	 the	 introduction	 of	 legislation	 to	 oblige	 governments	 to	 publish	
government	 data	 in	 open	 data	 formats,	 which	 is	 not	 yet	 the	 case	 in	 many	 member	 states.	 This	
obligation,	according	to	several	suggestions,	should	go	hand	in	hand	with	providing	a	central	free	open	
data	portal	where	local	and	national	governments	could	publish	their	data.	More	specific	suggestions	
for	these	kinds	of	central	data	portals	included	ensuring	their	ability	to	host	data,	sign-post	to	remote	
data,	cache	datasets	to	build	resilience	and	offer	on-the-fly	data	transformation	across	various	formats	
or	via	various	web	services	requests.			

Other	specific	data-related	policies	that	were	seen	to	be	missing	at	the	national	level	concerned	data	
infrastructure	 legislation	 for	 the	 maintenance	 and	 accessibility	 of	 high	 value	 data	 assets	 (e.g.	
geospatial	data),	the	creation	of	a	central	data	repository	with	API	capabilities,	implementation	of	the	
“API	first”	policy	(i.e.	the	principle	according	to	which	governments	should	prioritize	providing	good	
APIs	along	with	open	data	that	everyone	can	use	and	develop	new	services	upon).	Others	also	found	
it	 potentially	 helpful	 to	 introduce	 a	 centralized	 semantic	 classificatory	 for	 easier	 linking	 between	
different	 databases	 and	 analytical	 decision-making	 applications	 that	 would	 utilize	 data	 across	
government	agencies	and	administrative	areas.	

However,	 the	 realm	 of	 national	 government-level	 policies	 that	 could	 support	 open	 data-driven	
innovation	is	broader	than	that.	For	example,	several	suggestions	were	made	to	qualify	public	grant	
submissions	and	public	 tenders	against	open	data	or	even	oblige	open	data	publication	as	part	of	
public	procurement	and	funding	schemes.	Several	respondents	also	emphasized	the	need	to	review	
licencing	and	copyright	policies	–	first	of	all	in	the	sense	of	the	modernization	of	copyright	legislation	
in	 relation	 to	 public	 interest	 and	 new	 business	 models,	 and	 secondly	 encouraging	 a	 widespread	
adoption	of	free	software	licences	with	minimal	restrictions	and	maximum	compatibility,	such	as	the	
MIT	Licence.	

In	addition	to	broader	policies,	respondents	frequently	mentioned	the	need	to	offer	data	providers	
and	 users	 clear	 guidelines	 and	 optimal	 methods	 for	 providing	 and	 using	 open	 data	 (such	 as	 are	
currently	being	prepared	by	 the	 Information	Society	Development	Committee	 in	 Lithuania).	 These	
should	be	accompanied	with	efforts	to	publish	and	disseminate	case	studies	and	best	practices	as	well	
as	 funding	 schemes	 and	 incentives	 to	 support	 the	 publication	 of	 open	 data	 in	 organisations.	 The	
adoption	 and	 funding	 of	 different	 forms	 of	 collaboration	 (cross-border,	 cross-sectoral,	 inter-
organisational)	were	seen	as	an	important	measure	to	enable	learning	from	others’	experience,	adopt	
common	methodologies,	enhance	cooperation	between	data	producers	and	data	users	and	even	“co-
creating	a	cross-border	open	data	policy”.	

Another	broad	set	of	measures	which	according	to	many	respondents	should	be	further	strengthened	
concern	 building	 human	 capital	 and	 open	 data-related	 competences.	 For	 example,	 several	
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respondents	 found	 that	 public	 administration	 organisations	 need	 more	 professional	 data	
management	 and	 archiving	 capacities.	 Some	 suggested	 the	 establishment	 of	 a	 dedicated	 team	 of	
developers	to	focus	on	helping	public	 institutions	open	their	data,	others	proposed	the	creation	of	
innovation	 teams	 around	 internal	 change-agents,	 who	 should	 be	 given	 sufficient	 freedom	 to	
experiment	with	open	data	 in	 innovative	ways.	Systematic	 training	programs	and	courses	on	open	
data,	 linked	open	data	and	general	digital	 skills	were	 suggested	as	an	effective	measure	by	many,	
which	should	not	only	be	targeted	to	developers	but	also	public	servants	and	civil	society.	

4.4 Discussion		
Comparing	 the	 survey	 responses	with	 literature	on	public	 sector	 innovation,	 co-creation	and	open	
data,	it	appears	the	survey	results	largely	confirm	the	importance	of	the	key	barriers,	drivers	and	needs	
that	are	frequently	mentioned	in	literature.	For	example,	both	our	literature	review	and	the	survey	
strongly	suggest	that	the	lack	of	political	and	administrative	priority	and	leadership	is	a	key	barrier	for	
any	 innovative	undertaking	 in	 the	public	 sector,	 including	open	data	 innovation.	 This	 seems	 to	be	
closely	related	to	the	perceived	incompatibility	of	existing	administrative	and	organisational	cultures	
with	the	idea	of	co-creation.	Many	public	sector	organisations	still	exhibit	a	hostile	attitude	to	more	
open	 policy-making	 and	 service	 production	 and	 seem	 to	 lack	 understanding	 of	 the	 value	 that	 co-
creation	and	user	engagement	could	bring	to	existing	processes.		

What	our	survey	confirmed	is	that	a	similar	opposition	is	also	present	with	regard	to	publishing	open	
data.	According	to	the	survey	as	well	as	previous	findings	from	literature,	this	tends	to	be	associated	
with	the	public	administrators’	lack	of	knowledge	of	the	potential	value	and	benefits	of	open	data.	At	
the	same	time,	the	costs	of	opening	up	data	and	keeping	it	open	in	the	long	term	are	perceived	to	be	
high.	Coupled	with	a	limited	understanding	of	the	processes	and	tools	which	could	be	used	for	opening	
and	linking	data,	the	environment	for	innovative	uses	of	data	in	public	sector	organisations	does	not	
yet	seem	to	be	ripe.	

The	opposition	from	public	sector	organisations	is	also	possibly	closely	related	to	the	complexity	of	
organisational	innovation	and	the	resistance	of	public	administrators	to	fundamental	changes	in	their	
daily	administrative	procedures	and	business	models.	By	opening	up	data,	many	organisations	would	
lose	 an	 established	 source	 of	 revenue	 and	 for	 the	 moment	 there	 still	 seems	 to	 be	 very	 limited	
understanding	of	the	new	business	models	that	could	be	built	on	open	data.	Literature	suggests	that	
the	incompatibility	of	existing	administrative	procedures	and	resistance	to	organisational	change	is	
not	 only	 a	 problem	 for	 open	 data-driven	 innovation	 but	 a	 more	 general	 barrier	 to	 public	 sector	
innovation	in	general,	particularly	collaborative	kinds	of	innovation	that	presume	the	involvement	of	
non-governmental	 stakeholders	 in	 governance	 processes.	 However,	 as	 long	 as	 open	 data-driven	
service	co-creation	is	not	integrated	into	the	daily	work	of	organisations,	there	is	high	risk	that	such	
innovation	will	not	become	sustainable	practice.		

According	to	the	survey,	the	limited	and	unpredictable	support	of	governments	to	opening	up	public	
data	and	assuring	the	availability	of	open	data	in	the	long	run	also	decreases	the	incentives	for	private	
companies	and	non-governmental	organisations	 to	build	new	services	based	on	open	data.	At	 the	
same	 time,	 responses	 suggest	 that	 a	 lack	 of	 knowledge	 and	 skills	 related	 to	 open	 data	 is	 also	
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widespread	 among	 businesses	 and	 citizens.	 Therefore,	 some	 of	 the	 crucial	 barriers	 to	 open	 data-
driven	innovation	emerge	from	a	general	lack	of	awareness	across	different	stakeholder	groups.	

Somewhat	differently	from	broader	public	sector	innovation	literature	where	technology	seems	to	be	
less	 of	 a	 barrier	 than	 the	 context	 in	which	 it	 is	 implemented,	many	 of	 the	 barriers	 to	 open	 data	
innovation	still	seem	to	be	related	to	the	qualities	of	data	and	data	infrastructures.	Access	to	open	
data	and	its	poor	usability	are	often	mentioned	as	barriers	in	open	data	literature.	Our	survey	further	
reinforces	the	understanding	that	a	large	part	of	why	open	data-driven	innovation	has	not	taken	off	
is	 simply	due	 to	 the	 lack	of	open	data	 to	begin	with.	 The	unavailability	of	 important	data	 in	open	
formats,	the	poor	quality	of	data	that	has	been	opened,	and	lack	of	coherent	and	comparable	datasets	
across	different	jurisdictions	and	organisations	were	the	factors	that	were	the	most	frequently	cited	
as	barriers	by	the	survey	participants.	

At	the	same	time,	the	key	drivers	for	open	data	innovation	(including	LOSD	innovation)	are	also	very	
much	associated	with	technological	factors.	According	to	the	survey,	this	includes	the	availability	of	
open	data	 in	high-quality	and	easily	usable	forms,	which	should	be	supported	by	the	availability	of	
concrete	tools	and	applications	to	showcase	and	facilitate	the	use	of	open	data.		

The	survey	also	suggests	that	technology	needs	to	be	supported	by	a	favourable	context.	This	includes	
legislation	(in	particular	 the	 legislative	obligation	to	publish	government	data	 in	 (linked)	open	data	
formats	 for	 free)	 as	 well	 as	 specific	 policies	 and	 strategies	 to	 strengthen	 the	 implementation	 of	
legislation,	such	as	an	open	standards	policy	to	support	the	publication	of	open	data,	harmonization	
of	standards	across	borders,	and	a	broader	open	government	agenda	to	support	co-creation	with	non-
governmental	 stakeholders.	Naturally,	 funding	mechanisms	 for	making	data	open	and	engaging	 in	
open	data	innovation	were	also	seen	as	an	important	driver.	

One	of	the	main	source	of	innovation	is	seen	in	the	stakeholders	involved	in	different	stages	of	the	
provision,	design	and	use	of	data	and	services.	Here,	the	perceived	value	of	open	data	for	individuals	
and	organisations	seems	to	be	a	key	driver.	Stakeholders’	beliefs,	priorities,	preferences	and	actions	
were	among	the	most	frequently	mentioned	drivers	for	open	data-driven	innovation	in	our	survey.	In	
this	context,	it	was	considered	particularly	important	that	political	and	administrative	managers	and	
senior	staff	believe	in	the	usefulness	of	open	data	and	take	an	active	role	in	championing	open	data	
innovation.	However,	there	also	seems	to	be	a	vicious	circle	involved	–	as	long	as	public	managers	do	
not	perceive	a	sufficient	societal	demand	for	open	data,	they	remain	reluctant	to	embrace	open	data	
innovation;	 however,	 as	 long	 as	 public	 sector	 organisations	 do	 not	 provide	 and	 demonstrate	 the	
various	possible	uses	of	open	data,	public	demand	will	remain	low	due	to	the	lack	of	knowledge	and	
understanding	of	the	benefits	of	open	data.	

According	to	the	survey,	the	most	urgent	needs	of	organisations	and	stakeholders	for	engaging	in	open	
data-driven	 innovation	 are	 related	 to	 the	 availability	 and	 quality	 of	 data;	 the	 need	 for	 a	 better	
understanding	of	the	value	and	potential	uses	of	open	data;	open	data-related	skills;	time	and	financial	
resources	(in	innovation	literature	often	referred	to	as	organisational	slack);	supportive	organisational	
culture;	senior	management	support;	competent	change	management;	 integration	of	open	data	 in	
the	government’s	digital	policy	and	organisational	strategies;	active	cross-sectoral	collaboration,	and	
concrete	guidelines	for	working	with	open	data.	



	 	D1.1	–	OpenGovIntelligence	challenges	and	needs	

	

	

Page	41	of	156	

	

	

Therefore,	 we	 see	 that	 the	 key	 challenges	 and	 needs	 for	 open	 data	 innovation,	 including	 LOSD	
innovation,	can	be	related	to	three	main	categories:		

1. Technology	(open	data	and	data	infrastructures);	
2. The	context	of	technology	 implementation	(including	the	 legal,	administrative,	cultural	and	

organisational	environment,	stakeholders,	etc.);			
3. Processes	for	innovation	implementation	(including	processes	for	opening	up	and	exploiting	

data,	organisational	innovation,	best	practice-sharing,	user	involvement	and	co-creation).		

This	suggests	the	need	for	a	holistic	framework	for	supporting	LOSD	innovation,	which	is	the	key	task	
to	be	addressed	in	WP2.	Such	a	framework	should	take	into	account	1)	the	nature	of	data	and	data	
infrastructures	 that	 are	 the	 essential	 components	 of	 LOSD	 innovation;	 2)	 the	 barriers	 and	 drivers	
emerging	 from	 the	 existing	 attitudes,	 cultures,	 knowledge,	 skills,	 legislation,	 policies,	 strategies,	
organisational	procedures	and	routines,	etc.;	and	3)	the	precise	processes	that	can	be	employed	to	
enable	the	creation	of	high-quality,	meaningful,	coherent,	useful	and	usable	datasets,	facilitate	the	
use	of	such	datasets	for	public	sector	innovation,	enable	the	involvement	of	users	in	the	co-creation	
of	services	based	on	linked	statistical	open	data,	and	support	organisational	change	and	innovation	
management.	As	the	survey	demonstrated,	the	majority	of	the	needs	and	challenges	are	similar	across	
countries.	However,	 there	are	also	 slight	differences	 in	 the	existing	 level	of	open	data	awareness,	
“culture”,	legislation	and	policies.	Therefore,	the	framework	also	requires	validation	in	local	contexts.	
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5 Technical	challenges	and	needs	of	Linked	Open	Statistical	Data	

5.1 Linked	Open	Statistical	Data:	State-of-the-Art	

5.1.1 Conceptual	framework	

In	order	to	synthesize	the	accumulated	knowledge,	we	performed	a	concept-centric	analysis.	The	main	
characteristics	 of	 the	 area	were	 extracted	 and	 a	 conceptual	 framework	 for	 linked	data	 cubes	was	
created	in	order	to	structure	the	area.	Finally,	the	framework	was	employed	to	categorise	and	further	
analyse	the	literature	and	to	extract	insights	into	the	area	of	“linked	open	statistical	data”	or	“linked	
data	cubes”.	

The	proposed	framework	(Figure	5)	comprises	three	dimensions:	

• The	type	of	contributions	in	the	literature.	This	includes	software,	architecture,	formal	theory,	
vocabularies,	and	cases.	Some	of	these	categories	are	further	divided	into	sub-category.	For	
example,	 the	 vocabulary	 type	 can	 be	 related	 either	 to	 a	 definition	 of	 a	 vocabulary	 or	 the	
application	of	a	vocabulary.	

• The	linked	data	cube	analysis	steps.	These	include	data	cube	publishing,	exploiting,	combining,	
quality	assurance,	and	access	control.	Two	of	the	steps	are	further	divided.	The	exploit	step	
can	 refer	 to	 (a)	 browsing,	 (b)	 OLAP	 analysis,	 (c)	 visualisation,	 and	 (d)	 statistical	 analysis.	
Moreover,	quality	assurance	can	refer	to	either	instance-level	quality	or	schema-level	quality.	

• Application	areas	such	as	health,	finance,	and	environment.	

	
Figure	5	The	linked	open	statistical	data	framework	

5.1.2 Quantitative	Analysis	

We	now	employ	the	framework	in	order	to	gain	insight	into	the	research	on	linked	data	cubes.	We	
initially	categorise	the	article	based	on	the	three	dimensions.	
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Using	only	the	“Analysis	Step”	dimension	we	can	categorise	the	literature	into	the	five	steps.	The	vast	
majority	of	the	contributions	are	related	to	publishing	(42%)	and	exploitation	(37%).	The	rest	of	the	
contributions	are	related	to	combining	(13%),	“Quality”	(5%),	and	“Access”	(3%).	If	we	drill-down	in	
the	“Exploit”	step,	then	we	can	see	that	38%	of	the	contribution	refer	to	visualisation,	29%	to	OLAP	
analysis,	26%	to	statistical	analysis,	7%	to	browsing.	

Using	only	the	“Category”	dimension	of	the	framework	we	can	categorise	the	literature	based	on	the	
different	types	of	contributions.	The	vast	majority	of	the	contributions	describe	use	cases	(38%)	and	
present	software	tools	(38%).	Other	types	of	contributions	include	vocabularies	(15%),	formal	theory	
(7%),	and	architectures	(2%).		

Interestingly,	taking	into	account	only	the	“Application	Area”	dimension	we	can	see	that	40%	of	the	
contribution	are	domain-specific.	These	contributions	span	a	wide	range	of	domains	including	health,	
policy-making,	government,	environment,	economics,	biology,	and	tourism.	The	most	notable	domain	
is	health	that	characterise	25%	of	all	domain-specific	contributions.	

By	 synthesizing	 the	 results,	 we	 can	 further	 analyse	 the	 literature	 and	 make	 some	 interesting	
observations	regarding	the	research	contributions	so	 far.	First,	 it	 is	very	 important	 to	combine	the	
“Category”	 and	 “Analysis	 Step”	 dimensions.	 By	 doing	 so	 we	 can	 get	 two	 different	 views	 of	 the	
literature,	(a)	the	types	of	contributions	in	relation	to	the	analysis	step	and	(b)	the	analysis	steps	in	
relation	to	the	types	of	contributions.	

The	vast	majority	(64%)	of	the	use	cases	in	the	literature	are	about	publishing	and	only	20%	and	13%	
respectively	 describe	 cases	 of	 exploiting	 and	 combining.	 Software	 contributions	 mainly	 focus	 on	
requirements	 related	 to	 exploitation	 (56%).	 Out	 of	 these	 exploitation	 software	 contributions	 55%	
enables	 creating	visualisations,	24%	enables	performing	 statistical	analysis,	13%	enables	browsing,	
and	8%	enables	performing	OLAP	operations	on	top	of	 linked	data	cubes.	The	rest	of	the	software	
contributions	 facilitate	publishing	 (25%),	support	combining	 (19%),	ensure	cubes’	quality	 (6%),	and	
enable	 controlling	 access	 (3%)	 to	 linked	 data	 cubes.	 Interestingly,	 half	 of	 the	 contributions	 that	
introduce	 vocabularies	 support	 the	 publishing	 of	 linked	 data	 cubes	 (such	 as	 the	 RDF	 data	 cube	
vocabulary).	The	rest	of	the	vocabulary	related	contributions	focus	on	(a)	facilitating	the	exploitation	
(36%)	of	 linked	data	cubes,	 (b)	supporting	quality	assurance	(11%),	and	(c)	enabling	access	control	
(3%).	 Finally,	 formal	 theory	 related	 contributions	 focus	 only	 on	 issues	 related	 to	 linked	 data	 cube	
integration	and	exploitation.	

If	we	 study	 the	 analysis	 steps	 according	 to	 the	 types	of	 contribution,	we	 can	 come	up	with	 some	
interesting	results.	First,	the	majority	of	the	publishing	contributions	are	cases	(58%),	while	software	
(22%)	and	vocabularies	(18%)	follow.	The	majority	of	the	exploitation	contributions	are	software	(57%)	
with	use	cases	(21%),	vocabularies	(15%),	and	formal	theories	(7%)	coming	next.	Finally,	regarding	the	
contributions	about	combining	linked	data	cubes,	38%	are	use	cases,	29%	are	software	tools,	and	25%	
are	theoretical	contributions.	

We	can	also	combine	the	“Application	Area”	dimension	with	the	“Category”	dimension.	If	we	do	so,	
we	will	see	that	77%	of	all	software	tools	are	domain	independent.	The	same	metric	is	82%	and	79%	
in	the	case	of	software	tools	for	publishing	and	exploitation	respectively.	Interestingly,	however,	this	
percentage	goes	down	to	57%	in	the	specific	case	of	software	tools	that	support	combining	of	linked	
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data	cubes.	On	the	other	hand,	78%	of	all	vocabulary	contributions	are	domain	independent.	More	
specifically,	domain-specific	vocabularies	have	been	developed	only	for	publishing	and	access	control.	

5.1.3 Qualitative	Analysis	

We	now	focus	on	specific	types	of	contributions	of	major	importance,	namely	vocabularies,	software,	
architecture,	formal	theory,	and	use	cases.	

5.1.3.1 Vocabularies	

Publish.	Several	RDF	vocabularies	have	been	proposed	to	model	statistical	data	as	RDF.	Two	of	the	
first	vocabularies	introduced	were	the	Statistical	Data	and	Metadata	eXchange	(SDMX)1	information	
model	that	was	proposed	to	represent	statistical	data	and	make	them	available	using	web	services	
(Cyganiak	 et	 al.,	 2010)	 and	 the	 Statistical	 Core	 Vocabulary	 (SCOVO)2	 for	modeling	 and	 publishing	
statistical	data	(Hausenblas	et	al.,	2009).	Other	vocabularies	proposed	in	literature	include	DDI-RDF	
Discovery	Vocabulary	 (Bosch	&	Cyganiak,	2013)	 for	 the	discovery	of	 statistical	data	and	metadata,	
Open	Cubes	(Etcheverry	and	Vaisman,	2012a),	the	vocabulary	that	models	Data	Warehouses’	cubes	
(Diamantini	and	Potena,	2009),	the	SCOVOLink	ontology	that	extends	SCOVO	in	order	to	allows	the	
creation	of	links	between	the	data	and	the	described	entities	(Vrandečić	et	al.,	2010)	and	the	LOIUS	
ontology	that	also	extends	SCOVO	to	describe	statistics	about	University	student	activities	(Pirrotta,	
2010).	However	 the	mostly	used	vocabulary	 is	 the	RDF	Data	Cube	vocabulary	 (QB)3	 (Cyganiak	and	
Reynolds,	2014)	that	models	statistical	data	as	RDF.	The	first	version	of	QB	was	released	on	April	2012	
but	the	vocabulary	has	been	a	W3C	standard	since	January	2014.			

As	QB	 is	 the	most	widely	 used	 vocabulary	 in	 literature,	 a	 number	 of	 studies	 extend	 it	 in	 order	 to	
overcome	 some	 of	 the	 QB’s	 limitations	 or	 satisfy	 specific	 domains’	 needs	 and	 requirements.	 For	
example,	the	Linked	Clinical	Data	Cube	(LCDC)	is	a	vocabulary	that	combines	QB	and	DDI-RDF	in	order	
to	allow	the	publication	of	clinical	data	as	linked	data	(Lefort	&	Leroux,	2014).	Moreover,	Bandholtz	et	
al.’s	vocabulary	is	also	a	SCOVO-based	vocabulary	that	models	German	Environmental	Specimen	Bank	
(ESB),	data	that	describe	the	accumulation	of	pollutants/substances	in	test	subjects	at	specific	places	
with	respect	to	time	(Bandholtz	et	al.,	2009).	

Exploit	OLAP.	The	REA	(Resources,	events,	agents)	-	based	model	for	OLAP	cubes	(Schütz	et	al.,	2013).	
Prat	et	al.’s	model	that	represents	OLAP	cubes	as	an	OWL-DL	ontology	(Prat	et	al.,	2012a;	Prat	et	al.,	
2012b).	Another	example	is	the	QB4OLAP	vocabulary,	that	extends	QB	in	order	to	allow	implementing	
OLAP	operations	on	cubes	such	as	rollup,	slice,	dice	and	drill-across	using	SPARQL	queries	(Etcheverry	
and	Vaisman,	2012b;	Etcheverry	et	al.,	2014;	Etcheverry	et	al.,	2015).	

Exploit	Statistical	Analysis.	Follenfant	et	al.’s	model	(2011)	is	an	extension	to	the	QB	vocabulary	that	
enables	 the	 description	 of	 analytical	 processes	 (e.g.	 data	 analysis)	 that	 can	 be	 performed	 within	
reporting	tools.	

																																																													
	
1 http://purl.org/linked-data/sdmx 
2 http://vocab.deri.ie/scovo  
3 https://www.w3.org/TR/vocab-data-cube/  
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Quality.	A	number	of	vocabularies	or	extensions	to	existing	vocabularies	in	literature	aim	to	increase	
the	quality	of	data	cubes.	For	example,	Meroño-Peñuela	et	al.	(2015b)	propose	an	extension	to	the	
QB	vocabulary	so	as	to	facilitate	the	identification	of	inconsistencies	in	data	cubes.	Moreover,	Gayo	et	
al.	(2013)	propose	an	extension	to	the	QB	vocabulary	to	represent	computational	 index	structures.	
The	vocabulary	can	be	used	to	compute	and	validate	any	type	of	statistical	index.	Additional	studies	
propose	RDF	constraints	that	can	be	used	to	evaluate	the	quality	of	statistical	data	modeled	as	cubes	
(Hartmann	et	al.,	2015a	and	Hartmann	et	al.,	2015b).	

Access	Control.	LiMDAC	metadata	model	for	describing	medical	data	cubes	and	LiMDAC	access	policy	
model	 for	medical	 data	 proposed	 by	 Kamateri	 et	 al.	 (2014)	 can	 be	 used	 to	 define	 the	 data	 to	 be	
protected	and	to	whom	access	is	granted	or	denied.	

Recently,	however,	the	focus	has	been	moved	from	the	definition	to	the	application	of	vocabularies.	
For	 example,	 Becker	 et	 al.	 (2015a)	 performed	 a	 quantitative	 survey	 on	 how	 the	QB	 vocabulary	 is	
applied	 to	model	multidimensional	 data.	 Kalampokis	 et	 al.	 (2015)	 also	 investigated	 the	 challenges	
related	to	the	different	practices	that	can	be	followed	in	applying	the	QB	vocabulary.	

5.1.3.2 Software	

Publish.	A	number	of	software	solutions	have	been	developed	that	aim	to	facilitate	the	publishing	of	
multidimensional	data.	For	example,	the	OpenCube	toolkit4	(Kalampokis	et	al.,	2014;	Kalampokis	et	
al.,	2016)	includes	a	number	of	open	source	software	components	that	have	been	developed	to	enable	
data	 cubes	 publishing.	 Specifically,	 the	 OpenCube	 toolkit	 includes	 the	 TARQL	 extension5	 for	 the	
conversion	 of	 legacy	 tabular	 data	 to	 RDF,	 the	 D2RQ	 data	 cubes	 extension6	 for	 the	 conversion	 of	
relational	databases	to	RDF,	the	JSON-stat2qb	data	cubes	extension7	for	the	conversion	of	JSON-stat	
files	 into	RDF	and	 the	R2RML	data	cubes	extension	 for	data	 transformation	of	cubes	structured	 in	
tabular	sources	to	linked	data	cubes.	Another	example	is	the	LOD2	Statistical	Workbench8	(Janev	et	
al.,	2014)	that	includes	a	set	of	tools	for	accessing,	manipulating,	exploring	and	publishing	statistical	
data.	Specifically,	LOD2	includes	tools	for	importing	and	editing	cubes,	and	managing	their	dimensions	
and	 code	 lists.	 Moreover,	 LODStats9	 (Ermilov	 et	 al.,	 2013)	 is	 a	 web-based	 tool	 that	 collects	 and	
publishes	statistics	about	the	LOD	cloud.	At	the	same	time,	OLAP2DataCube	(Salas	et	al.,	2012a;	Salas	
et	al.,	2012b)	and	the	CSV2DataCube	(Salas	et	al.,	2012a)	are	both	plug-ins	 for	 the	Ontowiki10	 tool	
(Frischmuth	et	al.,	2015)	for	extracting	and	publishing	statistical	data	in	RDF.	Specifically,	the	two	plug-
ins	enable	 the	publishing	of	OLAP	databases	 to	RDF	and	CSV	data	 to	RDF	respectively.	TabLinker11	
(Meroño-Peñuela	et	al.,	2013)	is	also	a	tool	for	publishing	Excel	data	as	data	cubes.	Another	tool	for	

																																																													
	
4 http://opencube-toolkit.eu/  
5 http://opencube-toolkit.eu/tarql-extension-for-data-cubes/  
6 http://opencube-toolkit.eu/d2rq-extension-for-data-cubes/  
7 http://opencube-toolkit.eu/json-stat2qb-extension-for-data-cubes/  
8 http://lod2.stat.gov.rs/lod2statworkbench  
9 http://stats.lod2.eu/  
10 http://aksw.org/Projects/OntoWiki.html  
11 https://github.com/Data2Semantics/TabLinker  
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publishing	is	also	developed	by	the	Italian	National	Institute	of	Statistics	(Istat).	The	proposed	solution	
aims	to	facilitate	the	mapping	from	the	SDMX	data	model	to	the	QB	vocabulary.	

Exploit	Browse.	A	number	of	software	solutions	also	enable	the	browsing	of	data	cubes.	For	example,	
LSD	Dimensions	 (Meroño-Peñuela	et	al.,	2014)	 is	a	web-based	 tool	 for	monitoring	dimensions	and	
codes	(i.e.	variables	and	values)	of	data	cubes.	It	provides	users	with	a	list	of	the	dimensions	of	cubes	
stores	in	Datahub.io	and	allows	users	to	browse	them.	Linked	Data	Cubes	Explorer	(LDCX)12	(Kämpgen	
&	Harth,	2014)	 is	another	 tool	 that	enables	 the	browsing	of	data	cubes.	 It	allows	users	 to	select	a	
number	of	datasets	and	show	and	explore	their	dimensions	and	measures.	The	OpenCube	Browser	
(Kalampokis	et	al.,	2016)	is	also	a	tool	that	provides	functionalities	for	exploring	linked	open	statistical	
data	 cubes.	 Finally,	 the	Data	 catalogue	management	 solution13,	 also	part	of	 the	OpenCube	 tookit,	
provides	wiki	pages	and	templates	for	viewing	data	catalogue	concepts,	such	as	catalogues,	datasets,	
data	distributions,	etc.	

Exploit	OLAP.	The	OpenCube	OLAP	Browser14	is	a	tool	that	enables	using	linked	data	cubes	to	perform	
OLAP	operations	(such	as	drill-down,	roll-up	and	pivot).	Saad	et	al.	(2013)	also	implement	a	prototype	
that	enables	performing	OLAP	operations	on	top	of	data	cubes.	Specifically,	the	prototype	allows	users	
to	select	a	data	cube	and	then	select	the	OLAP	operation	he	wants	to	apply	on	it.	

Exploit	visualizations.	A	number	of	tools	have	been	developed	aiming	at	producing	meaningful	charts,	
maps	and	other	visualizations	out	of	statistical	data	cubes.	Visualizations	vary	from	charts	to	maps.	
For	example,	the	OpenCube	MapView15	(Tambouris	et	al.,	2015),	part	of	the	OpenCube	toolkit,	enables	
visualizations	 of	 linked	 data	 cubes	 with	 a	 geo-spatial	 dimension	 on	 maps.	 The	 Interactive	 chart	
visualization	widgets16	which	is	also	part	of	the	OpenCube	toolkit,	allows	the	visualization	of	RDF	data	
cubes,	 in	 particular,	 time	 series	 data	 using	 charts.	 Another	 example	 is	 the	 LOD2	 Statistical	
Workbench17	(Janev	et	al.,	2014)	that	provides	CubeViz	(Mader	et	al.,	2014;	Martin	et	al.,	2015),	a	tool	
for	visualizing	a	data	cube’s	observations	with	suitable	charts.	Moreover,	Map4rdf	(Leon	et	al.,	2012)	
is	a	browsing	tool	that	allows	the	exploring	and	visualization	of	RDF	data	cubes	that	include	geospatial	
information	using	maps.	Map4rdf	supports	Google	Maps18	and	OpenStreetMap19.	Map4rdf	has	also	a	
mobile	compatible	counterpart,	Map4RDF-iOS	app	which	can	be	installed	in	mobile	devices	with	iOS	
and	 offers	 similar	 functionalities	 with	 Map4rdf.	 Another	 visualization	 tool	 is	 the	 Linked	 Data	
Visualisation	Model	(Helmich	et	al.,	2014)	that	also	includes	a	plug-in	to	facilitate	the	publication	non-
data	cubes	as	cubes.	The	CODE	Visualisation	Wizard	(Mutlu	et	al.,	2013;	Mutlu	et	al.,	2014;	Tschinkel	
et	al.,	2014)	is	also	a	platform	that	imports	statistical	data,	transforms	them	to	data	cubes	and	suggests	
and	creates	visualizations	(bar	charts,	lines,	pies	etc.)	on	top	of	them.	ETIHQ	visual	dashboard	(Sabou	
et	al.,	2015)	is	also	a	software	that	allows	the	visualization	of	tourism	indicators	modeled	as	data	cubes	

																																																													
	
12 http://km.aifb.kit.edu/projects/ldcx/  
13 http://opencube-toolkit.eu/data-catalogue-management-solution/  
14 http://opencube-toolkit.eu/opencube-olap-browser/  
15 http://opencube-toolkit.eu/opencube-map-view/  
16 http://opencube-toolkit.eu/interactive-chart-visualization-widgets/  
17 http://lod2.stat.gov.rs/lod2statworkbench  
18 https://developers.google.com/maps/  
19 http://www.openstreetmap.org/#map=5/51.500/-0.100  
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and	was	developed	 to	 enhance	 the	decision	making	of	Destination	Marketing	Organizations.	 qb.js	
(McCusker	et	al.,	2013)	is	also	another	tool	that	enables	the	creation	of	visualizations	from	data	cubes	
without	requiring	knowledge	of	linked	data	or	semantic	tools.		

Exploit	Statistical	Analysis.	Software	solutions	described	in	literature	also	allow	performing	various	
types	of	analytics	on	top	of	data	cubes.	For	example,	the	Linked	Open	Data	Extension	of	Rapidminer	
adds	to	Rapidminer	the	Data	Cube	Importer	operator	(Ristoski	et	al.,	2015).	The	operator	enables	the	
importing	of	data	model	using	the	QB	vocabulary	so	as	to	perform	a	plethora	of	statistical	analyses	
and	 predictive	 analytics	 functions.	Moreover,	 the	 R	 statistical	 analysis	module20	 of	 the	OpenCube	
toolkit	allows	applying	statistical	analysis	methods	to	data	represented	as	RDF	data	cubes.	

Combine.	 A	 lot	 of	 tools	 enable	 the	 integration	 of	 data	 cubes.	 For	 example,	 the	 OpenCube	
Compatibility	 Explorer21	 of	 the	 OpenCube	 toolkit	 allows	 users	 to	 identify	 compatible	 cubes	 for	
potential	 merge	 and	 then	 establish	 typed	 links	 to	 facilitate	 discovery.	 Moreover,	 the	 OpenCube	
Aggregator22	of	the	OpenCube	toolkit	enables	the	aggregation	of	cubes	across	a	dimension	or	across	
a	hierarchy.	The	OpenCube	expander23	is	another	tool	included	in	the	OpenCube	toolkit	that	allows	
searching	for	compatible	cubes	and	creating	new	expanded	cubes	by	merging	two	compatible	cubes.	
Another	example	is	the	LOD2	Statistical	Workbench24	(Janev	et	al.,	2014)	includes	tools	for	interlinking	
the	dimensions	of	 two	data	cubes	and	 for	enriching	data	cubes	with	external	data	 (e.g.	data	 from	
dbpedia).	 Bacon	 (Bayerl	 et	 al.,	 2015)	 is	 also	 an	 open	 source	 software	 that	 enables	 the	 fusion	 of	
semantically	associated	cubes	and	the	integration	of	related	cubes	into	a	single	cube.	The	discovery	
of	relative	cubes	is	based	on	the	structure	as	well	as	the	content	of	the	cubes	and	the	efficiency	of	the	
integration	is	increased	by	allowing	the	modification	of	the	structure	of	and	also	by	detecting	duplicate	
information	in	the	integrated	cube.		

Quality	-	Schema.	Relevant	studies	propose	validation	tools	such	as	the	RDF	Data	Cube	Validation	tool	
which	is	part	of	the	LOD2	Statistical	Workbench	and	can	be	used	to	validate	the	integrity	constraints	
defined	in	the	QB	vocabulary	specification	and	also	to	automatic	repair	identified	errors	(Janev	et	al.,	
2013)	 and	 Vital25	 that	 supports	 data	 publishers	 in	 the	 detections	 of	 bugs	 in	 data	 cubes	 such	 as	 :	
insufficient	documentation,	wrong	data	types,	syntax	errors	in	URIs	and	inconsistencies	between	the	
data	structure	specifications	and	the	observations	(Daga	et	al.,	2014).	

Quality	–	Data.	Relevant	tools	 for	the	assessment	of	the	quality	of	data	cubes	 include	Computex26	
(Gayo	et	al.,	2013),	a	service	that	allows	the	validation	of	statistical	index	data	represented	as	data	
cubes.	

																																																													
	
20 http://opencube-toolkit.eu/r-statistical-analysis-module/  
21 http://opencube-toolkit.eu/opencube-compatibility-explorer/  
22 http://opencube-toolkit.eu/opencube-aggregator/  
23 http://opencube-toolkit.eu/opencube-expander/  
24 http://lod2.stat.gov.rs/lod2statworkbench  
25 http://data.open.ac.uk/demo/vital/  
26 http://computex.herokuapp.com/  
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Access	Control.	Kamateri	et	al.	 (2014)	propose	LiMDAC,	a	proof-of-concept	platform	developed	to	
evaluate	their	framework	that	enables	controlling	the	access	to	medical	data	cubes.	

5.1.3.3 Architecture	

Publish.	Ruback	et	al.	(2013)	propose	an	architecture	that	acts	as	a	mediator	for	publishing	statistical	
data	stored	in	relational	databases	as	data	cubes.		

Exploit	OLAP.	Kämpgen	&	Harth	(2014)	propose	OLAP4LOD	architecture	to	assists	developers	create	
applications	over	statistical	data	modeled	as	data	cubes.	The	architecture	can	be	used,	for	example,	
to	create	applications	that	exploit	and	analyse	statistical	data	modeled	using	the	QB	vocabulary.	

5.1.3.4 Formal	Theory	

Exploit	OLAP.	Kämpgen	et	al.	(2015)	are	using	OLAP	algebra	to	formally	define	OLAP	operations	on	
data	cubes.	They	also	present	a	way	to	transform	OLAP	queries	to	SPARQL	queries.	In	addition,	Saad	
et	al.	(2013)	also	use	OLAP	algebra	to	translate	OLAP	operations	to	SPARQL	queries	that	can	be	applied	
to	data	cubes.	

Combine.	A	number	of	studies	present	work	related	to	the	formal	theory	of	cubes’	integration.	For	
example,	Meimaris	 et	 al.	 (2014,	 2016)	 propose	 three	methods	 of	 identifying	 complementary	 and	
containment	relationships	between	QB	observations.	A	containment	relationship	captures	whether	
an	 observation	 contains	 aggregated	 information	 with	 respect	 to	 other	 observations	 while	 a	
complementarity	relationship	captures	whether	the	measures	of	two	observations	can	be	combined	
together,	 providing	 comparable	 data	 for	 QB	 observations.	 Moreover,	 Do	 et	 al.	 (2015b)	 develop	
mechanisms	 for	 the	 interconnection	 of	 data	 sets	 based	 on	 their	metadata	 (i.e.	 components	 such	
dimensions,	measure	and	attributes	or	values	of	dimensions	or	values	of	attributes).	Their	approach	
is	based	on	spatial	and	temporal	dimensions.	

5.1.3.5 Use	Cases	

Publish.	A	large	number	of	studies	in	literature	present	the	results	of	different	cases	of	statistical	data	
publishing	as	cubes.	Most	of	them	make	use	of	the	QB	vocabulary	to	publish	statistical	data	as	RDF	
especially	after	the	QB	vocabulary	became	a	W3C	recommendation.	These	studies	are	usually	applied	
in	different	domains	an,	sometimes,	in	specific	countries.	For	example,	in	the	health	domain,	Zaveri	et	
al.	(2011)	integrate	and	publish	data	1)	regarding	diseases	and	2)	the	respective	research	investments	
as	cubes	in	order	to	reduce	the	research-disease	burden	and	Zaveri	et	al.	(2013)	publish	clinical	data	
from	the	Global	Health	Observatory	(GHO)	of	the	United	Nations’	World	Health	Organization	(WHO)	
as	RDF	data	cubes.	

Census	data	 is	 also	 another	 category	of	data	 that	 are	widely	used	 in	 relative	 cases	of	 data	 cubes’	
publishing.	For	example,	Meroño-Peñuela	et	al.	(2015a)	publish	CEDAR,	the	Dutch	historical	censuses	
as	data	cubes	in	order	to	detect	extensional	concept	drift,	Petrou	et	al.	(2013)	publish	Greek	residential	
statistical	data	as	linked	data,	Janev	et	al.	(2012)	publish	Serbian	open	statistical	data	as	data	cubes,	
Aracri	et	al.	(2014)	on	behalf	of	Istat	(aka	the	Italian	National	Institute	of	Statistics)	published	Italian	
population	and	housing	census	data	as	linked	data	and	Zancanaro	et	al.	(2013)	also	present	a	case	for	
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publishing	 multidimensional	 statistical	 linked	 data.	 In	 their	 case,	 they	 identify	 Brazilian	 open	
government	data	and	published	them	as	data	cubes	using	the	QB	vocabulary.	

In	 the	domain	of	 environment	 and	 climate	 Lefort	 et	 al.	 (2012)	publish	ACORN-SAT,	 a	dataset	 that	
contains	Australia’s	daily	temperature	over	the	last	100	years	and	Leforta	et	al.	(2013)	publish	data	
cubes	using	datasets	of	the	Australian	Bureau	of	Meteorology	about	daily	temperature	over	the	last	
100	years.	They	create	cubes	using	the	Semantic	Sensor	Network	ontology	and	the	QB	vocabulary.	

In	 addition,	 Ceolin	 et	 al.	 (2010)	 used	 the	 RDF	 data	 cube	 vocabulary	 to	 model	 data	 regarding	
annotations	of	experts	for	museum	artifacts,	Hallo	et	al.	(2015)	in	their	study	use	the	QB	vocabulary	
to	publish	statistical	scientific	data	from	Open	Journal	systems,	Höffner	et	al.	(2015)	publish	finance	
data	from	the	OpenSpending.org	platform	as	data	cubes	creating	the	LinkedSpending	dataset	with	
more	than	five	million	planned	and	carried	out	financial	transactions	in	627	data	sets	from	all	over	the	
world	from	2005	to	2035.	In	the	domain	of	tourism,	Sabou	et	al.	(2015)	publish	tourism-related	data	
as	 data	 cubes	 also	 using	 the	 QB	 vocabulary.	 	 Vilches-Blázquez	 et.	 (2014)	 also	 present	 a	 case	 of	
publishing	geospatial	data	from	Spanish	National	data	sets.	

Exploit	Visualization.	A	number	of	cases	in	literature	also	try	to	prove	the	importance	of	re-using	data	
cubes	using	visualizations.	For	example,	Koho	et	al.,	(2012)	visualized	bird	observations	and	related	
weather	data	to	assist	ornithologists,	bird	watchers	and	researchers	to	explore	these	data.		

Exploit	Statistical	Analysis.	A	number	of	studies	in	literature	showcase	the	statistical	analysis	of	data	
cubes.	 For	 example,	 Zapilko	 &	 Mathiak’s	 approach	 (2011)	 aims	 at	 assisting	 researchers	 perform	
statistical	analysis	on	linked	data.	Specifically,	they	propose	using	SPARQL	queries	in	order	to	combine	
data	from	distributed	sources	and	then	apply	simple	statistical	calculations,	such	as	the	computation	
of	the	variance	of	data	or	the	creation	of	linear	regression	models.	To	this	end,	they	propose	a	three	
step	process:	1)	create	a	SPARQL	query	using	UNION	operator	to	select	numerical	values	from	data,	
2)	 store	 results	 in	arrays	and	3)	perform	the	statistical	 calculations	on	 results.	Moreover,	Celino	&	
Calegari	 (2014)	present	 a	 case	of	 exploiting	Milano’s	 geo-statistical	 data.	 Specifically,	 they	used	 k-
means	clustering	to	prove	the	correlation	between	population	demographics	from	the	Italian	Institute	
for	Statistics	and	mobile	phone	activity	data	provided	by	the	Telecom	Italia	mobile	operator	regarding	
the	city	of	Milano.	They	represented	the	results	of	the	correlation	as	cubes.	Kalampokis	et	al.	(2013)	
also	describe	a	case	study	related	the	general	elections	of	the	United	Kingdom.	They	used	data	from	
data.gov.uk,	the	official	UK’s	portal	that	were	modeled	as	data	cubes	in	order	to	prove	the	value	of	
exploiting	data	cubes.	McCusker	et	al.	 (2013)	also	created	a	case	that	explores	the	hypothesis	that	
youth	tobacco	access	 laws	have	consistent,	measurable	 impacts	on	the	rate	of	change	 in	cigarette	
smoking	among	high	school	students	over	time.	To	this	end,	they	modeled	relevant	statistical	data	as	
data	cubes	and	explored	the	correlation	between	them	using	linear	regression.	

Combine.	A	number	of	cases	 in	 literature	also	showcase	the	 importance	of	the	 integration	of	data	
cubes.	 For	 example,	 Do	 et	 al.	 (2015a)	 integrate	 data	 cubes	 coming	 from	 multiple	 data	 sources,	
published	in	varying	formats,	use	heterogeneous	scales,	and	are	accessible	by	different	means.	Sato	
et	al.	(2013)	also	carried	out	a	matching	between	data	cubes	from	different	data	sources	using	country	
codes	of	area	dimensions	of	the	two	statistics	and	year	codes	of	time	dimensions	of	them.	They	found	
that	it	would	be	easy	to	identify	possible	matching	between	data	cubes	if	the	appropriate	upper-level	
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resources	were	referred	to	and	if	the	usage	of	external	codes	were	identified	in	the	schema-level.	In	
addition,	Becker	et	al.	(2015b)	present	a	case	of	data	cubes	integration.	Their	approach	allows	vertical	
(i.e.	union	of	observations	from	different	data	cubes	that	use	the	same	data	structure	definition)	as	
well	 as	horizontal	 integration	 (i.e.	 integration	datasets	with	different	 structure	definitions)	of	data	
cubes.	Vilches-Blázquez	et	al.	 (2014)	also	present	a	case	of	 integrating	geospatial	Spanish	National	
data	 sets	 coming	 from	 different	 sources	 (heterogeneous,	 multidisciplinary,	 multitemporal,	
multiresolution,	and	multilingual).	

5.2 Challenges	&	needs	regarding	LOSD	interoperability	
The	literature	review	as	well	as	our	experience	in	the	development	of	LOSD	software	tools	reveals	that	
LOSD	interoperability	is	one	of	the	major	challenges	that	the	community	needs	to	address	in	order	to	
achieve	 the	wide	 adoption	 of	 LOSD.	 The	 achievement	 of	 LOSD	 interoperability	will	 enable	 (a)	 the	
combination	of	data	cubes	across	multiple	portals	and	(b)	the	development	of	generic	software	tools	
that	can	be	widely	 re-used.	At	 this	 section	we	present	 the	results	of	 the	study	 that	we	performed	
towards	this	direction.	The	first	two	steps	(“Identification	of	conflicting	practices”	and	“Understanding	
of	conflicting	practices”)	are	presented	in	detail,	while	the	last	step	“Consensus	on	common	practices”	
is	still	a	work	in	progress,	so	we	present	the	results	so	far.	The	complete	results	will	be	presented	at	
WP5.	

5.2.1 Identification	of	conflicting	practices	

The	LOSD	exploiting	challenges	occur	due	to	different	publishing	practices	adopted	by	 the	existing	
portals	that	create	non-interoperable	data.	In	this	section	we	aim	at	identifying	all	these	conflicting	
practices.	As	a	first	step	we	identify	all	the	existing	LOSD	official	portals,	and	then	we	identify	the	types	
of	 conflicts	 that	might	 occur	 at	 LOSD	 through	 a	 state	 of	 the	 art	 analysis.	 Finally,	 we	 identify	 the	
conflicting	practices	that	occur	at	the	LOSD	portals	using	the	outcome	of	the	two	previous	steps.	

5.2.1.1 LOSD	official	portals	

At	the	moment,	a	number	of	LOSD	are	available	on	the	Web	through	dedicated	portals.	Some	of	them	
are	official	efforts	launched	by	the	organizations	that	own	the	data.	At	the	following	paragraphs	we	
briefly	describe	each	of	the	existing	official	LOSD	portals.	
	
The	 Scottish	 Government27	 provides	 the	 data	 behind	 their	 official	 statistics	 on	 “Neighborhood	
Statistics"	as	 linked	data.	They	offer	131	 linked	data	cubes	categorized	to	15	themes	(e.g.	housing,	
transport).	The	cubes	comprise	17	distinct	measures	and	84	dimensions.	The	offered	cubes	contain	in	
average	657717	observations,	while	the	geospatial	dimension	has	8475	distinct	values	and	the	time	
dimension	139	distinct	values.	The	geography	(e.g.	Parliamentary	Constituencies,	Council	Areas)	and	
time	(e.g.	2002,	2002-Q1)	has	values	at	different	levels.	
	
The	UK	Department	 for	Communities	and	Local	Government	 (DCLG)28	provides	official	 linked	open	
data	of	a	selection	of	statistics	including	local	government	finance,	housing	and	homelessness,	well-
																																																													
	
27 http://statistics.gov.scot/ 
28 http://opendatacommunities.org/ 
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being	and	deprivation.	They	offer	233	linked	data	cubes	categorized	to	14	themes	(e.g.	homelessness,	
societal	well-being).	The	offered	cubes	comprise	106	distinct	measures,	94	dimensions	and	contain	in	
average	14437	observations	per	cube.	The	geography	dimension	has	89869	distinct	values	and	the	
time	dimension	110	distinct	values,	while	both	have	values	at	different	levels	e.g.	County,	Region	and	
2002,	2002-Q1.	

The	Italian	National	Institute	of	Statistics	(ISTAT)29	makes	available	the	Italian	Population	and	Housing	
Census	2011	as	linked	data.	They	offer	8	linked	data	cubes	that	comprise	8	distinct	measures	and	20	
dimensions.	 The	 offered	 cubes	 contain	 in	 average	 7060284	 observations,	 while	 the	 geography	
dimension	 has	 426725	 distinct	 values	 at	 different	 granularity	 e.g.	 	 region,	 province.	 The	 time	
dimension	has	a	fixed	value	since	data	are	only	for	2011.		
	
The	Irish	Census	201130	 is	published	as	linked	data	cubes	providing	a	comprehensive	picture	of	the	
social	and	living	conditions	of	the	people.	They	offer	682	linked	data	cubes	that	comprise	19	distinct	
measures	 and	 50	 dimensions.	 The	 offered	 cubes	 contain	 in	 average	 5292	 observations,	while	 the	
geography	dimension	has	4806	distinct	values	at	different	levels	e.g.	County,	Electoral	Division	etc.	
The	time	dimension	does	not	exist	since	data	are	only	for	2011.	A	peculiarity	of	the	Irish	Census	data	
cubes	 is	that	they	offer	different	data	cubes	for	each	of	the	geographical	 levels.	For	example,	they	
offer	12	cubes	that	measure	the	unemployment	one	for	each	of	the	12	geographical	levels.	
	
The	European	Commission’s	Digital	Agenda31	provides	its	Scoreboard	as	linked	data	cubes.	They	offer	
4	linked	data	cubes	that	comprise	7	distinct	measures	and	16	dimensions.	The	offered	cubes	contain	
in	average	145155	observations,	while	the	geography	dimension	has	61	distinct	values	and	the	time	
dimension	77	distinct	values.	The	geography	(e.g.	Greece,	European	Union	28)	and	time	(e.g.	2002,	
2002-Q1)	has	values	at	different	levels.	A	peculiarity	of	the	Digital	Agenda	data	cubes	is	that	they	use	
a	\super-dimension"	to	embrace	the	values	of	dimensions	other	than	time	and	geography.	This	means	
that	many	cubes	are	conceptually	 integrated	together	through	the	use	of	the	super-dimension	e.g.	
“Individuals	 who	 are	 born	 in	 non-EU	 country",	 “Individuals	 with	 high	 formal	 education",	
“Unemployed".	
	
The	Flemish	Government32	makes	available	some	of	their	data	as	link	data	cubes.	The	cubes	have	been	
published	through	the	OpenCube	project	with	the	official	permission	and	contribution	of	the	Flemish	
Government.	Specifically,	they	offer	11	linked	data	cubes	that	comprise	27	distinct	measures	and	27	
dimensions.	The	offered	cubes	contain	in	average	69687	observations,	while	the	geography	dimension	
has	589	distinct	values	and	the	time	dimension	25	distinct	values.	The	geography	dimension	has	values	
at	different	levels	e.g.	region,	province,	district.		
	
At	the	same	time,	a	number	of	datasets	have	been	transformed	to	linked	data	cubes	in	third	parties	
activities	(unofficial).	For	example,	a	linked	data	transformation	of	Eurostat’s	data,	which	was	created	
in	 the	 course	 of	 a	 research	 project,	 includes	 more	 than	 5,000	 linked	 data	 cubes.	 Moreover,	 few	
statistical	datasets	 from	 the	European	Central	Bank,	World	Bank,	UNESCO	and	other	 international	
organizations	have	been	also	transformed	to	linked	data	in	a	third	party	activity.	In	addition,	census	

																																																													
	
29 http://datiopen.istat.it/ 
30 http://data.cso.ie/ 
31 http://digital-agenda-data.eu/ 
32 http://data.opendataforum.info 
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data	of	2011	from	Greece	and	historical	censuses	from	the	Netherlands	are	available	as	linked	data	
cubes.	

Table	1	Official	LOSD	portals	

	 Scottish	 DCLG	 ISTAT	 Irish	

CSO	

Flemish	 Digital	

Agenda	

Data	 Neighbour-
hood	

Statistics	

Finance,	

wellbeing	

etc.	

Italian	

Census	

2011	

Irish	

Census	

2011	

Flemish	

Gov.	

Datasets	

Digital	

Agenda	

Score-	

board	

Curator	 Scottish	

Govern-	

ment	

DCLG	 ISTAT	 Irish	

Central	

Statistics	

Office	

Flemish	

Govern-	

ment	

European	

Commis-	

sion	

	

Cubes	 131		 233		 8		 682		 11		 4	

Measures	 17		 106		 8		 19		 27		 7	

Dimensions	 84		 94		 20		 50		 18		 16	

Observations	 84845456		 3075142		 56482270		 3609306		 766552		 580620	

Triples	 901538411		 126242629		 800369986		 20202132		 7652149		 4767031	

GeoValues	 8475		 89869		 426725		 4806		 589		 61	

TimeValues	 139		 110		 -	 -	 25	 77	

5.2.1.2 Data	integration	conflicts	

At	 this	 step	we	 aim	 at	 identifying	 data	 interoperability	 and	 integration	 conflicts	 at	 the	 literature.	
Towards	this	direction,	we	conduct	a	literature	review	on	database	and	data-warehouses	focusing	on	
conflicts	 which	 may	 appear	 when	 integrating	 various	 data	 sources.	 The	 conflicts	 should	 also	 be	
applicable	to	the	data	cube	context	(i.e.	conflicts	that	are	not	applicable	to	data	cubes	are	limited	out).	
We	adopt	the	state-of-the-art	analysis	method	proposed	by	(Webster	&	Watson	2002).	 Initially	we	
performed	a	systematic	search	in	order	to	accumulate	a	complete	body	of	relevant	scientific	papers.	
We	thereafter	studied	and	filtered	these	initially	identified	papers	in	order	to	come	up	with	the	final	
set	of	18	papers	that	was	included	in	our	research.	

Table	2	presents	the	identified	conflicts	classified	to	categories,	as	well	as	the	papers	they	appear	to.	
	

Table	2	Literature	on	Data	Integration	Conflicts	
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	 Schema	conflicts	 Data	conflicts	

Nami
ng	

Structural	 Sca
ling	

Preci
sion	

Represe
ntation	

Data	
value	Type	 Isomorphism	 Domain	

(Tseng	2005)	 ü	 -	 -	 ü	 ü	 -	 -	 ü	

(Kim	1991)	 ü	 ü	 ü	 ü	 ü	 ü	 ü	 ü	

(Berger	2012)	 ü	 ü	 ü	 ü	 ü	 ü	 -	 ü	

(Ram	2004)	 ü	 -	 ü	 -	 ü	 ü	 ü	 ü	

(Reddy	1994)	 ü	 ü	 -	 -	 ü	 ü	 -	 -	

(Batini	1986)	 ü	 ü	 -	 -	 -	 -	 -	 -	

(Sheth	1992)	 ü	 ü	 ü	 ü	 ü	 ü	 ü	 ü	

(Channah	1995)	 ü	 -	 -	 -	 -	 ü	 -	 -	

(Doan	2005)	 ü	 ü	 -	 -	 -	 -	 -	 ü	

(Bruckner	2001)	 ü	 -	 -	 ü	 	 -	 -	 -	

(Spaccapietra	1992)	 ü	 ü	 -	 ü	 ü	 -	 -	 -	

(Lee	1999)	 -	 ü	 ü	 -	 ü	 ü	 ü	 -	

(Lee	2002)	 ü	 ü	 ü	 ü	 ü	 ü	 ü	 -	

(Sboui	2007)	 ü	 -	 -	 -	 ü	 -	 -	 -	

(Mangisengi	2001)	 ü	 -	 -	 -	 -	 -	 -	 -	

(Diamantini	2014)	 ü	 -	 ü	 ü	 ü	 -	 -	 ü	

(Neumayr	2010)	 -	 -	 -	 -	 ü	 -	 -	 -	

(Torlone	2009)	 ü	 -	 -	 ü	 ü	 -	 -	 ü	

	

Based	on	the	state	of	the	art	analysis	the	following	conflicts	have	been	identified.	At	high	level	they	
are	classified	to	schema	and	data	level	conflicts.		

§ Schema-level	conflicts	result	from	the	use	of	different	schema	definitions.		

• Naming	conflicts:	One	of	the	principles	of	linked	data	is	to	use	URIs	as	names	for	things.	As	a	
result,	 naming	 conflicts	 occur	 at	 the	 URI	 level.	 At	 the	 case	 of	 linked	 data	 cubes,	 naming	
conflicts	 may	 appear	 at	 all	 the	 cube's	 elements	 that	 use	 URIs	 i.e.	 dimensions,	 measures,	
measure	units,	dimension	levels	and	dimension	values.	Two	types	of	naming	conflicts	exist:	

o Homonyms:	two	semantically	unrelated	cube	elements	use	the	same	URI.	For	example	
sdmx-measure:obsValue	 can	 be	 used	 to	 encode	 semantically	 unrelated	 measured	
variables	(unemployment,	poverty	etc).	
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o Synonyms:	 two	 semantically	 similar	 linked	data	 cube	 elements	 use	different	URIs.	 For	
example	 sdmx-dimension:refArea	 and	 eg:geo	 can	 be	 used	 to	 encode	 the	 geographical	
dimension.	

§ Structural	conflicts:	Structural	conflicts	occur	when	different	modeling	approaches	are	followed	
to	construct	a	linked	data	cube.	The	following	structural	conflicts	have	been	identified:	

• Type	conflicts:	the	same	concept	is	represented	using	different	classes	of	the	QB	vocabulary.	
For	example,	the	cube	dimensions	could	also	be	represented	as	dimension	values.	

• Schema	 isomorphism:	 two	 linked	 data	 cubes	 have	 different	 number	 of	 components	 (i.e.	
dimension,	 measure,	 attribute)	 at	 their	 observations	 although	 they	 have	 the	 same	
components	at	their	data	structure	definition.	For	example,	two	cubes	may	have	the	same	
number	of	measures,	 however	one	 can	use	one	measure	per	observation	while	 the	other	
multiple	measures.	

• Domain	conflicts:	two	semantically	similar	dimensions	have	different	set	of	allowed	values.	
For	example,	different	code	lists	can	be	associated	with	the	same	dimension	at	two	separate	
cubes.	

§ Data-level	conflicts	are	due	to	incompatible	or	inconsistent	data.	

• Data	scaling	conflicts:	Data	stored	using	different	units	of	measure.	For	instance,	sales	can	be	
measured	in	euro	or	in	dollars.	

• Data	precision	 conflicts:	Data	 stored	using	different	precisions.	 For	example,	 the	 “weight"	
may	have	values	like	“heavy",	“medium",	“light"	or	values	in	kilograms	e.g.	40	kg.	

• Data	representation	conflicts:		Data	stored	using	different	formats.	For	example,	the	VAT	can	
be	represented	as	a	percentage	value	(23%)	or	as	a	decimal	(0.23).		Another	example	occurs	
for	dates	where	different	formats	can	be	used	e.g.	“dd/mm/yy"	vs	“mm/dd/yy".	

• Data	 value	 conflicts:	 Data	 that	 have	measurements	with	 conflicting	 values.	 Such	 conflicts	
appear	due	 to	wrong,	obsolete	data	or	due	 to	different	 statistical	methods	employed.	 For	
example,	the	unemployment	in	a	country	may	be	computed	using	data	collected	quarterly	or	
annually,	these	two	statistical	methods	may	lead	to	different	measurements.	

	

The	following	figure	shows	the	classification	of	the	types	of	conflicts	identified	at	the	literature.	
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Figure	6	Types	of	data	integration	conflicts	

5.2.1.3 Conflicting	publishing	practices	

We	use	the	type	of	conflicts	identified	at	the	literature	in	order	to	detect	relevant	conflicts	at	the	LOSD	
portals.	 The	 outcome	 is	 a	 set	 of	 publishing	 practices	 that	 cause	 conflicts	 at	 data	 integration	 and	
interoperability.	These	practices	are	presented	below.	

P1:	Α	cube	contains	a	set	of	measures	that	represent	the	phenomena	being	observed.	The	following	
practices	exist	to	define	a	measure:	

P1.1	Re-use	sdmx-measure:obsValue	e.g.:	

eg:obs1	a	qb:Observation;	
								sdmx-measure:obsValue	"0.17"^^xsd:double.	

	

P1.2	 Define	 a	 new	measure	 based	 on	 types	 of	 units	 (e.g.	 count,	 ratio).	 This	measure	 is	 also	
defined	 as	 subproperty	 of	 sdmx-measure:obsValue.	 Use	 the	 sdmx-attribute:unitMeasure	 to	
specify	the	type	of	measure	e.g.:	

eg:ratio	a	qb:MeasureProperty;	
									rdfs:subPropertyOf	sdmx-measure:obsValue.	
eg:obs1	a	qb:Observation;	
								eg:ratio	"0.17"^^xsd:double;	
								sdmx-attribute:unitMeasure	eg:unemployment.	
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P1.3	 Define	 a	 new	 measure.	 This	 measure	 is	 also	 defined	 as	 subproperty	 of	 sdmx-
measure:obsValue	e.g.:	

eg:unemployment	a	qb:MeasureProperty;	
									rdfs:subPropertyOf	sdmx-measure:obsValue.	
eg:obs1	a	qb:Observation;	
								eg:unemployment	"0.17"^^xsd:double.	

	
P2:	Data	may	contain	more	than	one	measure.	The	following	practices	exist	to	represent	them:	

P2.1	Create	several	data	cubes	with	one	measure	each	
P2.2	Create	one	data	cube	with	multiple	measure	

	
P3:	The	following	practices	exist	to	represent	multiple	measures	per	cube:	

P3.1	 Multi-measure	 observations	 (proposed	 by	 QB	 vocabulary).	 Define	 multiple	
qb:MeasureProperty	at	the	data	structure	definition	and	use	all	measures	to	every	observation	
e.g.:	

eg:unemployment	a	qb:MeasureProperty.	
eg:poverty	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
									eg:unemployment	"0.17"^^xsd:double;	
									eg:poverty						"0.25"^^xsd:double.	

	

P3.2	Measure	dimension	(proposed	by	QB	vocabulary):	Define	multiple	qb:MeasureProperty	at	
the	data	structure	definition	and	use	an	extra	dimension,	the	qb:measureType,	to	denote	which	
particular	qb:MeasureProperty	is	being	conveyed	by	the	observation	e.g.:	

eg:unemployment	a	qb:MeasureProperty.	
eg:poverty	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
								eg:unemployment	"0.17"^^xsd:double;	
								qb:measureType	eg:unemployment.	
eg:obs2	a	qb:Observation;	
								eg:poverty	"0.25"^^xsd:double;	
								qb:measureType	eg:poverty.	

	

P3.3	Indicator	dimension.	Use	sdmx-measure:obsValue	along	with	a	qb:DimensionProperty	that	
indicates	the	measure	being	conveyed	by	the	observation	e.g.:	

eg:indicator	a	qb:DimensionProperty.	
eg:obs1	a	qb:Observation;	
								sdmx-measure:obsValue	"0.17"^^xsd:double;	
								eg:indicator	eg:unemployment.	
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eg:obs2	a	qb:Observation;	
								sdmx-measure:obsValue	"0.25"^^xsd:double;	
								eg:indicator	eg:poverty.	

	
P4	An	official	portal	defines	a	dimension	that	contains	non-associated	values	(i.e.	eg:female,	eg:age18-
25	eg:large-enterprises).	In	this	case	multiple	dimensions	are	embraced	together.		
	
P5	Time,	geography,	sex	and	age	dimensions	as	well	as	the	unit	of	measure	attribute	are	very	common	
among	the	published	cubes.	The	following	practices	exist	to	represent	them:	

	

P5.1	Re-use	SDMX	e.g.:	

eg:obs1	a	qb:Observation;	
									sdmx-dimension:refArea		eg:Greece;	
									eg:unemployment	"0.17"^^xsd:double.	

	

P5.2	Define	a	new	dimension	property.	This	property	is	also	a	subproperty	of	SDMX	e.g.:	

eg:geo	a	qb:DimensionProperty;	
								rdfs:subPropertyOf	sdmx-dimension:refArea;	
								qb:codeList	eg:Geography.				
eg:obs1	a	qb:Observation;	
								eg:geo	eg:Greece;	
								eg:unemployment	"0.17"^^xsd:double.	

	
P6:	The	QB	vocabulary	enables	the	declaration	of	the	unit	of	measure	at	different	levels.	The	following	
practices	exist	to	represent	them:	

	

P6.1	Declare	the	unit	at	qb:DataSet	level	e.g.:	

eg:dataset1	a	qb:DataSet;	
								sdmx-attribute:unitMeasure	eg:Percent.	
eg:unemployment	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
									qb:dataSet	eg:dataset1;	
									eg:unemployment	"0.17"^^xsd:double.	

	

P6.2	Declare	the	unit	at	qb:MeasureProperty	level	e.g.:	

eg:dataset1	a	qb:DataSet.	
eg:unemployment	a	qb:MeasureProperty;	
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									sdmx-attribute:unitMeasure	eg:Percent.	
eg:obs1	a	qb:Observation;	
									qb:dataSet	eg:dataset1;	
									eg:unemployment	"0.17"^^xsd:double.			

	

P6.3	Declare	the	unit	at	qb:Observation	level	e.g.:	

eg:dataset1	a	qb:DataSet.	
eg:unemployment	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
									qb:dataSet	eg:dataset1;	
									eg:unemployment	"0.17"^^xsd:double;	
									sdmx-attribute:unitMeasure	eg:Percent.	

	
P7:	 Time	 dimension	 values	 can	 be	 represented	 either	 as	 URIs	 e.g.	 http://example.com/2016	 or	
as	xsd:date	e.g.	"2016-01-01"^^xsd:date.		

	
P8:	The	values	of	the	time	dimension	can	be	drawn	from	a	code	list	(in	the	case	that	URIs	are	used).		
The	following	code	lists	are	used:	
	

P8.1	Use	reference.data.gov.uk	e.g.:	

http://reference.data.gov.uk/id/year/2015	

	

P8.2	Use	DBpedia	e.g.:	

http:dbpedia.org/resource/2015	

P8.3	Define	a	new	code	list	
	

P9:	Some	datasets	contain	data	with	a	single	value	for	a	dimension	(e.g.	census	data	has	a	single	
value	for	the	time	dimension).	The	following	practices	exist:	

P9.1	Express	the	single	value	(e.g.	use	a	single	time	dimension	value	for	census	data)	
P9.2	Do	not	express	the	single	value	

	
P10:	The	values	of	the	sex	dimension	can	be	drawn	from	a	code	list.	The	following	code	lists	are	
used:	

P10.1	Use	SDMX	code	list	e.g.:	

sdmx-code:sex-F,	sdmx-code:sex-M	
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P10.2	Define	a	new	code	list	

	
P11:	The	values	of	the	measure	units	can	be	drawn	from	a	code	list	(in	the	case	that	URIs	are	used).		
The	following	code	lists	are	used:	
	

P11.1	Use	QUDT	(http://qudt.org/)	e.g.:	

	http://qudt.org/vocab/unit#Euro	

	

P11.2	Use	DBpedia	e.g.:	

http://dbpedia.org/resource/Euro	

P11.3	Define	a	new	code	list	
	
P12:	The	QB	vocabulary	allows	three	different	practices	for	defining	the	values	of	a	dimension:		

P12.1	 Use	 the	 property	 qb:codeList	 to	 associate	 a	 skos:ConceptScheme	 to	
the	qb:DimensionProperty	

sdmx-code:sex	a	skos:ConceptScheme.	
eg:sex	a	qb:DimensionProperty,	qb:CodedProperty;	
							qb:codeList	sdmx-code:sex.	

	
P12.2	Use	the	property	rdfs:range	to	associate	a	skos:Concept	to	the	qb:DimensionProperty	

sdmx-code:Sex	a	rdfs:Class.	
eg:sex	a	qb:DimensionProperty,	qb:CodedProperty;	
							rdfs:range	sdmx-code:Sex.	

P12.3	Use	both	

sdmx-code:sex	a	skos:ConceptScheme.	
sdmx-code:Sex	a	rdfs:Class.	
eg:sex	a	qb:DimensionProperty,	qb:CodedProperty;	
				qb:codeList	sdmx-code:sex;	
				rdfs:range	sdmx-code:Sex.	

	

P13:	In	some	cases	aggregated	values	(e.g:total)	are	used	at	the	dimensions.	For	example	the	sex	
dimension	may	have	values	sdmx-code:sex-F,	sdmx-code:sex-M	and	eg:total.		
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P14:	The	dimension	values	often	have	hierarchical	relations	i.e.	generalization	and	specialization	e.g.	
Greece	 is	part	of	Europe.	They	are	also	organized	 into	hierarchical	 levels	e.g.	 region,	district.	 	 The	
following	practices	exist	to	express	them:	
	

P14.1	Use	SKOS	to	express	hierarchical	relations	and	rdf:type		to	express	hierarchical	levels	e.g.:	

eg:Country			rdf:type					rdfs:Class.	
eg:Continent	rdf:type					rdfs:Class.	
eg:Europe				rdf:type					eg:Continent.	
eg:Greece				rdf:type					eg:Country;	
													skos:broader	eg:Europe.	

	
P14.2	Use	XKOS	to	define	hierarchical	relations	and	levels	e.g.:	

eg:Country			rdf:type						xkos:ClassificationLevel.	
eg:Continent	rdf:type						xkos:ClassificationLevel.	
eg:Europe				skos:member			eg:Continent.	
eg:Greece				skos:member			eg:Country;	
													xkos:isPartOf	eg:Europe.	

	
P14.3	Define	new	properties	to	express	hierarchical	relations	and	rdf:type		to	express	hierarchical	
levels	e.g.:	

eg:Country			rdf:type		rdfs:Class.	
eg:Continent	rdf:type		rdfs:Class.	
eg:Europe				rdf:type		eg:Continent.	
eg:Greece				rdf:type		eg:Country;	
	 	 				eg:within	eg:Europe.	

P14.4	Use	QB	vocabulary	to	define	hierarchical	relations	and	rdf:type		to	express	hierarchical	levels	
e.g.:	

eg:geoHierarchy	a	qb:HierarchicalCodeList;	
	 	 									qb:hierarchyRoot	eg:Europe;	
	 	 									qb:parentChildProperty		eg:within.	
eg:Country			rdf:type		rdfs:Class.	
eg:Continent	rdf:type		rdfs:Class.	
eg:Europe				rdf:type		eg:Continent.	
eg:Greece				rdf:type		eg:Country;	
	 	 				eg:within	eg:Europe.	

	

P15:	 An	 official	 portal	 defines	 separate	 cubes	 for	 each	 hierarchical	 level	 e.g.	 defines	 a	 cube	 that	
contains	the	regions	and	another	that	contains	the	districts.		
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5.2.2 Understanding	of	conflicting	practices	

In	order	 to	understand	 the	 conflicting	practices	 (i.e.	when	and	why	 they	are	used	which	are	 their	
advantages/disadvantages)	 we	 actively	 involve	 the	 LOSD	 experts.	 The	 experts’	 involvement	 is	
achieved	through	a	questionnaire.	

A	set	of	11	experts	have	participated	at	the	study.	They	are	all	highly	related	to	the	study	including	
curators	 of	 linked	 data	 cube	 portals,	 and	 data	 cube	 publishers.	 	 Specifically,	 the	 experts	 that	
participate	are:	

1 Stefano	Abruzzini	(Digital	Agenda)	
2 Sarven	Capadisli	(University	of	Bonn)	
3 Oscar	Corcho	(Universidad	Politécnica	de	Madrid)	
4 Frank	Cotton	(INSEE)	
5 Richard	Cyganiak	(TopQuadrant)	
6 Adrian	Gschwend	(Zazuko)	
7 Paul	Hermans	(ProXML)	
8 Andrei	Melis	(Eau	de	Web)	
9 Dave	Reynolds	(Epimorphics)	
10 Bill	Roberts	(Swirrl)	
11 Luca	Valentino	(ISTAT)	

A	questionnaire	was	 created	and	distributed	 to	 the	experts	 in	order	 to	 collect	 their	 feedback	 	 i.e.	
advantages,	 disadvantages	 and	 peculiarities	 of	 all	 the	 conflicting	 practices.	 The	 results	 of	 the	
questionnaire	are	presented	below:		

P1:	Α	cube	contains	a	set	of	measures	that	represent	the	phenomena	being	observed.	The	following	
practices	exist	to	define	a	measure:	

P1.1	Re-use	sdmx-measure:obsValue	e.g.:	
• Advantages:	

o Easy	to	implement		
o Easy	convert	SDMX	data	to	QB.	Volume	of	data	available	as	SDMX	are	much	higher	that	

RDF	data	cubes	
• Disadvantages:	

o Need	to	attach	additional	metadata	to	the	dataset	to	see	what	is	measured	
o Dataset	cannot	contain	more	than	one	measure	
o Prevent	advanced	operations	on	data	cubes	e.g.	identifying	cubes	related	by	measure	in	

order	to	merge	or	compare	them	
P1.2	 Define	 a	 new	measure	 based	 on	 types	 of	 units	 (e.g.	 count,	 ratio).	 This	measure	 is	 also	
defined	 as	 subproperty	 of	 sdmx-measure:obsValue.	 Use	 the	 sdmx-attribute:unitMeasure	 to	
specify	the	type	of	measure:	
• Advantages:	

o Treats	the	unit	as	an	identifiable	and	reusable	concept.	
o Make	it	easy	to	access	information	in	a	generic	structure	for	driving	a	user	interface	
o Having	datasets	with	e.g.	measure	=	count	and	unit	=	people	gives	you	the	option	to		

compare/	combine	those	datasets	
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o Determine	programmatically	if	observations	with	a	particular	measure	are	suitable	for	
aggregation	-	so	to	differentiate	'counts'	and	'ratios'.		

• Disadvantages:	
o It	has	limitations	given	that	the	RDF	Data	Cube	vocabulary	is	based	off	SDMX	2.0	
o Requires	a	vocabulary	for	unit	types.	
o sdmx-attribute:unitMeasure	should	point	to	the	units	of	measurement	not	the	thing	

measured.	
o With	ratio	type	data	there	can	get	a	lot	of	different	units	

P1.3	 Define	 a	 new	 measure.	 This	 measure	 is	 also	 defined	 as	 subproperty	 of	 sdmx-
measure:obsValue	e.g.:	

• Advantages:	
o reusable	and	extensible	i.e.	add	additional	properties	to	the	measure	

o It	aids	readability	to	define	a	specific	qb:MeasureProperty	
o Ideal	when	publishing	new	data	directly	as	RDF	QB	

• Disadvantages:	
o Create	a	very	long	list	of	such	measures	
o Define	measures	as	subProperty	of	sdmx-measure:obsValue	is	not	a	good	practice	

especially	for	multi-measure	cubes	
	
P2:	Data	may	contain	more	than	one	measure.	The	following	practices	exist	to	represent	them:	

P2.1	Create	several	data	cubes	with	one	measure	each	
• Comment:	

o Use	separate	cubes	when	the	measures	are	essentially	independent	questions.	
P2.2	Create	one	data	cube	with	multiple	measure	
• Comment:	

o Use	one	data	cube	when	data	has	truly	more	than	one	measures,	in	the	sense	that	
values	are	closely	related	to	a	single	observational	event	e.g.	sensor	network	
measurements	and	forecasting	

	
P3:	The	following	practices	exist	to	represent	multiple	measures	per	cube:	

P3.1	Multi-measure	observations			
• Advantages:	

o Reduced	space.	It	produces	low	number	of	observations.	
• Disadvantages:	

o Observations	cannot	be	easily	re-used	in	other	context	since	they	contain	many	
measures	

o Applicable	if	measures	are	unit-less	or	share	units	and	other	attributes,	and	they	are	
measured	together		

P3.2	Measure	dimension			
• Advantages:	

o Observations	can	easily	be	re-used	in	other	context	
o Enables	more	control	over	attributes	-	the	ability	to	annotate	individual	measurements		

• Disadvantages:	
o Increased	space.	It	produces	high	number	of	observations.	

P3.3	Indicator	dimension.		
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• Advantages:	
o Observations	can	easily	be	re-used	in	other	context	
o Enables	more	control	over	attributes	-	the	ability	to	annotate	individual	measurements		

• Disadvantages:	
o Not	a	practice	proposed	by	the	QB	vocabulary.		
o Increased	space.	It	produces	high	number	of	observations.	

	
P4	An	official	portal	defines	a	dimension	that	contains	non-associated	values	(i.e.	eg:female,	eg:age18-
25	eg:large-enterprises).	In	this	case	multiple	dimensions	are	embraced	together.		

• Advantages	
o When	converting	to	RDF	existing	datasets	published	as	SDMX	or	relational	databases	

this	is	the	only	feasible	option	not	requiring	manual	intervention	
• Disadvantages		

o The	possible	values	of	a	coherent	dimension	should	be	comparable	in	some	sense.	
	
P5	Time,	geography,	sex	and	age	dimensions	as	well	as	the	unit	of	measure	attribute	are	very	common	
among	the	published	cubes.	The	following	practices	exist	to	represent	them:	

P5.1	Re-use	SDMX		
• Advantages	

o Easier	to	compare	data	from	different	places	
• Disadvantages		

o Cannot	add	extra	properties	to	dimensions	e.g.	qb:codeList,	rdfs:comment,	rdfs:label	
P5.2	Define	a	new	dimension	property.	This	property	is	also	a	subproperty	of	SDMX	
• Advantages	

o Can	add	extra	properties	to	dimensions	e.g.	qb:codeList,	rdfs:comment,	rdfs:label	
• Disadvantages	

o Leads	to	similar	dimensions	meaning	the	same	thing		
	
P6:	The	QB	vocabulary	enables	the	declaration	of	the	unit	of	measure	at	different	levels.	The	following	
practices	exist	to	represent	them:	

P6.1	Declare	the	unit	at	qb:DataSet	level		
• Advantages	

o Identify	available	units	from	the	Data	Structure	Definition	(no	need	to	search	the	
observations)	

• Disadvantages	
o Cannot	be	used	if	there	are	more	than	one	measure	
o Cannot	be	used	if	the	measure	has	more	than	one	unit	

P6.2	Declare	the	unit	at	qb:MeasureProperty	level		
• Advantages	

o Identify	available	units	from	the	Data	Structure	Definition	(no	need	to	search	the	
observations)	

o Can	be	used	if	there	are	more	than	one	measure	
• Disadvantages	

o Cannot	be	used	if	a	measure	has	more	than	one	unit	
	
P6.3	Declare	the	unit	at	qb:Observation	level		
• Advantages	

o Can	be	used	if	there	are	more	than	one	measure	
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o Can	be	used	if	a	measure	has	more	than	one	unit	
• Disadvantages	

o Cannot	identify	available	units	from	the	Data	Structure	Definition	(need	to	search	the	
observations)	

	
P7:	 Time	 dimension	 values	 can	 be	 represented	 either	 as	 URIs	 e.g.	 http://example.com/2016	 or	
as	xsd:datee.g.	"2016-01-01"^^xsd:date.		

P7.1	XSD	(e.g.	xsd:date,	xsd:gYearMonth	and	xsd:gYear)		
• Advantages	

o Can	refer	to	a	specific	point	in	time	
o Easier	to	query	with	SPARQL	

• Disadvantages	
o Can't	specify	time	periods	
o Cannot	define	further	properties	e.g.	label	
o Cannot	represent	hierarchy	of	time	intervals	

P7.2	URI		
• Advantages	

o Can	define	a	time	period	(e.g.	year,	semester,	quarter	etc.).	You	can	define	precisely	the	
start	and	end	instants	of	the	time	interval	

o Can	define	further	properties	e.g.	label	
o Enable	the	representation	of	a	hierarchy	of	time	intervals	

• Disadvantages	
o Not	easy	to	SPARQL	

	
P8:	The	values	of	the	time	dimension	can	be	drawn	from	a	code	list	(in	the	case	that	URIs	are	used).		
The	following	code	lists	are	used:	
	

P8.1	Use	reference.data.gov.uk	e.g.:	
• 	Advantages	

o URIs	are	dynamically	created	and	the	service	is	really	stable	
o Defines	a	wide	range	of	time	intervals	
o The	URIs	are	dereferenceable	

• Disadvantages	
o Cannot	be	queried	via	a	SPARQL	endpoint		
o Some	intervals	are	specific	to	the	UK	public	sector	such	as	'government-year'	(	1	April	to	

31	March)	
o There	is	no	HTML	representation	of	the	URIs		

P8.2	Use	DBpedia		

P8.3	Define	a	new	code	list	
• Advantages	

o Enables	the	definition	of	new	properties	e.g.	add	prefLabel	in	a	different	language	or	
altLabel's	and	links	to	legislation	

• Disadvantages	
o Hamper	interoperability	between	different	datasets	
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P9:	Some	datasets	contain	data	with	a	single	value	for	a	dimension	(e.g.	census	data	has	a	single	
value	for	the	time	dimension).	The	following	practices	exist:	

P9.1	Express	the	single	value	(e.g.	use	a	single	time	dimension	value	for	census	data)	
• Advantages	

o Enables	the	addition	of	more	observations	with	different	values	for	the	dimension	
o Enables	the	“merge”	of	data	with	different	dimension	values	

• Disadvantages	
o Increased	space	

P9.2	Do	not	express	the	single	value	
• Advantages	

o Decreased	space	
• Disadvantages	

o Does	not	enable	the	addition	of	more	observations	with	different	values	for	the	
dimension	

o Does	not	enable	the	“merge”	of	data	with	different	dimension	values	
	

P10:	The	values	of	the	sex	dimension	can	be	drawn	from	a	code	list.	The	following	code	lists	are	
used:	

P10.1	Use	SDMX	code	list	e.g.:	
• 	Advantages	

o Re-usability	and	interoperability	between	different	datasets	
• Disadvantages	

o Does	not	enables	the	definition	of	nuanced	notions	of	sex		i.e.	biological	gender	(e.g.	
hermaphroditism,	transgender),	self-identification	(e.g.	asexual)	

o Does	not	enables	the	definition	of	new	properties	e.g.	add	prefLabel	in	a	different	
language	or	altLabel's	and	links	to	legislation	

P10.2	Define	a	new	code	list	
• Advantages	

o Enables	the	definition	of	nuanced	notions	of	sex		i.e.	biological	gender	(e.g.	
hermaphroditism,	transgender),	self-identification	(e.g.	asexual)	

o Enables	the	definition	of	new	properties	e.g.	add	prefLabel	in	a	different	language	or	
altLabel's	and	links	to	legislation	

• Disadvantages	
o Hamper	interoperability	between	different	datasets	

	
P11:	The	values	of	the	measure	units	can	be	drawn	from	a	code	list	(in	the	case	that	URIs	are	used).		
The	following	code	lists	are	used:	
	

P11.1	Use	QUDT	(http://qudt.org/)	e.g.:	
• 	Advantages	

o It	covers	a	wide	range	of	units		
o Units	are	well	organized	

• Disadvantages	
o It	is	not	complete	

P11.2	Use	DBpedia	e.g.:	
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P11.3	Define	a	new	code	list	
• Advantages	

o Enables	the	definition	of	new	properties	e.g.	add	prefLabel	in	a	different	language	or	
altLabel's	and	links	to	legislation	

• Disadvantages	
o Hamper	interoperability	between	different	datasets	

	
P12:	The	QB	vocabulary	allows	three	different	practices	for	defining	the	values	of	a	dimension:		

P12.1	 Use	 the	 property	 qb:codeList	 to	 associate	 a	 skos:ConceptScheme	 to	
the	qb:DimensionProperty	

• Advantage:	Enable	the	definition	of	hierarchies	
	

P12.2	Use	the	property	rdfs:range	to	associate	a	skos:Concept	to	the	qb:DimensionProperty	

Disadvantage:	Does	not	enable	the	definition	of	hierarchies	 	

P12.3	Use	both	

• Advantage:	Enable	the	definition	of	hierarchies	
• Disadvantage:	Redundancy	

	

P13:	In	some	cases	aggregated	values	(e.g:total)	are	used	at	the	dimensions.	For	example	the	sex	
dimension	may	have	values	sdmx-code:sex-F,	sdmx-code:sex-M	and	eg:total.		

• Advantages	
o It's	easier	to	have	that	information	explicitly	in	the	dataset	rather	than	have	to	calculate	

it	
• Disadvantages	

o Need	to	differentiate	the	"total"	code	from	"normal"	codes	in	the	code	list.	
o Aggregated	values	from	different	datasets	cannot	be	compared	or	merged	since	e.g.	not	

in	all	cases	the	sum,	for	instance,	will	be	equivalent	to	the	total.		
	
	

P14:	The	dimension	values	often	have	hierarchical	relations	i.e.	generalization	and	specialization	e.g.	
Greece	 is	part	of	Europe.	They	are	also	organized	 into	hierarchical	 levels	e.g.	 region,	district.	 	 The	
following	practices	exist	to	express	them:	
	

P14.1	Use	SKOS	to	express	hierarchical	relations	and	rdf:type		to	express	hierarchical	levels		
• Advantages	

o Re-use	a	standard	vocabulary		
• Disadvantages	

o Do	not	enable	the	representation	of	more	nuances	e.g.	contained	v.s.	administeredBy	
o Can	represent	only	tree	structures	not	graphs		
o The	use	of	rdf:type	to	express	hierarchical	levels	seems	too	generic	and	may	be	used	for	

other	purposes	(a	dimension	value	can	have	in	theory	multiple	rdf:type	e.g.	
skos:Concept,	sdmx:Concept,	sdmx-code:Sex),		
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P14.2	Use	XKOS	to	define	hierarchical	relations	and	levels		
• Advantages	

o Re-use	a	common	vocabulary		
o Use	the	same	vocabulary	to	define	both	hierarchical	relations	and	levels	

• Disadvantages		
o Do	not	enable	the	representation	of	more	nuances	e.g.	contained	v.s.	administeredBy	
o Can	represent	only	tree	structures	not	graphs		
o Verbose	and	a	bit	difficult	to	work	with	
	

P14.3	Define	new	properties	to	express	hierarchical	relations	and	rdf:type		to	express	hierarchical	
levels		
• Advantages	

o It	enables	the	representation	of	more	nuances	e.g.	contained	v.s.	administeredBy	
o Enables	the	representation	of	graph	structure	rather	than	a	tree		

• Disadvantages	
o Needs	extra	logic	in	case	one	wants	to	let	the	machine	do	some	work	

P14.4	Use	QB	vocabulary	to	define	hierarchical	relations	and	rdf:type		to	express	hierarchical	levels		
• Advantages	

o It	enables	the	representation	of	more	nuances	e.g.	contained	v.s.	administeredBy		
o Enables	the	representation	of	graph	structure	rather	than	a	tree		
o Re-use	a	standard	vocabulary		

• Disadvantages	
o The	use	of	rdf:type	to	express	hierarchical	levels	seems	too	generic	and	may	be	used	for	

other	purposes	(a	dimension	value	can	have	in	theory	multiple	rdf:type	e.g.	
skos:Concept,	sdmx:Concept,	sdmx-code:Sex),		

P15:	 An	 official	 portal	 defines	 separate	 cubes	 for	 each	 hierarchical	 level	 e.g.	 defines	 a	 cube	 that	
contains	the	regions	and	another	that	contains	the	districts.		

• 	Advantages	
o Better	performance	since	it	generates	cubes	with	low	number	of	observations.	
o Common	approach	in	official	statistical	portals	

• Disadvantages	
o Complex	 for	 anyone	 who	 wants	 the	 details	 because	 they	 have	 to	 reassemble	 the	

hierarchical	cube	from	the	different	splits.	

5.2.3 Consensus	on	common	practices	

After	identifying	and	understanding	the	conflicting	practices	there	is	a	need	to	conclude	at	a	set	of	
common	publishing	practices	to	address	the	LOSD	exploiting	challenges.	The	common	practices	do	
not	 aim	 to	 solve	 conflicts	 of	 already	 published	 data,	 but	 they	 intend	 to	 be	widely	 followed	when	
publishing	in	order	to	create	interoperable	data.	Towards	this	direction,	we	employ	the	Delphi	method	
(Hsu,	2007)	in	order	to	reach	a	consensus	on	the	common	practices.	Delphi	requires	the	involvement	
of	experts	through	a	questionnaire	with	multiple	 iterations	to	collect	feedback	until	a	consensus	 is	
reached.	The	feedback	process	allows	experts	to	reassess	an	initial	judgment	based	on	the	anonymous	
comments	 and	 feedback	 provided	 by	 other	 experts.	 The	 first	 round	 begins	 with	 an	 open-ended	
questionnaire	while	the	next	rounds	narrow	down	the	options.	
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The	Delphi	study	is	still	a	work	in	progress	and	the	final	results	will	be	presented	at	WP5.	However,	
some	preliminary	results	(i.e.	common	practices	already	with	a	consensus)	are	also	presented	at	this	
deliverable	as	a	set	of	Best	Practices	(BP):	

BP1:	Defining	a	measure.	Re-use	existing	measures	where	possible.	If	not	possible,	then	define	new	
specific	measures	corresponding	to	the	phenomenon	being	observed.	The	measure	should	NOT	be	a	
subproperty	 of	 sdmx-measure:obsValue.	 Defining	 a	 measure	 as	 subproperty	 of	 sdmx-
measure:obsValue	does	not	add	any	more	semantics	than	defining	it	as	a	qb:MeasureProperty.	

	

eg:unemployment	a	qb:MeasureProperty;	

																rdfs:label	“unemployment”@en.	

eg:obs1	a	qb:Observation;	

								eg:unemployment	“0.17”^^xsd:double.	

	

BP	2:	Multiple	measures.	A	data	cube	should	contain	multiple	measures	only	when	they	are	closely	
related	to	a	single	observational	event	e.g.	sensor	measurements.		

BP	3:	Coherent	dimension.	All	values	of	a	coherent	dimension	should	be	comparable	in	some	way.	
Dimensions	with	non-associated	values	should	be	avoided.	

BP	4:	Time	dimension	values.	XSD	(e.g.	xsd:date)	should	be	used	when	referring	to	a	specific	point	in	
time	while	URIs	should	be	used		to	express	time	periods	and/or	hierarchies	e.g.	year,	semester,	quarter	
etc.	

BP	5:	Code	lists.	Re-use	existing	code	lists.	If	not	sufficient	define	your	own	code	lists	and	map	to	the	
existing	where	possible.	The	following	code	list	should	be	preferred:	

1. Time	dimension:	reference.data.gov.uk	

2. Sex	dimension:	SDΜΧ	

3. Unit	of	measure:	QUDT	

BP	6:	Sex	dimension.	The	sdmx-dimension:sex	is	associated	with	the	SDMX	sex	code	list	(i.e.	sex-F,	
sex-M).	If	the	code	list	is	not	sufficient	e.g.	more	nuanced	notions	of	sex	are	needed	like:	i)	biological	
gender	 (hermaphroditism,	 transgender),	 ii)	 self-identification	 (e.g.	 asexual),	 then	a	new	dimension	
should	be	defined	and	associated	with	the	new	code	list.	
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6 Users’	challenges	regarding	the	exploitation	of	Open	Statistical	
Data	

In	this	section	we	define	the	challenges	regarding	the	exploitation	of	Open	Statistical	Data	by	taking	
into	account	the	perspective	of	the	actual	users.	We	divide	this	section	into	two	sub-sections:	

• In	the	first	case	we	play	the	role	of	a	user	and	we	go	directly	to	an	advanced	Open	Data	Portal	
in	order	to	discover	statistical	data	regarding	to	a	specific	phenomenon.		

• In	the	second	case	we	elicit	the	opinion	of	developers	who	have	used	Open	Statistical	Data	to	
create	a	product	or	service.		

6.1 Open	Statistical	Data	Fragmentation	
In	 this	step	of	our	analysis	we	searched	on	the	UK	Open	Data	Portal	 (i.e.	data.gov.uk)	 for	datasets	
about	unemployment	in	order	to	understand	users’	challenges	related	to	searching	for	statistical	data	
on	Open	Data	Portals.	In	summary,	our	research	revealed	that	searching	this	portal	for	useful	data	on	
unemployment	 results	 in	 large	 numbers	 of	 datasets	 and	 links.	 In	 particular,	 if	 we	 search	 on	
http://data.gov.uk	for	datasets	using	the	keyword	“unemployment,”	we	will	come	up	with	122	results	
that	provide	access	to	56	files	and	610	links	to	18	other	portals	(such	as	the	Office	for	National	Statistics	
and	the	National	Archives)	and	by	following	the	relevant	links	to	more	than	2,000	other	files.	

We	call	open	data	fragmentation	 the	situation	where	collections	of	relevant	open	data	are	broken	
down	 into	many	pieces	that	are	not	close	together.	This	definition	 is	actually	an	adaptation	of	 the	
definition	of	data	fragmentation	in	computing.	

In	particular,	the	outcome	of	this	activity	includes	122	search	results	that	contain	either	datasets	or	
links.	Search	results	containing	one	or	more	datasets	may	also	include	an	additional	link	directing	users	
to	another	portal	where	they	can	download	the	same	datasets.	Datasets	come	in	various	technical	
formats	such	as	XLS,	CSV,	PDF,	etc.	These	datasets	are	directly	downloaded	from	data.gov.uk.		

On	the	other	hand,	search	results	can	contain	one	or	more	links,	which	direct	the	users	to	other	portals	
where	they	can	find	links	or	datasets,	in	order	to	download	them.	

The	122	search	results	lead	to	56	datasets,	which	can	be	downloaded	directly	from	data.gov.uk	and	
610	links,	where	users	can	follow	in	order	to	find	and	download	datasets.	It	is	noticed	that	some	search	
results	 encapsulate	 exactly	 the	 same	data	but	 in	different	 format.	 In	 that	 case,	 datasets	 and	 links	
having	the	exact	same	data	are	counted	as	one.	
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Figure	7	Search	results	to	datasets	&	links	about	unemployment	in	data.gov.uk		

Search	results	containing	links	direct	users	from	data.gov.uk	to	other	portals.	For	search	results	that	
contain	datasets,	there	are	often	additional	links	(or	another	link	in	the	details	of	search	result).	We	
thereafter	counted	every	link	that	leads	to	the	portals	that	supply	data.gov.uk	with	data.	The	identified	
links	in	the	results	lead	users	to	the	following	portals.	

1. opendata.camden.gov.uk		 10.				csu.nisra.gov.uk		

2. gov.scot		 11.				ofmdfmni.gov.uk		

3. gov.uk		 12.				neighbourhood.statistics.gov.uk	

4. gov.wales		 13.				webarchive.nationalarchives.gov.uk		

5. ons.gov.uk		 14.				opendatacommunities.org/sparql	

6. communities-ni.gov.uk	 15.				83.244.183.180/new_deals		

7. economy-ni.gov.uk	 16.				data.yorkopendata.org		

8. nomisweb.co.uk		 17.opendata.cambrigdeshireinsight.org.uk		

9. apps.warickshire.gov.uk		

	

	

Moreover,	if	we	count	the	number	of	links	to	different	pages	of	a	portal	we	come	up	with	the	following	
graph	(Figure	8).		
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Figure	8	Portals	of	data.gov.uk	

Portals	are	presented	on	 the	graph	as	nodes.	At	 the	centre	of	 the	graph	 is	data.gov.uk,	which	we	
consider	as	 the	entry	point	of	users.	Each	edge	presents	 the	connection	between	data.gov.uk	and	
portals.	The	number	on	each	edge	is	the	amount	of	links	directing	to	a	portal.	The	links	directing	to	
the	exact	same	page	of	a	portal	are	counted	as	one.	For	example,	 there	 is	a	 relationship	between	
data.gov.uk	and	gov.uk	as	is	shown	in	Figure	8.	

The	users	can	either	download	datasets	directly	from	data.gov.uk	or	follow	a	link	to	other	portals.	That	
means	each	portal	provides	datasets	to	data.gov.uk	in	two	ways	(a)	directly	from	data.gov.uk	(search	
results	containing	datasets)	and	(b)	exclusively	from	a	third	portal	(search	results	containing	links).		

It	was	noticed,	however,	that	some	links	lead	to	an	error	message.	In	addition,	many	links	can	drive	
the	users	to	the	homepage	or	the	search	page	of	a	portal.	

Our	analysis	focuses	on	the	56	datasets	that	the	users	can	download	directly	from	data.gov.uk	and	the	
datasets	that	users	can	download	instantly	after	clicking	on	a	link.	

After	analysing	these	datasets,	we	separated	them	according	to	their	relevance	to	unemployment	and	
their	resource	format.	

Datasets	that	are	irrelevant	to	unemployment	or	are	in	PDF	format	(even	if	they	are	relevant)	are	not	
taken	into	account.	Datasets	that	are	relevant	to	unemployment	and	are	in	a	non-PDF	format	like	XLS,	
CSV	and	RDF	are	counted.	



	 	D1.1	–	OpenGovIntelligence	challenges	and	needs	

	

	

Page	72	of	156	

	

	

After	clarifying	the	way	datasets	are	provided	by	portals	and	focusing	on	the	relevant	datasets,	which	
are	not	in	pdf	format,	the	following	graph	is	created	(Figure	9):				

	
Figure	9	Portals	of	data.gov.uk	by	modes	of	providing	relevant	&	non-PDF	datasets	

	

The	exact	number	of	all	portals	is	seventeen	(as	shown	in	Figure	8).	The	graph	in	Figure	9,	however,	
presents	just	the	fourteen	sources	that	supply	data.gov.uk	with	only	relevant	and	non-PDF	datasets.	
The	three	portals	that	supply	data.gov.uk	with	only	irrelevant	datasets	or	datasets	in	PDF	format,	or	
their	links	that	may	result	to	an	error	message,	are	not	included	in	Figure	9.		

The	number	inside	a	node	presents	the	amount	of	relevant	and	non-PDF	datasets	in	each	portal	that	
the	users	can	reach	through	data.gov.uk.	That	means	these	portals	may	include	much	more	datasets	
than	the	ones	accessed	through	data.gov.uk.	It	should	be	mentioned	that	the	number	of	datasets	in	a	
node	could	be	the	result	of	just	one	link	between	data.gov.uk	and	a	portal.	

Portals	of	relevant	and	non-PDF	datasets	are	divided	into	three	categories:	
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1. Green	nodes	present	the	portals	in	which	datasets	can	be	also	downloaded	from	data.gov.uk.		

2. Blue	nodes	present	 the	portals	 that	provide	datasets	exclusively	by	 their	portal.	 The	users	
follow	 a	 link	 from	 data.gov.uk	 to	 “blue	 portals”	 where	 they	 can	 download	 the	 available	
datasets	instantly.	Datasets	are	not	available	to	data.gov.uk;	the	users	must	follow	the	link.	

3. Pink	nodes	present	the	portals	that	do	not	supply	users	 instantly	with	datasets	but	instead	
they	have	to	search	for	them.	The	users	follow	a	link	that	directs	them	to	a	portal	where	there	
are	no	datasets	 to	download	directly.	Usually	 it	 is	 a	home	page	or	a	 search	page	of	 these	
portals	or	even	a	SPARQL	endpoint.	The	user	must	navigate	to	detect	the	datasets.	In	other	
words,	these	portals	may	feature	relevant	and	non-PDF	datasets	but	the	users	have	to	search	
for	them	in	order	to	download	them.	

6.2 Challenges	&	Needs	of	Software	Developers	
In	this	section	we	present	the	result	of	the	online	survey	that	we	performed	aiming	at	eliciting	the	
opinion	 of	 developers	 that	 have	 used	 Open	 Statistical	 Data	 (OSD).	 In	 total,	 24	 developers	 from	
Belgium,	 Greece,	 Brazil,	 England	 and	 Wales	 answered	 the	 questionnaire.	 These	 answers	 were	
collected	and	analysed:	

How	important	are	the	open	statistical	data	that	are	produced	by	governments	and	
organizations,	according	to	your	opinion?	

	

Figure	10	Importance	of	Open	Statistical	Data	

The	 potential	 of	 open	 statistical	 data	 which	 are	 produced	 by	 Governments	 and	 organizations	 is	
recognized	by	most	of	developers	as	they	believe	(more	than	70%)	that	OSD	are	very	important	(Figure	
10).	

What	percentage	of	the	data	provided	by	national	open	data	portals	is	statistical	according	
to	your	perception?	
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Figure	11	Developers’	perception	of	the	volume	of	OSD	

More	than	the	half	of	developers	believes	that	the	percentage	of	provided	data	which	are	statistical	
is	lower	than	50%.	So,	the	problem	of	national	portals	of	open	data	which	do	not	provide	statistical	
data	is	recognized.	

Which	of	the	following	open	statistical	data	sources	are	you	aware	of?	

	
Figure	12	Sources	of	OSD	

Eurostat,	World	Bank	and	European	Data	portal	are	at	the	most	popular	open	statistical	data	sources	
for	 which	 developers	 are	 aware	 of.	 OECD,	 GHO,	 Google	 Finance	 and	 IMF	 data	 come	 to	 a	 lower	
recognition	by	developers	as	more	than	20%	and	less	than	50%	of	them	are	aware	of	these	statistical	
data	sources.	

During	the	development	of	your	application,	how	many	portals	did	you	use	in	total	to	collect	
your	data	and	how	many	datasets?	How	many	of	them	were	open	statistical	data?	



	 	D1.1	–	OpenGovIntelligence	challenges	and	needs	

	

	

Page	75	of	156	

	

	

	

Figure	13	Number	of	portals	per	application	

Just	 one	portal	was	 used	by	 almost	 50%	of	 developers	 to	 collect	 their	 data	 for	 their	 applications.	
Developers	used	189	datasets	 in	total,	161	from	which	were	open	statistical	data.	Thus,	 they	used	
datasets	which	had	at	85%	open	statistical	data	during	the	development	of	their	applications.	

How	satisfied	are	you	with	the	quality	of	the	open	statistical	data	that	you	used	in	your	
application?	

	

Figure	14	Quality	of	OSD	

Quality	of	data	encompasses	some	measures	in	which	developers	are	fully	satisfied	according	to	the	
bar	chart.	The	only	exception	is	the	attribute	of	“up-to-dated”	data	in	which	developers	are	at	50%	
dissatisfied	enough.	

How	difficult	was	it	for	you	to	find	the	open	statistical	data	that	you	used	for	your	application	
and	which	was	the	greatest	difficulty	you	encountered	during	this	process?	
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Figure	15	Challenges	on	OSD	discovery	

The	difficulty	of	finding	OSD	are	almost	equally	divided	at	the	rating	scale	by	the	developers	without	
let	us	make	some	important	conclusions.		

However,	some	of	the	challenges	that	the	developers	mentioned	include:	

• Finding	the	right	organisation	that	owns	the	data	
• Finding	the	right	portal	that	provides	the	data	
• They	do	not	have	access	to	the	data	
• The	data	is	not	well	advertised	
• The	search	functionality	of	data	portals	is	not	very	effective	
• The	technical	formats	of	the	available	data	

	

How	difficult	was	it	for	you	to	combine	the	open	statistical	data	that	you	used	for	your	
application	and	which	was	the	greatest	difficulty	that	you	encountered	during	this	process?	
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Figure	16	Challenges	on	Combining	OSD	

Developers	 did	 not	 face	 many	 difficulties	 trying	 to	 combine	 the	 OSD	 that	 they	 needed	 for	 their	
application.	Some	problems	that	were	mentioned	include:	

• Interoperability	among	datasets	
• Lack	and	quality	of	metadata	
• Technical	formats	that	do	not	facilitate	integration	
• No	streaming	data	

	

Where	did	you	store	the	open	data	for	usage	by	the	application?	

	

Figure	17	Storage	of	OSD	

Both	relational	and	NOSQL	databases	and	RDF	store	are	used	by	developers	to	store	the	open	data	
for	their	application.	

Did	you	make	any	sort	of	statistical	analysis	in	these	data?	
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Figure	18	Statistical	Analyses	on	OSD	

Most	of	developers	made	statistical	analysis	 in	the	data	they	used.	They	preferred	correspondence	
analysis	at	a	rate	of	29%	and	timelines	at	a	rate	of	22%.	They	used	logistic	regression	and	descriptive	
statistical	analysis	less	at	a	rate	of	7%.				

Was	there	any	visualization	of	the	data?	If	yes,	what	kind	of	visualization	did	you	make?	

	

Figure	19	Visualisations	on	OSD	

The	majority	of	developers	 (more	 than	90%)	created	visualizations	of	 the	data	 they	used.	Most	of	
them	 made	 visualizations	 on	 a	 map	 at	 a	 rate	 of	 50%	 while	 enough	 (44%)	 preferred	 to	 make	
visualizations	on	a	graph.	

How	many	individuals	did	you	collaborate	as	a	team	in	order	to	conclude	your	application?	

44%

50%

6%

Visualization	on	a	graph

Visualization	on	a	map

There	was	no	visualization
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Figure	20	Developing	team	of	OSD	applications	

A	 team	 of	 2-3	 individuals	 have	 a	 rate	 of	 53%	 while	 just	 the	 developer	 alone	 has	 a	 rate	 of	 37%.	
Developers	prefer	to	get	the	job	done	by	themselves	or	with	more	2	individuals	and	not	develop	their	
application	with	a	big	team	of	4	or	6	individuals.		

Thinking	about	yourself,	on	a	scale	of	1	to	3,	to	what	extent	do	you	associate	with	the	
following	labels?	

	

Figure	21	Profession	of	questionnaire	responders	

Web	developer,	data	analyst,	IT	specialist	and	open	data	advocate	are	among	the	most	popular	labels	
which	 developers	 think	 they	 associate	 with.	 On	 the	 contrary,	 business	 analyst,	 policy	 maker,	
entrepreneur	and	designer	are	labels	that	developers	think	they	do	not	associate	at	all.	

What	is	your	employment	status?	
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Figure	22	Employment	status	of	questionnaire	responders	

Most	 of	 developers	 (50%)	 who	 try	 to	 use	 OSD	 in	 their	 applications	 are	 either	 employed	 or	 self-
employed	people.	Admirable	is	the	fact	that	students	hold	such	a	big	part	among	the	developers	list	
(33%).	Business	owners	are	also	among	them	with	a	rate	at	almost	20%.	
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7 Pilots’	needs	on	data-driven	innovation	 	
In	this	section	we	describe	the	results	of	the	activities	performed	to	identify	challenges	and	needs	of	
the	pilot	partners	of	 the	consortium.	Pilot	partners	of	 the	project	described	problems	 that	 can	be	
solved	through	the	exploitation	of	statistical	data	covering	many	different	areas	such	as	problems	of	
public	administration,	businesses	and	citizens.		

7.1 Pilot	1:	The	Greek	Ministry	of	Interior	
Description	

The	Ministry	of	Interior	and	Administrative	Reconstruction	is	in	charge	of	monitoring	and	managing	
an	approximate	number	of	11.500	government	vehicles	which	are	used	by	all	Greek	Public	Agencies.	
The	data	sets	it	possesses	originate	from	different	sources	and	have	not	yet	been	properly	defined,	
structured	and	combined	 in	order	 to	be	converted	 to	meaningful	 information,	which	will	 facilitate	
internal	 decision	 making	 and	 increase	 transparency	 towards	 the	 public.	 Furthermore,	 the	 non-
existence	 of	 structured	 and	 well-defined	 data	 obliges	 the	 Ministry	 to	 follow	 document-centric	
processes,	which	 lack	 in	 efficiency	 and	 effectiveness	 and	 also	 fail	 to	 facilitate	 the	monitoring	 and	
management	of	Government	Vehicles.	This	problem	can	be	further	analyzed	in	the	following	bullet	
points:	

• The	inefficiency	of	accurate	data	regarding	government	vehicles		
• The	 inability	 to	 provide	 accurate	 responses	 regarding	 certain	 measures	 of	 government	

vehicles	(e.g.	count	of	government	vehicles,	number	of	vehicles	per	region,	etc)		
• Limited	ability	to	match	the	demand	and	offer	of	government	vehicles	
• Reduced	control	of	government	vehicles	operational	costs	
• Limitations	in	policy	making	in	the	area	of	government	vehicles	
• Limited	access	of	the	public	to	data	concerning	government	vehicles	

The	first	problem	will	be	attempted	to	be	tackled	as	a	short-term	goal,	the	second	bullet	will	be	the	
subject	of	a	medium-term	goal	and	the	following	three	problems	will	constitute	a	long-term	goal	of	
the	project.	The	final	problem	will	be	attempted	to	be	solved	during	the	whole	life	cycle	of	the	project,	
provided	that	Ministerial	approval	will	be	given.	

Datasets	

1. Data	describing	Government	Vehicles		
2. Data	on	the	lifecycle	of	Government	Vehicles	
3. Data	on	the	operation	and	maintenance	of	Government	Vehicles	
4. Statistical	data	on	Greek	Public	Agencies	and	their	personnel		
5. Statistical	data	on	Greek	Municipalities,	Prefectures	and	Regions	(describing	their	population,	

their	topography,	their	climate	etc.)	
	
The	use	of	the	aforementioned	datasets	to	solve	the	problems	of	the	previous	section	is	displayed	in	
the	following	table:		
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	 Dataset	
1	

Dataset	
2	

Dataset	
3	

Dataset	
4	

Dataset	
5		

The	 inefficiency	 of	 accurate	 data	 regarding	
government	vehicles	

X	 X	 X	 	 	

The	 inability	 to	 provide	 accurate	 responses	
regarding	 certain	 measures	 of	 government	
vehicles	 (e.g.	 count	 of	 government	 vehicles,	
number	of	vehicles	per	region,	etc)	

X	 	 	 X	 X	

Limited	ability	to	match	the	demand	and	offer	
of	government	vehicles	

X	 X	 	 X	 	

Reduced	 control	 of	 government	 vehicles	
operational	costs	

X	 	 X	 X	 	

Limitations	 in	 policy	 making	 in	 the	 area	 of	
government	vehicles	

X	 X	 X	 X	 X	

Limited	access	of	the	public	to	data	concerning	
government	vehicles	

X	 X	 X	 X	 X	

	

1. Data	describing	Government	Vehicles:	Closed	Data.	Readily	available.	Data	Owner:	Ministry	of	
Interior	and	Administrative	Reconstruction	

	
Measured	Variable:	Number	of	Government	Vehicles	
Dimensions:		

• Count	of	Government	Vehicles	
• Count	of	Government	Vehicles	per	Public	Agency	
• Count	of	Government	Vehicles	per	Region/Prefecture/Municipality	
• Proportion	of	 the	number	Government	Vehicles	 to	 the	number	of	Civil	 servants	per	Public	

Agency	
• Proportion	 of	 the	 number	 Government	 Vehicles	 to	 the	 number	 of	 Inhabitants	 per	

Region/Prefecture/Municipality	
	
Measured	Variable:	Engine	Displacement	(in	cubic	centimeters)	
Dimensions:		

• Average	Engine	Displacement	per	Region/Prefecture/Municipality	
• Average	Engine	Displacement	according	to	altitude	

	
2. Data	 on	 the	 lifecycle	 of	Government	Vehicles:	Will	 be	 available	when	Government	 Vehicles’	

Information	 System	 will	 be	 operational.	 Owner:	 Ministry	 of	 Interior	 and	 Administrative	
Reconstruction	

	
3. Data	 on	 the	 Operation	 and	 Management	 of	 Government	 Vehicles:	 Will	 be	 available	 when	

Government	Vehicles’	 Information	System	will	be	operational.	Owner:	Ministry	of	 Interior	and	
Administrative	Reconstruction	
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Measured	Variable:	Fuels	Consumption	
Dimensions:		

• Yearly	consumption	of	all	Government	Vehicles	
• Average	yearly	consumption	per	vehicle	type	
• Average	yearly	consumption	per	region/prefecture/municipality	
• Average	yearly	consumption	according	to	altitude	

	
Measured	Variable:	Maintenance	cost	
Dimensions:		

• Yearly	maintenance	cost	of	all	Government	Vehicles	
• Average	yearly	maintenance	cost	per	vehicle	type	
• Average	yearly	maintenance	cost	per	region/prefecture/municipality	
• Average	yearly	maintenance	cost	according	to	altitude	

	
Measured	Variable:	Vehicle	Insurance	cost	
Dimensions:	

• Yearly	insurance	cost	of	all	Government	Vehicles	
• Average	yearly	insurance	cost	per	vehicle	type	
• Average	yearly	insurance	cost	per	region/prefecture/municipality	

	
Measured	Variable:	Toll	fee	costs	
Dimensions:	

• Yearly	Toll	fee	cost	of	all	Government	Vehicles	
• Average	yearly	Toll	fee	cost	per	vehicle	type	
• Average	yearly	Toll	fee	cost	per	region/prefecture/municipality	

	
Measured	Variable:	Distance	travelled	
Dimensions:		

• Yearly/monthly/weekly/daily	total	distance	travelled	
• Average	yearly/monthly/weekly/daily	distance	travelled	per	municipality/prefecture/region	

Average	yearly/monthly/weekly/daily	distance	travelled	per	Public	Agency	

Final	Product	

The	main	category	of	target	users	of	the	final	product	will	belong	to	all	Greek	Public	Agencies	who	use	
government	 vehicles.	 These	 users	 will	 use	 the	 product	 that	 will	 be	 developed	 in	 order	 to	 obtain	
measures	and	reports	on	their	use	of	government	vehicles.		

The	Ministry	of	Interior	and	Administrative	Reconstruction	also	belongs	to	the	target	users,	as	it	will	
use	the	final	product	to	produce	managerial	reports	that	will	facilitate	them	in	their	decision	making	
process.		

The	final	product/service	will	also	be	targeted	to	citizens	as	users	who	might	be	interested	to	obtain	
open	 data	 regarding	 Government	 Vehicles.	 Additionally,	 companies	 engaging	 in	 activities	 relating	
vehicles,	 such	 as	 toll-management	 companies,	 technical	 maintenance	 companies	 and	 insurance	
companies	may	be	interested	to	obtain	and	use	the	open	data	provided	by	the	final	product.	
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The	final	product/service	will	be	able	to	combine	the	aforementioned	data	sets	to	produce	statistics	
that	will	provide	added	value	both	for	the	Greek	public	sector,	as	well	as	for	citizens	and	companies.		

In	 the	short	 term	the	product	will	be	able	 to	produce	statistics	on	descriptive	data	of	government	
vehicles,	while	in	the	medium	and	long-term	it	will	produce	statistics	and	measures	on	operational	
data	and	costs	of	government	vehicles.	On	the	long-term	the	final	product	will	also	be	able	to	produce	
managerial	reports,	make	forecasts	and	examine	trends	on	certain	measures	of	the	entire	life	cycle	of	
government	 vehicles,	 as	 well	 as	 examine	 and	 study	 causalities	 between	 the	 dependent	 and	
independent	variables.	Part	of	the	data	and	their	statistical	processing	results	will	also	be	open	to	the	
public	and	will	be	at	the	disposal	of	citizens/businesses	to	process	them	or	use	them	in	other	systems	
or	applications.	

Statistical	Analysis	Methods	that	need	to	be	applied	for	the	final	product/service	to	be	produced:	

• OLAP	Analysis	for	the	development	of	the	first	scenario	(short-term	goal)	

• Correlation	Matrix	for	the	development	of	the	first	scenario	(short-term	goal)	

• Regression	Analysis	for	the	development	of	the	second	scenario	(medium-term	goal)	

• Decision	Tree	for	the	development	of	the	third	scenario	(long-term	goal)	

Tools	for	the	graphical	representation	of	data	include	statistic	software	packages,	such	as	R-project	
etc.	

7.2 Pilot	2:	Enterprise	Lithuania	–	Lithuanian	Ministry	of	Economy	
Description	

Market	research	and	decision	making	process	problem	was	described	as	a	national	business	problem.	
Entrepreneurs	in	Vilnius	city	have	no	information	about	the	opportunities	and	competition	in	the	areas	
they	want	to	start	their	businesses.	They	need	to	invest	a	lot	of	resources	in	order	to	find	out	if	their	
idea	 has	 any	 potential.	 Linked	 open	 statistical	 data	 can	 be	 used	 to	 simplify	market	 research	 and	
decision-making	process	during	the	business	planning	stage.	

Datasets	

Dataset	 Description	 Measure	and	
dimensions	

Available	at	

Advertisement	
permits	Data	RDF	

Open	Data	 List	of	
advertisement	
permits	issued	to	
businesses	in	
Vilnius	city	

	

Permits	-	Hygiene	
Passports		RDF	

Closed	Data	 List	of	permits	-	
hygiene	passports	
issued	to	
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businesses	in	
Vilnius	City	

	

Final	Product	

The	final	product/service	will	let	the	users	to	navigate	the	Vilnius	city	map	and	see	all	active	businesses	
from	up	to	5	most	popular	business	areas	in	the	city.	The	target	users	of	this	product/service	will	be	
entrepreneurs,	who	are	planning	to	start	or	expand	their	businesses	in	Vilnius	city.	Visualization	tools	
are	needed	to	develop	the	final	product/service.	

7.3 Pilot	3:	Trafford	Council	
Description	

A	 distribution	 problem	 of	 Job	 Centers	 in	 England	 was	 described	 as	 a	 national	 problem	 of	 public	
administration	 and	 citizens’	 problem.	 The	 Department	 for	Work	 and	 Pensions	 (DWP)	 is	 a	 central	
government	department,	who	maintains	around	800	Job	Centre	Plus	 in	England	where	people	can	
claim	out	of	work	benefits,	receive	advice	on	CV-writing	and	interviews,	and	apply	for	jobs.	The	DWP	
is	reviewing	the	distribution	of	these	Job	Centers	and	wants	open	statistical	data	to	help	this	job	done.	

Datasets	

Dataset	 Description	 Measure	and	
dimensions	

Available	at	

Demographics	 Counts	of	people	
by	ethnicity,	age,	
gender,	by	Lower	
Super	Output	Area	
(LSOA)	

Open	Data	 NOMIS	web	portal	

Benefits	 Counts	of	people	
claiming	different	
benefits	by	broad	
age	band,	how	
long	they've	been	
claiming	for,	by	
LSOA	

Open	Data	 	

NOMIS	web	portal	

Qualifications	 Counts	of	people	
with	highest	
qualification	level,	
by	LSOA	

Open	Data	 NOMIS	web	portal	

Businessess	 Counts	of	
businesses	by	type,	
size,	number	of	

Open	Data	 • Business	
demography	
dataset	
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births	and	deaths	
(of	businesses),	by	
Local	Authority	
area	

• Companies	
House	open	
data	

16-18	year	olds	not	
in	education,	
employment	or	
training	

Counts	of	people	
by	Middle	Super	
Output	Area	
(MSOA)	

Open	Data	 data.gov.uk	

Physical	assets	 Details	of	public	
sector	assets	by	
address	

Open	Data	(may	be	
difficult	to	get	
used)	

Transparency	code	

Voluntary	groups	 Details	of	
voluntary/charity	
groups	by	address	

Open	Data	 Trafford	Innovation	
and	Intelligence	Lab	
portal	

	

Final	Product	

The	 final	 product/service	 will	 allow	 exploration	 of	 data,	 especially	 from	 a	 spatial	 point	 of	 view	 -	
allowing	people	to	see	where	needs	are	greater,	and	where	there	are	available	assets	or	groups	who	
could	support	an	alternative	model	of	delivering	Job	Centre	Plus	services.	The	tool	will	also	provide	a	
dashboard	for	decision-makers	to	get	the	most	up-to-date	information	about	worklessness	that	they	
can	 explore,	 drill-through,	 etc.	 The	 target	 users	 of	 this	 product/service	 will	 be	 local	 DWP	 teams	
responsible	 for	 reconfiguring	 the	 Job	 Centers,	 in	 conjunction	 with	 Local	 Authority	 leads	 for	
worklessness.	Ultimately,	the	public	are	the	users	of	the	Job	Centre	Plus.	Visualization	tools	to	include	
JavaScript,	HTML	and	CSS,	leaflet	mapping	library,	d3	visuals,	and	custom	JavaScript	tools	are	needed	
to	develop	the	final	product/service.	Publish	My	Data	linked	data	platform,	using	APIs	from	NOMIS	
and	other	Central	Government	portals	and	upload	pipelines	for	data	without	APIs	will	be	needed	too	

7.4 Pilot	4:	The	Flemish	Government	
Description	

A	problem	about	 reported	and	permitted	emission	was	described	as	 a	national	 problem	of	public	
administration,	business	and	citizens’	problem.	Someone	wants	to	compare	reported	and	permitted	
emissions	 or	 emission	 ratios	 between	 geographical	 regions.	 He	 maybe	 wants	 to	 link	 emission	 data	 with	
population	density	or	integrate	the	emission	data	with	health	data	and	look	for	correlations.	

Datasets	

Dataset	 Description	 Measure	and	
dimensions	

Available	at	
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Environmental	
permissions		

Open	Data*	 	 	

Reported	emission	
data	

Open	Data*	 Dimensions	are:	
reference	year,	
emitted	substance	
(pollutant),	
reference	area.	
The	measure	is	the	
quantity.	

	

Geographic	regions	
code	list	

Open	Data*	 	 	

Nace	code	 Open	Data*	 	 	

Healthdata	 Closed	Data*	 	 	

Business	registries	 Open	Data*	 	 	

*All	data	is	open	after	removing	personal	data	from	the	dataset	and	removing	documents	that	
contain	descriptions	of	specific	industrial	processes.	

Final	Product	

The	target	users	of	this	product/service	will	be	the	citizens	as	they	would	see	what	pollutants	in	what	
amounts	are	emitted	near	where	they	live.	The	target	users	are	also	the	legal	entities	as	they	would	
see	the	benchmark	with	other	legal	entities	in	the	same	sector	(How	ecological	am	I	as	a	company	
compared	with	others).	Finally,	government	is	also	target	user	of	the	final	product/service	as	it	can	
see	if	extra	pollution	be	permitted	in	a	certain	area	based	on	already	permitted	data	and	based	on	
reported	emissions.	Ontop,	tripple	store,	r-statistics	and	visualization	library	are	needed	to	develop	
the	final	product/service.	

7.5 Pilot	5:	The	Marine	Institute	
Description	

A	 search	 and	 rescue	 operation	 problem	 was	 described	 as	 a	 cross	 country	 problem	 of	 public	
administration,	business	and	citizens.	The	rescue	team	wants	to	know	the	current	conditions	in	the	
waters	around	the	coastline.	A	member	of	the	team	wants	to	return	information,	such	as	geo-located	
photographs,	to	team’s	coordinator	so	he	can	be	kept	up	to	date	of	the	search	team’s	location	and	
conditions.	 In	addition	 to	 the	public	authorities,	 a	member	of	 the	public	 involved	 in	 searching	 the	
coastline.	The	volunteers	want	to	have	access	to	the	same	apps	and	much	of	the	same	data	as	the	
authorities,	but	some	information	may	not	be	available	to	them.	The	team’s	coordinator	review	the	
information	collected	by	the	app	after	each	rescue	to	build	up	dataset	which	allows	him	to	develop	
local	search	and	rescue	policies.	

Datasets	
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Dataset	 Description	 Measure	and	dimensions	 Available	at	

Met	ocean	
observations	and	
forecasts	

Open	Data	 • temperature	
salinity	

• wind	speed	
and	direction		

• wave	and	
current	speed	
and	direction	
at	various	
locations	and	
depths/heights	
across	a	bay	

erddap.marine.ie	

Vessel	locations	in	
real-time	across	a	
bay	

Closed	Data	 	 Commercial	operators	
such	as	Marine	Traffic	

Location	of	a	person	
through	real-time	

Closed	Data	 	 Telecommunications	
companies	

	

Final	Product	

The	final	product/service	will	provide	a	tool	in	which	search	and	rescue	personnel	can	identify	the	key	
areas	to	search	for	a	casualty	in	the	water	for	rescue	or	recovery.	This	may	also	include	onshore	search	
parties	who	can	provide	their	location	and	coastal	imagery.	The	target	users	of	this	product/service	
are	 search	and	 rescue	 services.	 Statistical	analysis	of	data	on	entry	and	 rescue/recovery	 locations,	
visualization	 of	 forecast	 model	 outputs,	 visualization	 of	 traffic	 situation	 in	 the	 bay	
and	 predictive	 analysis	 of	 particle	 tracking	 are	 the	 tools	 are	 needed	 to	 develop	 the	 final	
product/service.	

7.6 Pilot	6:	The	Estonian	Ministry	of	Economics	
Description		

A	problem	about	buying	or	renting	a	flat	was	described	as	a	national	problem	of	public	administration,	
business	and	citizens’	problem.	If	someone	wants	to	buy	or	rent	a	flat,	a	house,	office	premises	or	a	
land	in	Estonia,	he	usually	needs	to	go	to	real	estate	websites	to	get	the	general	information	(total	
area,	built	year,	building	material,	ownership,	etc.).	If	he	wants	to	know	specific	details	or	learn	about	
restrictions	concerning	the	flat,	house,	office	premises	or	land	as	well	as	the	area	in	which	the	real	
estate	 is	 located,	 he	 needs	 to	 visit	 numerous	 different	 databases	 owned	 by	 different	 public	
authorities.	The	problem	is	that	an	average	citizen	does	not	know	those	databases	exist.	However,	if	
a	web	page/platform	could	provide	 the	 information	 someone	needs	would	become	available,	 this	
problem	would	not	be	exist.		

Datasets	
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Dataset	 Description	 Measure	and	
dimensions	

Available	at	

Building	Register	 *	 • Buildings	in	
communes	
in	Estonia	

• Building,	
address,	
commune	

Estonian	state	
information	
system’s	secure	
data	exchange	
layer	(X-Road)	

Land	Register	 *	 • Land	plots	in	
communes	
in	Estonia	

• Plot,	
address,	
commune	

X-Road	

Land	Cadastre	 *	 • Cataster	in	
commune	in	
Estonia	

• Cataster	
unit,	
description	

X-Road	

Land	tax	 *	 • land	tax	paid	
per	plot	

• Land	tax	per	
plot	per	year	

X-Road	

Estonian	Land	
Board	registries	

*	 • Real	estate	
valuation	of	
building	over	
time/history	

• Building/land	
plot,	price,	
date	

X-Road	

Insurance	costs	per	
building	

*	 Cost,	building	 X-Road	

Utilities	in	the	
house	

*	 Building,	costs	per	
sqm	winter/summer	

X-Road	

City	and	local	
municipalities	
registries	

*	 • Planning	and	
future	
building	
information	

• Land	plot	
• Planned	

buildings	

X-Road	

Technical	
Regulatory	
Authority	registry	

*	 Internet,	telephone,	
TV	connection	

X-Road	
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availability	per	
building	

City	and	
municipalities	
Environment	
Departments	
registries	

*	 Environmental	
information	(noise,	
storm	water,	air	
pollution)	

X-Road	

City	and	local	
municipalities	
registries	

*	 Public	transport,	
timetables,	tickets	

X-Road	

Land	Board	
Geographical	
Information	
System	

*	 Distance	from	
kindergartens,	
schools,	hobby	
education,	
pharmacies,	
hospitals,	churches,	
dog	parks,	
playgrounds,	malls,	
etc.	

X-Road	

Police	and	Border	
Guard	Board	
registries	

*	 Crimes	in	that	area	
(physical	violence,	
robberies,	theft	from	
residential	premises,	
car	theft,	theft	from	
cars)	

X-Road	

Tallinn	Waste	
Centre	

*	 Closest	recycling	
points,	deposited	
packages	kiosks,	
waste	transport	

X-Road	

News	about	the	
nearby	area	

*	 What	has	happened	
(example:	festival)/is	
going	to	happen	
(new	mall	is	going	to	
be	built	or	cultural	
happenings)	

X-Road	

*most	 of	 them	 are	 closed	 data	 at	 the	 moment	 but	 access	 to	 data	 can	 rather	 easily	 be	
requested	

Final	Product	
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The	final	product/service	would	be	a	search	engine	which	will	be	able	to	show	a	large	amount	of	useful	
information	about	the	flat,	house,	office	premises	or	land	that	different	types	of	users	are	interested	
in.	 This	 information	would	normally	have	 to	be	 searched	 for	 from	different	 registers,	 so	 the	main	
benefit	 would	 be	 substantial	 time	 savings	 for	 users.	 The	 search	 engine	 would	 show	 different	
information	on	a	map	platform,	providing	visuals	and	information	on	one	screen.	It	would	be	possible	
to	zoom	the	map	in	and	out,	use	different	layers,	filter	information,	click	on	additional	links,	etc.	The	
target	users	of	this	product/service	will	be	all	citizens	who	need	to	rent	or	purchase	new	real	estate	
or	land,	real	estate	broker,	real	estate	developers,	investors,	notaries	and	government	officials	who	
are	responsible	for	urban	planning	and	“long	range	developments/plans”	who	need	information	on	
trends	to	improve	the	area	(better	living	area	–	more	taxes,	more	taxes	–	more	stuff	the	city	can	do).	
The	 platform	 should	 foremost	 be	 able	 to	 visualize	 statistical	 and	 other	 kinds	 of	 data	 in	 one	map	
solution.	The	development	of	this	service	also	requires	opening	up	and	linking	data	from	disparate	
sources.	
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8 Data	Infrastructures:	State-of-the-Art		
In	this	section,	we	provide	a	review	of	the	linked	and	open	data	infrastructure.	We	start	by	outlining	
the	 principles	 for	 opening	 data	 and	 discuss	 the	 various	 aspects	 of	 open	 data	 infrastructures.	We	
conclude	that	infrastructures	are	diverse	and	can	support	a	variety	of	activities	during	the	open	data	
life	cycle.	

8.1 Maturity	Level	
LOSD	 is	 in	 its	 infancies	 and	 organizations	 try	 to	 move	 towards	 higher	 levels	 of	 maturity.	 In	
psychological	 area,	 maturity	 means	 the	 ability	 to	 respond	 to	 the	 environment	 in	 an	 appropriate	
manner.	Unlike	the	direct	definition	from	maturity	level,	there	is	no	LOSD	maturity	model	found	in	the	
literature	review,	although	there	are	in	related	areas.	

Kalampokis	et	al.	(2011)	proposed	a	model	to	evaluate	the	maturity	level	of	OGD	based	on	two	main	
approaches:	 Technological	 and	 Organizational.	 The	 Technological	 approach	 was	 divided	 in	 two	
dimensions:	Downloadable	files	and	Linked	Data.	The	factors	to	explain	the	Downloadable	files	were:	
Proprietary	and	desktop-centric	formats,	Machine-readable	formats,	and,	Machine-readable	formats	
using	 open	 standards.	 The	 LD	 dimensions	 was	 divided	 in	 two	 factors:	 LD	 principles	 and	 Linking	
available	data.	The	Organisational	approach	was	based	on	Direct	and	Indirect	dimensions.	

Using	 this	model,	 it	becomes	possible	 to	determine	 the	existing	LOD	 level	of	 the	organisation	and	
provide	a	 roadmap	to	"evolve	and	 reach"	 the	considered	highest	 level	of	OGD	Maturity	Level,	 the	
Indirect	Provision	of	Linked	Data.	To	explain	the	model,	Kalampokis	et	al.	(2011)	using	an	example	of	
accessing	RDF	data	via	API.	Further,	they	explain	if	the	organisation	offers	OGD	via	downloadable	files	
on	a	direct	way,	it	was	on	a	"Repository	of	downloadable	files",	also	known	as	"dumps"	(Jentzsch	et	
al.,	2009).	If	it	was	on	Linked	Data	approach	and	direct,	the	level	of	"Direct	Provision	of	Linked	Data",	
such	as	a	dump	but	on	Linked	Data	formats	such	as	RDF.	If	Still	downloadable	files	but	indirect,	they	
considered	a	level	of	"Registry	of	Downloadable	Files",	what	means	a	catalogue	of	datasets	with	URL	
for	the	owners’	pages.	Figure	23	summarises	the	OGD	model	of	Kalampokis	et	al.	(2011).	

	
Figure	23	-	OGD	Classification	Scheme	
Source	from	Kalampokis	et	al.	(2011)	

	



	 	D1.1	–	OpenGovIntelligence	challenges	and	needs	

	

	

Page	93	of	156	

	

	

Lee	&	Kwak	(2012)	proposed	a	model	for	open	government	that	consists	of	five	maturity	levels:	initial	
conditions	 (Level	 1),	 data	 transparency	 (Level	 2),	 open	 participation	 (Level	 3),	 open	 collaboration	
(Level	4),	and	ubiquitous	engagement	(Level	5).	The	focus	of	their	research	was	on	transparency	and	
collaborative	public	engagement	on	the	health	of	United	States	of	America	(USA)	based	on	the	social	
media	interactions.	Indeed,	this	is	not	related	on	the	topic,	Figure	24	shows	a	trend	that	can	be	used	
for	 a	 Linked	 Data	 Maturity	 Level	 taking	 in	 consideration	 the	 scheme	 of	 benefits/challenges	 and	
organisational	complexity.	

	

	
Figure	24	-	Open	Government	Maturity	Model	(OGMM)	

Source	from	Lee	and	Kwak	(2012)	
	

Janssen	et	al.	(2014)	proposed	a	maturity	level	for	interoperability	of	Big	and	Open	Linked	Data	(BOLD).	
The	 maturity	 level	 takes	 in	 consideration	 stages,	 describing	 them	 with	 specific	 needs	 and	
requirements	to	evolve,	such	as	a	roadmap	for	implementation.	Defining	their	data	interoperability	
maturity	level,	expanding	capabilities,	and	developing	a	data	portfolio	can	help	guide	organizations	as	
they	move	toward	ubiquitous	 information	sharing.	This	 is	helpful	 to	create	a	Linked	Data	Maturity	
Model	(LDML)	using	for	example	part	of	the	benefits,	risks	and	challenges	found	on	literature	review	
summarised	on	Figure	25.	
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Figure	25	-	Interoperability	maturity	stages	for	Big	and	Open	Data	
Source	from	Janssen	et	al.	(2014)	

	

8.1.1 Linked	Data	Maturity	Level	

This	LDML	presented	on	this	section	is	not	part	of	the	State-of-Art	but	it	was	decided	to	be	written	
due	 the	 possibility	 of	 earning	 time	 and	 receiving	 inputs	 and	 review	 from	 partners	 to	 the	WP2	 –	
Framework	Creation	and	the	WP	4-	Pilots	Planning	Evaluation.	

To	 enable	 our	 evaluation	 on	 the	 OpenGovIntelligence	 pilots,	 we	 considered	 to	 propose	 a	 LDML	
observing	related	maturity	models	on	OGD	(Kalampokis	et	al.,	2011;	Lee	&	Kwak,	2012;	Janssen	et	al.,	
2014).	From	the	maturity	levels	identified	on	the	literature	review	of	OGD	maturity	level,	the	Figure	26	
summarized	the	proposed	Open	Linked	Data	Maturity	Level.		

	

	

Figure	26	-	Linked	Data	Maturity	Level	
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The	questionnaire	presented	on	Table	3	can	be	used	for	evaluation	of	LDML	from	four	main	aspects:	
Data,	Technical	and	Infrastructure,	Organisational,	Financial	and	People.	Each	of	them	have	specific	
questions.	 Before	 the	 questionnaire,	 it	 is	 recommended	 to	 have	 some	 prerequisite	 questions	 for	
filtering	cases	and	initiatives	that	are	not	yet	Linked	Data.	

Using	the	questionnaire,	the	organisation	can	identify	their	current	level	of	LOD,	and	create	a	roadmap	
to	evolve,	reach	benefits	and	also	overcome	challenges	or	risks	identified.	For	example,	if	the	majority	
of	 the	 answers	 are	 on	 the	 initial	 stage	 then	 the	 organisation	want	 to	 reach	 the	 intermediate	 and	
mature	stage.	This	table	will	be	improved	and	applied	later	 in	the	project	to	diagnose	each	pilot	 in	
detail	and	suggest	a	strategy	to	overcome	the	challenges	and	risks	identified	in	accordance	with	the	
objectives	of	pilots.	

Taking	consideration	of	IT	governance	maturity	models	already	established	on	literature	and	market	
good	practices	we	could	bring	some	references	to	influence	proposing	questions	for	identify	maturity	
level.	

Table	3	-	Proposed	Questionnaire	for	Evaluating	the	Open	Linked	Data	Maturity	Level	of	Pilots	

Dimensions	/	
Stages	

Questions	
Initial	Level	 Intermediary	Level	 Mature	Level	

Prerequisite	 Which	is	the	Organisation	level	of	15	Open	Data	
principles?		

At	least	half	of	
the	8	first	
principles	

At	least	12	principles	 All	the	principles	

Which	is	the	Organisation	level	of	Linked	Open	Data	
principles	(Berners-Lee’s	5-stars)?		

At	least	3rd	
Level	(CSV)	

At	least	4th	Level	
(RDF)	

5th	Level	(Linked	RDF)	

Data	 Does	the	organisation	use	web	ontology	language	or	
standards	for	Linked	Data	(LD)	publishing?	

YES	 YES	 YES	

Does	the	organisation	use	always	the	same	ontology,	
web	semantic	and	standards	for	LD	publishing?	

NO	 50%	or	less	of	
datasets	

100%	of	datasets	

Does	the	organisation	have	metadata	for	the	Linked	
Data?	

NO	 50%	or	less	of	
datasets	

100%	of	datasets	

Does	the	organization	provide	data	license	for	each	
published	datasets?	

NO	 YES	 YES	

What	is	the	level	of	datasets	structure	before	Linked	
Data?	

Unstructured	 Semi-Structured	 Structured	

	
Technical	and	
Infrastructure	

Does	the	Organisation	use	Open	Data	Architecture?	 NO	 50%	or	less	of	
systems	

100%	of	system	
architectures	

Does	the	organisations	use	standardised	and	
interoperable	language	of	coding	on	systems	and	
datasets?	

NO	 Mix	of	interoperable	
but	no	standardised	
languages	

Java	

Does	the	Organisation	have	proper	storage	and	
processing	computers	(Big	Data	Environment)?	

NO	 NO	 YES	

Does	the	Organisation	have	any	data	cube	for	Linked	
Data	creation?	

YES	 YES	 YES	
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Do	the	organizations	use	common	tools	for	the	search	
functionality	of	their	datasets?		

YES	 YES	 YES	

Organisational,	
Financial	and	
People	

Does	the	organisation	have	budget	for	evolve	the	
collection,	storage	and	processing	toward	Big	Data?	

NO	proper	
budget.	

Budget	for	partial	
project.	

Budget	for	dull	project.	

Does	the	organisation	have	a	team	of	Data	scientists	
for	Linked	Data	publishing?	

NO	 YES	 YES	

There	is	a	diversity	of	backgrounds	on	data	scientists	
team?	

NO	 No	plurality	of	
backgrounds	and	
skills	

Diverse	of	backgrounds	
and	skills	

Which	is	the	Level	of	governance	for	OGD	and	Linked	
Data	implementation	(Web-ontologies)?	

Low	 50%	of	time	or	less	
people	use	the	OGD	
and	LD	properly	

100%	of	time	people	
use	OGD	and	LD	
principles	properly	

	

8.2 Data	Infrastructures	

8.2.1 Principles	for	opening	data	

In	 2007	 a	 group	 of	 experts	 in	 Open	 Data	 had	 a	 meeting	 to	 decide	 upon	 the	 principles	 of	 Open	
Government	Data	(OpenGovData.org	2007).	The	eight	initial	principles	were:	

1. Complete:	 All	 public	 data	 are	made	 available	with	 no	 subject	 to	 valid	 privacy,	 security	 or	
privilege	limitations.	

2. Primary:	Data	are	collected	from	the	source,	with	the	highest	possible	level	of	granularity,	not	
in	aggregate	or	modified	forms.	

3. Timely:	Data	are	made	available	as	quickly	as	necessary	to	preserve	the	value	of	the	data.	
4. Accessible:	Data	are	available	to	the	widest	range	of	users	for	the	widest	range	of	purposes.	
5. Machine	Process-able:	Data	are	reasonably	structured	to	allow	automated	processing.	
6. Non	Discriminatory:	Data	are	available	to	anyone,	with	no	requirement	of	registration.	
7. Non-Proprietary:	Data	are	available	in	a	format	over	which	no	entity	has	exclusive	control.	
8. License-Free:	Data	are	not	to	be	subject	to	any	copyright,	patent,	trademark	or	trade	secret	

regulation.	Reasonable	privacy,	security	and	privilege	restrictions	may	be	allowed.	
Later,	seven	more	principles	were	added	on	the	eight	principles	list:	

9. Online	and	Free:	Data	should	be	accessible	on	the	Internet	and	also	not	a	subject	of	any	kind	
of	costs.	

10. Permanent:	Data	should	be	at	the	same	place	and	with	same	format	as	long	as	possible.	
11. Trusted:	 Data	 should	 be	 digitally	 signed	 or	 should	 include	 attestation	 of	 publication	 of	

datasets.	This	can	bring	more	trustworthiness	to	the	users	of	OGD.	
12. A	Presumption	of	Openness:	Effects	of	the	Freedom	of	Information	Act	(FOIA),	data	should	

have	a	comprehensive	information	management.	
13. Documented:	 Datasets	 should	 have	 metadata	 which	 are	 the	 data	 that	 explain	 what	 the	

specifications	 of	 all	 the	 data	 on	 datasets	 are.	 An	 example	 would	 be	 the	 speed	 of	 buses	
measured	in	kilometres	per	hour	rather	than	miles	per	hour.	
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14. Safe	to	Open:	Avoid	unsafe	formats	of	data	such	as	executable	(.exe).	Hackers	can	change	
datasets	and	attack	vulnerable	people	via	open	data,	thereby	reducing	trustiness	on	the	OGD	
portals	and	governmental	datasets.	

15. Design	with	Public	Input:	The	public	should	be	able	to	choose	the	best	format	or	way	to	access	
datasets.	This	offers	the	freedom	of	choice	for	users	of	the	same	datasets.	

8.2.2 The	rise	of	Open	Data	Infrastructures	

The	development	of	open	data	infrastructures	is	driven	by	open	government	policies.	In	Europe,	the	
implementation	of	“Open	Government	Data”	public	policies	started	in	2003	with	the	publication	of	
Public	Sector	Information	Directive	(PSI	Directive).	The	Directive	was	finished	in	2013	with	the	proper	
update	of	Open	Government	Data	principles	(Janssen,	2011).	

In	the	United	States	of	America	(USA),	the	Open	Data	received	a	boost	since	the	Obama	Memorandum	
of	Open	Government,	including	Open	Data	format	(Coglianese,	2009;	Obama,	2009).	In	2011,	the	Open	
Government	Partnership	(OGP)	was	created	giving	a	push	to	the	international	discussion	about	OGD	
and	the	implementation	of	new	projects	around	the	world	(Cretu	&	Manolea	2013;	Manolea	&	Cretu,	
2013).	 In	order	to	participate	in	the	OGP,	an	Action	Plan	was	deemed	mandatory.	This	plan	should	
entail	strategies	for	the	open	government	and	governmental	data,	further	creating	channels	for	public	
participation.	 All	 the	 plans	 were	 evaluated	 by	 the	 civil	 society	 with	 the	 aim	 of	 reducing	 bias	 of	
governmental	evaluation	of	their	own	projects’	results.	

Recently,	 in	2013,	the	Group	of	Eight	8	(G8)	created	the	Open	Data	Charter,	emphasizing	the	open	
government	and	open	data	format	publishing	(Chan,	2014)	and	following	almost	all	the	rules	from	the	
aforementioned	described	initiatives.	

The	 implementation	 of	 OGD	 portals	 	 and	 	 their	 initiatives	 around	 the	 world	 prompted	 people,	
enterprises,	journalists	and	the	public	sector	itself	to	consume	data,	hence	creating	the	so-called	“OGD	
ecosystem”	 (Ding	 et	 al.,	 2011).	 This	 reuse	of	 data	has	 various	objectives.	 For	 the	 civil	 society,	 the	
common	usage	is	to	promote	transparency	as	“infomediary”	and	intermediary	between	government	
and	people	(Magalhaes	et	al.,	2013;	Janssen	&	Zuiderwijk,	2014),	to	create	transparency	portals	and	
social	web	applications	(Matheus	&	Janssen,	2013)	or/and	to	provide	accountability	of	governmental	
actions	(Chun	et	al.,	2010).	

Enterprises	 are	 commonly	 using	 Open	 Data	 and	 Open	 Architectures	 (Linked	 Data)	 for	 better	
communication	and	data	exchange	with	governments	(Wood	et	al.,	2014)	or	for	creating	applications	
(Ubaldi,	2013).	Journalists	also	have	been	using	data	to	create	more	trustiness	and	interactive	stories	
concerning	 the	 	government	or	 the	society	with	 the	use	of	OGD	 (Gray	et	al.	2012;	Matheus	et	al.,	
2014).	

8.2.3 Infrastructure	Operating	in	an	Open	Data	Ecosystem	

Zuiderwijk	et	al.	(2014)	identified	an	ecosystem	with	multiple	dimensions.	The	dimensions	that	should	
be	taken	into	consideration,	while	creating	an	open	data	ecosystem,	are	(a)	the	tools	and	services	that	
must	be	provided	or	used,	(b)	the	contextual	level	of	data	producer,	and	(c)	data	users.	The	factors,	
influencing	the	three	dimensions,	help	Public	Sector	to	have	better	results	on	Open	Data	initiatives.	
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For	example,	the	usage	of	Application	programming	Interface	(API)	for	publishing	data	is	faster	than	
dumps	of	the	datasets	and	more	secure	in	comparison	to	direct	access	of	government	databases.	

While	considering	other	dimensions,	Dawes	et	al.	(2016)	explained	that,	in	order	to	create	an	open	
data	ecosystem	for	the	government,	it	is	necessary	to	identify	the	beneficiaries	and	their	objectives	
upon	 using	 the	 data.	 This	will	 influence,	 via	 feedback	 and	 communication,	 the	 OGD	 providers.	 In	
addition,	advocacy	and	interaction	were	identified.	The	factors	considered	in	this	initial	design,	that	
can	influence	the	motivation	of	OGD	development,	are	openness,	data-driven	products	and	service.	

The	strategies	of	publishing	explained	in	Zuiderwijk	et	al.	(2014)	can	be	identified	on	the	high-level	
Figure	 27	 of	 Dawes	 et	 al.	 (2016).	 The	 strategies	 identified	 are:	 legal	 framework,	 priorities	 of	 the	
government	 and	 resource	 allocation,	 or	 agenda	 setting	 (Jetzek,	 2015;	 Kingdon	 2003),	 and	
organisational	relationships	(internal	and	external).	

	

	 	
Figure	27	-	Open	Data	Ecosystem	
Source	from	Dawes	et	al.	(2016)	

8.2.4 Open	Data	Infrastructures	(ODI)	

Open	Data	are	considered	to	bring	several	benefits.	However,	 it	 is	unlikely	to	create,	maintain	and	
reach	all	the	potential	benefits	without	the	Open	Data	Infrastructures	(ODI).	This	section	enlists	ODI	
and	 how	 they	 are	 used	 in	 governmental,	 societal	 and	 private	 sector	 initiatives.	 This	 section	 also	
provides	an	answer	to	the	objectives	1	and	4	mentioned	earlier	at	the	section.	

For	 Zuiderwijk	 et	 al.	 (2013)	 the	 ODI	 is	 seen	 as	 synonymous	 to	 the	 Open	 Data	 Portal	 (ODP).	 The	
categories	and	 range	of	 capabilities	observed	were	general	 functionalities,	 such	as	 the	 creation	of	
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Open	 Data,	 Opening-up	 Data,	 Finding	 Open	 Data,	 Usage	 of	 Data	 and	 Discussing	 Open	 Data.	 For	
Zuiderwijk	et	al.	(2013),	there	were	other	categories	and	characteristics	of	ODI	at	ODP,	such	as	access,	
sharing,	navigation	of	ODP,	uploading,	downloading,	data	quality,	analysing,	visualising,	 linking	and	
combining	 open	 data,	 collaborating,	 support	 and	 help,	 and	 feedback.	 Matheus	 &	 Janssen	 (2013)	
provided	 insights	 for	 transparency	 via	 opening-up	 data	 and	 identifying	 the	 dimensions	 of	
interpretation	and	accessibility.	The		

Table	4	summarizes	the	others	sub-dimensions	identified	and	presented	in	Figure	28.	

Table	4-	Factors	that	influence	Open	Data	Infrastructures	

Dimension	 Sub-Dimension	 Explanation	

Interpretation	 Interpretation	of	
data	

Easier	interpretation	of	data	results	in	higher	transparency	

Examples	 Presence	of	examples	of	the	website	product,	the	higher	has	a	positive	
influence	on	interpretation.	

Simple	Language	 Simple	language	has	significant	positive	influence	on	transparency.	

Data	Quality	 Higher	information	quality	has	a	significant	influence	on	interpretation.	

Higher	updated	information	has	a	significant	influence	on	data	quality.	

Higher	data	completeness	has	a	significant	influence	on	data	quality.	

Higher	data	accuracy	has	a	significant	influence	on	data	quality.	

Accessibility	 Accessibility	of	
data	

Higher	accessibility	has	a	significant	positive	influence	on	transparency.	

Data	Overload	 Data	overload	has	a	significant	negative	influence	on	accessibility.	

Adhesion	to	
Standards	

Adhesion	to	standards	has	a	significant	positive	influence	on	
accessibility.	

Unified	
Technology	

Unified	use	of	technology	has	positive	influence	on	accessibility.	
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Figure	28	-	Factors	that	influence	Open	Data	Infrastructures	

Adapted	from	Matheus	&	Janssen	(2013)	
	

Furthermore,	research,	provided	by	Zuiderwijk	et	al.	(2013),	extends	the	ODI	framework.	For	example,	
Jetzek	(2015)	pointed	out	that	there	is	no	“free	data”,	just	“free	and	open	access”	as	well	as	the	costs	
for	 opening-up	 Open	 Data.	 The	 organization	 is	 paying,	 in	 any	 format,	 to	 collect,	 store,	 clean	 and	
publish	 the	data	sets.	 In	addition,	 there	are	 legal	barriers	 to	access	 the	data,	 such	as	geographical	
maps	 of	 cities.	 To	 overcome	 those	 issues,	 Jetzek	 (2015)	 identified	 that	 a	 legal	 standardization	 of	
publishing	data	using	creative	common	licenses	is	recommended.	Next,	Jetzek	(2015)	also	identified	
the	use	of	web-semantic	and	web-ontologies	to	address	the	interoperability	issues	between	systems	
and	 data	 sets.	 According	 to	 Janssen	 et	 al.	 (2003),	 while	 discussing	 the	 interoperability	 between	
systems	and	data	sets	for	the	provision	of	electronic	government	(E-Gov)	services,	web-semantic	and	
web-ontologies	 are	 enabled	 by	 Open	 Architecture.	 Last,	 Nushi	 et	 al.	 (2015)	 complemented	 this	
research	with	the	need	of	spatial	data	to	improve	the	connections	and	visualizations.	

There	is	a	variety	of	objectives	of	ODI.	The	outcomes	identified	for	OD	usage	are	commonly	based	on	
four	axes	(areas	or	objectives)	that	are	summarized	in	Table	4:	

Table	5	-	Objectives	of	ODI	

Outcome	Axe	of	Open	Data	Usage	 Sources	Identified	

Transparency,	Accountability	and	
Anti-Corruption	

Peixoto	 (2013),	 Zuiderwijk-van	 Eijk	 &	 Janssen	 (2015),	
Matheus	&	Janssen	(2016)	

Participation	and	Collaboration	 Zuiderwijk-van	Eijk	&	Janssen	(2015),	Craveiro	et	al.	(2016)	

Economic	Growth	and	Innovation	 Janssen	(2012),	Janssen	et	al.	(2012),	Ubaldi	(2013)	

Organisational	Management	and	
Improvement	of	Service	Delivery	

Robinson	et	al.	(2009),	Chun	et	al.	(2010),	Shadbolt	et	al.	
(2012),	Yang	&	Wu	(2016)		
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ODI	contain	a	mix	of	functionalities.	Some	portals	have	complex	functionalities,	whereas	others	are	
simple.	We	reviewed	the	literature	and	identified	the	functionalities	of	ODI	as	listed	in	the	table	below.		

Table	6	-	Overview	of	Requirements	and	Functionalities	for	Open	Data	Infrastructure	

OGD	Usage	
Categories	

Functions	 Description	 Source	

	
General,	creation	
and	opening-up	
of	data		

Long-Term	
platform	

Platform	should	respect	OD	principle	for	long-
term	platforms	(permanent).	

OpenGovData.org	(2007)	

Support	
Multilingual	

Countries	with	more	than	one	language	need	to	
provide	multi-language	support.	Globalization	
also	pushes	English	as	second	language.	

Hillier	(2003),	Halb	et	al.	
(2010),	Lehmann	et	al.	
(2015)	

Registration	Login	 Login	system	for	users	with	possibility	to	add	
new	features	in	accordance	with	needs.	

Nevarez	&	White	(1998)	

Upload	and	edit	
new	data	sets	

After	login,	users	of	ODP	and	owners	of	data	
sets	can	freely	upload	and	edit	new	data.	

Charalabidis	et	al.	(2014)	

Support	for	
publication	
(guidelines)	

Examples	of	how	to	use	data	sets	and	
frequently	asked	questions	(FAQ)	can	increase	
chances	of	usage.	

Matheus	&	Janssen	(2013)	

Format	of	Data	
sets	

Data	should	be	on	the	last	level	of	5	Stars	
Scheme	(Linked	RDF)	and	option	for	download	
and	access	on	diverse	granularity.	

Berners-Lee	(2009)	

Metadata	
presence	

Respect	to	OD	Principle	(documented)	and	helps	
users	on	usage	of	data	sets.	

OpenGovData.org	(2007)	

Data	creators’	
information	

Owners	of	data	sets	should	be	informed	to	
enable	openness	of	more	data	sets.	

OpenGovData.org	(2007)	

Version	
Management	

Data	should	have	a	functionality	showing	the	
versions	to	users	(history).	

Matheus	&	Janssen	(2013)	

RDF	high	quality	 Reaching	the	last	stage	of	5	Star	Scheme	give	
flexibility	and	agility	on	usage	of	data.		

Berners-Lee	(2009)	

Linked	Open	
Vocabularies	

Following	the	common	Linked	Vocabularies	
influence	on	the	quality	of	usage.	

Bizer,	Heath	et	al.	(2009)	

Linked	Statistical	
Data	Vocabulary	

Data	sets	have	specific	vocabularies.	Statistic	
vocabulary	influence	on	quality	of	usage.	

Norway	(1998)	

Linked	Geo	Data	
Vocabulary	

Data	sets	enriched	with	standardised	
geolocation	can	help	quality	of	usage.	

Auer	et	al.	(2009),	Stadler	et	
al.	 (2012),	 Nushi	 et	 al.	
(2015)	

Tags	based	on	web	
semantic	

Presence	of	tags	can	help	quality	of	usage	due	
organisation	and	visualisation	at	glance.	

Sigurbjörnsson	&	Van	Zwol	
(2008)	

Finding,	
searching	and	
accessing	Open	

Data	overview	 Providing	overview	of	datasets	can	help	usage	
of	data	sets.	

Sigurbjörnsson	&	Van	Zwol	
(2008),	Zuiderwijk	et	al.	
(2013)	
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Data	 Structured	Search	
Functionality	

Search	functionality	based	on	categories	of	data	
sets	such	as	topic,	owner,	date,	etc.	

Tjondronegoro	&	Spink	
(2008)	

High	level	of	user	
experience	design	

Design	of	website	can	help	usage	of	data	sets.	 Garrett	(2010)	

FOIA	channel	for	
not	found	dataset	

FOIA	channel	for	demanding	officially	datasets	
that	were	not	found	on	the	ODP.	

Hunnius	&	Krieger	(2014)	

Channels	for	data	
consumption	

Option	for	channels	to	access	data	such	as	API,	
Dump,	JavaScript	Object	Notation	
	(JSON),	Web	Map	Service	(WMS)	etc.	

Berners-Lee	(2009)	

Free	access	 Free	of	captcha	features	and	usage	of	re-
captcha	

Von	Ahn	et	al.	(2008)	

Free	cost	to	access	 No	cost	to	access	data	as	principle	of	OD.	 Bizer	et	al.	(2009)	

Usage	of	Open	
Data	

Simple	Analysis	
features	

Regular	analysis	on	the	web	browser	(graphs,	
table	and	maps)	

Winn	(2013)	

Data	Cubes	for	
Analysis	

Advanced	analysis	will	require	complex	data	
cubes	and	their	functionalities.	

Klímek	et	al.	(2016)	

Linking	and	
Combining	Data	

Open	or	linked	format	enable	combining	data	
sets	for	several	purposes	(research,	analysis,	
accountability,	transparency,	advocacy,	etc.)	

Janssen	et	al.	(2012),	
Shadbolt	et	al.	(2012)	

Diverse	options	of	
visualisation	

Diverse	options	of	visualisation,	including	
dashboards	at	glance	with	graphs,	maps	and	
interactive	tables.	

Maheshwari	&	Janssen	
(2013),	Maheshwari	&	
Janssen	(2014)		

Cleansing	and	
filtering	Data	

Option	for	filtering	and	cleansing	the	data	
before	analysis	and	visualisation.	

Auer	et	al.	(2007)	

Curation	of	data	
sets	

Curation	of	data	based	on	the	cleansing	process.	 Janssen	et	al.	(2012)	

Discussing	and	
Feedback	
Process	of	OD	
and	ODP	

Channel	for	
qualitative	
feedback	

Wiki	with	forum	and	mail	box	functionality	to	
receive	and	discuss	complains	about	data	sets.	

Zuiderwijk	et	al.	(2013)	

Forum	for	
discussion	of	data	

Specific	discussions	can	be	done	on	the	page	of	
data	set.	

Zuiderwijk	et	al.	(2013)	

Channel	for	
quantitative	
feedback	

Facebook	like	button	feature.	 Gerlitz	&	Helmond	(2013)	

Social	Media	share	
buttons	

Social	media	share	functionality	for	Twitter,	
Facebook,	etc.	for	data	sets	and	analysis.	

Kaplan	&	Haenlein	(2010)	

List	of	applications	
created	with	OD	

List	with	projects	that	used	OD	as	source.	 Matheus	et	al.	(2015)	

Upload	and	linking	
derived	Data	sets	

Creating	new	data	sets	can	be	uploaded	and	
linked	to	original	data.	

Zuiderwijk	et	al.	(2013)	
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8.2.5 Open	Data	Lifecycle	support	by	infrastructures	

Most	infrastructures	support	only	one	part	of	the	open	data	lifecycle.	Attard	et	al.	(2015)	proposed	
that	open	data	in	government	follow	a	lifecycle	based	on	three	main	stages:	pre-processing,	exploiting	
and	maintenance.	Each	stage	has	one	or	more	steps	that	are	represented	at	Figure	29	and	described	
in	Table	6	-	Overview	of	Requirements	and	Functionalities	for	Open	Data	Infrastructure.	

	
Figure	29	-	Open	Government	Data	Lifecycle	(taken	from	Attard	et	al.	(2015)	

	

Lapi	et	al.	 (2012)	 identified	a	generic	 scenario	 for	Open	Data	provision	 taking	 in	consideration	 the	
process	flow,	the	systems	and	the	actor	or	domains	involved.	The	Figure	30	summarises	the	generic	
scenario.	Based	on	this	scenario	is	possible	to	identify	that	Open	Data	has	a	flow	with	7	steps:	data	
collection;	 internal	 data	 management;	 data	 publication;	 data	 enrichment;	 data	 access;	 data	
integration	 into	Apps;	Data	Usage.	The	Data	usage	will	 influence	 the	Data	collection,	 internal	data	
management	and	data	enrichment,	as	a	“feedback”	system	for	Open	Data.		

Hunnius	and	Krieger	(2014)	believe	that	there	is	no	discussion	a	priori	of	which	data	will	be	open	and	
formats	will	be	chosen.	Moreover,	they	highlighted	the	issues	about	licenses,	that	influence	the	usage	
of	open	data.	They	suggest	that	technical	aspects	and	political	aspects	should	be	considered	in	the	
Open	Data	lifecycle.	
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Figure	30	-	Generic	Scenario	for	Data	Provision	

Source	from	Lapi,	Tcholtchev	et	al.	(2012)	
	

In	the	open	data	lifecycle,	there	are	many	stakeholders	involved.	The	decisions	concerning	the	stages	
and	 identified	 in	 the	Open	Data	 lifecycle	are	 summarized	and	described	 in	Table	7.	 The	 steps	and	
stages	identified,	have	brought	up	the	opportunities	the	OD	offers	to	a	variety	of	actors.		Jetzek	et	al.	
(2014)	pointed	out	that	it	is	now	possible	to	create	any	value	from	OD	to	civil	society	and	governments.	
The	common	outcomes	generated	by	OD	are	defined	on	economic	or	social	values.	Depending	on	the	
stakeholder	and	focus	considered,	the	value	generated	can	be	transparency,	participation,	efficiency	
or	 innovation.	The	efficiency	and	 innovation	can	be	generated	also	by	 the	ambidexterity	 influence	
onto	opening-up	data	(Matheus	&	Janssen	2016),	when	is	necessary	to	keep	the	provision	of	public	
services.	 However,	 constraints,	 such	 as	 a	 financial	 crisis,	 enforce	 the	 identification	 of	 innovative	
solutions	in	order	to	provide	a	better	quality	whilst	using	a	smaller	quantity.	

For	cases	like	the	civil	society,	transparency	and	participation	can	be	generated	by	non-governmental	
organizations.	Magalhaes	et	al.	(2013)	and	Janssen	and	Zuiderwijk	(2014)	observed	that	the	creation	
of	 a	 group	 of	 “infomediaries”,	 that	 intermediate	 government	 data	 and	 people.	 Frequently,	 the	
initiatives	created	by	infomediaries	are	based	on	websites	and	applications	that	bear	value	to	people	
for	enabling	 the	better	provision	of	 services	or	 for	a	 specific	 reduction	of	 information	asymmetry.		
Figure	 31	 describes	 the	 enabling	 factors	 for	 reaching	 impact	 (values)	 on	 social	 and	 economic	
dimensions,	in	accordance	with	Jetzek	et	al.	(2014).	Apparently,	the	enabling	factors	can	be	divided	
into	two	dimensions:	political	and	organizational,	and,	technical	and	infrastructural.	These	dimensions	
enable	absorptive	capacity,	openness,	governance	and	technical	connectivity	to	reach	the	required	
impacts.	
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Figure	31	-	Open	Data	Value	generated	based	on	focus	and	stakeholder	

Source	from	Jetzek	et	al.	(2014)	
	

Table	7	-	Stages	of	Open	Government	Data	Lifecycle	
Adapted	from	Attard	et	al.	(2015)	

Stage	 Step	 Description	

	
Pre-Processing	

Data	Creation	 Start	of	the	cycle	with	the	creation	of	data	on	the	source.	

Data	Selection	 This	step	is	selecting	the	data	to	be	published	taking	in	consideration	the	legal	
and	technical	needs.	

Data	
Harmonisation	

Cleansing	data	to	be	in	accordance	to	international	standards	such	as	Eight	
Principles	of	OGD.	

Data	Publishing	 Step	that	OGD	is	opened	on	the	Open	Data	Portal.	

Exploiting	 Data	
Interlinking	

Following	the	final	stage	of	Five	Star	Scheme	for	LOD	all	the	data	sets	are	linked	
bringing	value.	

Data	Discovery	 Publishing	data	is	part	of	enabling	usage.	Another	step	considered	is	the	discovery	
of	data	sets	to	users	consume	them	and	creating	proper	connections	for	analysis.	

Data	
Exploration	

Step	that	highlight	the	most	trivial	way	of	consuming	data,	browsing	and	
examining	characteristics	of	data	sets	by	simple	visualisation	for	example	or	
summary	tables.	

Data	
Exploitation	

Advanced	way	of	consuming	data,	creating	complex	analysis	and	combining	other	
data	sets	bringing	innovation	upon	data	usage.	

Maintenance	 Data	Curation	 Only	step	on	the	maintenance	stage	and	is	considered	vital	to	give	sustainability	
to	the	data	published.	Update	and	metadata	enrichment	are	examples	of	
curation.	
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8.3 Infrastructure	functionalities	in	the	Linked	Open	Data	Lifecycle	
This	LOD	Lifecycle	presented	on	this	section	is	not	part	of	the	State-of-Art,	however,	it	was	decided	to	
be	written	due	the	possibility	of	earning	time	and	receiving	inputs	and	review	from	partners	to	the	
WP2	–	Framework	Creation	and	the	WP	4-	Pilots	Planning	Evaluation.	

8.3.1 Comparing	open	data	life	cycles	

In	general,	 there	are	many	LOD	 lifecycles	provided	by	prior	 research,	 for	 instance	 from	Auer	et	al.	
(2012),	 Hyland	 &	Wood	 (2011),	 or	 Villazón-Terrazas	 et	 al.	 (2011).	 These	 research	 becoming	 even	
longer	if	research	in	Open	Government	Data	lifecycle	(already	explained	in	section	8.2.5),	for	instance	
Attard	et	al.	(2015),	or	Charalabidis	et	al.	(2016)	are	included.	Most	of	the	approaches	have	similarities	
on	a	core	set	of	stages	and	mainly	focus	in	two	dimensions,	the	supply	of	data	and	demand	point	of	
view.	Some	of	prior	life-cycles	were	presented	are	presented	at	Table	8.	Several	steps	from	those	LOD	
life-cycles	were	grouped	based	on	 its	 similarities	 into	 four	 stages	of	 life-cycle:	Data	Creation,	Data	
Publishing,	Data	Usage	and	Data	Curation.	

Table	8	–Comparing	Linked	Open	Data	Lifecycle	approaches		
Hyland	 and	
Wood	
(2011)	

Villazón-
Terrazas	 et	 al.	
(2011)	

Attard	 et	 al.	
(2015)	

Charalabidis	 et	
al.	(2016)	

Heusenblas	
(2011)33	

Proposed	
Lifecycle	

Identify	 Specify	 Create	 Create	 Data	
awareness	

Data	Creation	

Model	 Model	 Select	 Pre-Process	 Modelling	

Name	 	 	 Store/Obtain	 	

Describe	 Generate	 Harmonise	 Publish	 Publishing	 Data	
Publishing	

Convert	 Publish	 Publish	 	 	

Publish	 	 	 	 	

	 Exploit	 Interlink	 Retrieve/Acquire	 Discover	 Data	Usage	

	 	 Discover	 Process	 Integrate	

	 	 Explore	 Use	 Use	

	 	 Exploit	 Collaborate	 	

Maintain	 	 Curate	 Curate	 	 Data	Curation	

	

8.3.2 An	integrated	open	data	life	cycle	

Figure	27	illustrates	the	life-cycle	of	LOD.	As	mentioned	previously,	there	are	four	stages	in	the	LOD	
life-cycle:	

																																																													
	
33 Acquired from https://www.w3.org/2011/gld/wiki/GLD_Life_cycle, accessed on 06/07/2016. 
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1. Data	Creation,	including	data	collection,	data	storage,	and	data	selection.	
2. Data	Publishing,	 including	pre-processes	 such	 as	harmonising,	 and	 cleansing	data,	metadata	

creation	and	opening-up	data.	
3. Data	Usage,	including	linking,	discovering,	retrieving,	exploring	and	exploiting	data.	
4. Data	Curation,	including	maintaining	data	and	data	governance.	

	
	

Figure	9	-	Stages	of	LOD	Lifecycle		
	

Table	10	–	LOD	lifecycles	Stages,	Steps	and	Descriptions	provides	a	summarised	description	of	steps	in	the	
proposed	lifecycle.	
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Table	10	–	LOD	lifecycles	Stages,	Steps	and	Descriptions	
Stage	 Step	 Description	

Data	Creation	 Start	of	the	cycle	with	the	creation	of	data	on	the	source.	

Data	Set	Collection	 In	this	step,	data	is	collected	from	various	sources.	Those	data	can	be	either	
structured	data	or	unstructured	data.	

Data	Storage	 Usually,	the	collection	of	data	from	previous	step	is	stored	in	databases.	
However,	there	is	also	possible	to	directly	processing	data	without	storing	data.	

Data	Set	Selection	 This	step	is	selecting	the	data	to	be	published	taking	in	consideration	the	legal	
and	technical	needs.	

Data	Publication	 Data	
Harmonisation	

In	this	step,	data	is	translated	in	accordance	to	international	standards	such	as	
Eight	Principles	of	OGD.	

Cleansing	Data	 Before	publishing	data,	data	provider	should	check	any	errors	on	data,	and	
inform	the	limitation	of	the	data	in	metadata.	

Metadata	Creation	 Metadata	creation	

Data	Publishing	 Data	can	be	published	in	two	ways:	via	API	or	Dump.	Step	that	OGD	is	opened	on	
the	Open	Data	Portal	via	API.	

Data	Usage	 Linking	Data	 Following	the	final	stage	of	Five	Star	Scheme	for	LOD	all	the	data	sets	are	linked	
bringing	value.	

Data	Discovery	 Publishing	data	is	part	of	enabling	usage.	Another	step	considered	is	the	
discovery	of	data	sets	to	users	consume	them	and	creating	proper	connections	
for	analysis.	

Data	Exploration	 Step	that	highlight	the	most	trivial	way	of	consuming	data,	browsing	and	
examining	characteristics	of	data	sets	by	simple	visualisation	for	example	or	
summary	tables.	

Data	Exploitation	 Advanced	way	of	consuming	data,	creating	complex	analysis	and	combining	
other	data	sets	bringing	innovation	upon	data	usage.	

Data	Curation	 Only	step	on	the	maintenance	stage	and	is	considered	vital	to	give	sustainability	to	the	data	
published.	Update	and	metadata	enrichment	are	examples	of	curation.	

	

8.3.3 LOD	Creation	

The	 first	 stage	 of	 the	 LOD	 lifecycle	 is	 data	 creation.	 In	 any	 organization,	 especially	 in	 government	
agencies,	creating	data	is	part	of	their	daily	business	process	(Attard,	Orlandi	et	al.	2015).	In	this	stage,	
raw	data	 from	many	 sources	need	 to	be	 collected,	 and	 stored,	 before	 it	 can	be	published	 via	 the	
Internet.	
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8.3.3.1 Data	Collection	

Data	 collection	 defined	 as	 a	 systematic	 way	 to	 gather	 information	 that	 can	 be	 used	 to	 explain	
phenomena,	 evaluate	 a	 process,	 decision	 making	 or	 problem	 solving	 (McLean,	 Mark	 et	 al.	 1998,	
Anokwa,	 Hartung	 et	 al.	 2009).	 Data	 provided	 by	 various	 sources,	 such	 as	 sensors,	 RFIDs,	 other	
information	 technologies	 and	 human,	 are	 gathered	 automatically	 by	 system	 or	 entered	manually	
(Charalabidis,	Alexopoulos	et	al.	2016)	into	several	formats.	

8.3.3.2 Data	Storage	

In	this	process,	the	data	loaded	to	secure	data	warehouse	or	databases.	The	way	data	being	stored	is	
also	crucial,	for	example,	in	what	kind	of	data	format	data	is	deposited	(that	should	be	align	for	whole	
life-cycle	process),	or	how	to	create	agile	processes	to	load	and	store	data	in	a	scalable	and	flexible	
architecture;	this	will	benefit	for	the	next	stage	in	the	life-cycle.	With	an	increase	in	the	volume	of	
data,	data	storage	might	be	challenging	because	the	amount	of	storage	needed	to	process	and	store	
will	also	increase	(Krishnan	2013).	

8.3.4 LOD	Publication		

This	stage	including	pre-processing	data	and	opening	up	data.	In	the	pre-processing	data,	data	already	
stored	 in	 repository	 should	 be	 selected,	 harmonized,	 and	 refined	 following	 legal	 and	 technical	
requirements;	these	pre-processes	steps	can	be	also	act	as	the	data	quality	assurance.		

8.3.4.1 Data	Selection	

Before	 being	 published,	 data	 should	 be	 going	 through	 selection	 process.	 In	 the	 case	 of	 LOD,	 this	
process	 includes	 removing	 any	 private	 data	 or	 personal	 data,	 as	 well	 as	 identifying	 under	 which	
conditions	will	this	data	be	published,	in	term	of	the	specification	of	LOD	policies	(Attard,	Orlandi	et	
al.	2015).	

8.3.4.2 Data	Harmonisation	

The	purpose	of	this	process	is	to	compare	similar	conceptual	and	logical	data	models	to	create	the	
common	data	elements,	filter	similar	and	different	data	elements	to	produce	a	unified	data	model	
that	can	be	used	consistently	in	the	next	stages	of	data-cycle	(Thanos	2013).	In	term	of	LOD,	data	need	
to	conform	with	publishing	standards,	such	as	the	Eight	Open	Government	Data	Principles	(Attard,	
Orlandi	et	al.	2015).		

8.3.4.3 Data	Cleansing	

When	related	data	is	provided	by	several	sources,	it	is	highly	likely	suffered	with	inconsistency	or	error,	
for	example	misspellings,	be	missing	in	recent	changes,	or	be	in	a	wrong	order.	For	these	kind	or	errors,	
data	need	to	be	refined.	An	example	of	data	cleansing	 is	entity	resolution,	or	deduplication,	which	
identifies	 and	 merges	 information	 from	 multiple	 sources	 that	 actually	 refer	 to	 the	 same	 entity	
(Bernstein	and	Haas	2008).	
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8.3.4.4 The	role	of	Metadata	in	Linked	Open	Data	Infrastructures	

Public	and	private	organisations	increasingly	opening	their	data	to	gain	benefits	such	as	transparency,	
public	accountability	or	economic	growth.	The	use	of	this	activity	can	be	supported	and	stimulated	by	
providing	considerable	metadata,	including	discovery,	contextual	and	detailed	metadata	(Zuiderwijk,	
Jeffery	et	al.	2012).	Metadata	are	simply	defined	as	"data	about	data"	 (Dempsey	and	Heery	1998,	
Sheth	1999,	NISO	2004,	Vardaki,	Papageorgiou	et	al.	2009).	“Metadata	is	structured	information	that	
describes,	explains,	locates,	or	otherwise	makes	it	easier	to	retrieve,	use,	or	manage	an	information	
resource”	 (NISO	 2004).	 Metadata	 should	 also	 describe	 the	 relationship	 between	 resources,	 and	
characterise	attributes	of	people,	services,	software	components	and	data	(Dempsey	and	Heery	1998).	
For	example,	metadata	can	be	information	about	the	sampling	subjects	of	a	conducted	survey,	the	
method	used	for	this	survey,	and	the	population	studied	(Vardaki,	Papageorgiou	et	al.	2009).	

Ideally,	there	are	three	different	types	of	metadata	should	be	provided	for	LOSD	(Zuiderwijk,	Jeffery	
et	al.	2012)	as	shown	at	Figure	32.	

	

Figure	32	-	Metadata	system	design	
Source	from	(Zuiderwijk,	Jeffery	et	al.	2012)	

	
1) Discovery	(flat)	metadata.	These	metadata	are	useful	for	discovery	functionality	of	datasets	by	

browsing	and	querying,	for	example,	identifier,	title,	creator,	publisher,	country,	source,	format,	
language,	 keywords,	 validity	 date	 (from	 –	 to),	 audience,	 legal	 framework,	 status,	 relevant	
resources	and	linked	data	sets.	

2) Contextual	metadata.	These	metadata	contain	 information	about	 the	context	of	datasets,	 in	
which	datasets	has	been	created	and	in	which	it	can	be	reused.	Examples	of	these	metadata	
include	data	about	organizations,	persons,	projects,	funding,	facilities,	equipment,	services	and	
pointers	to	detailed	metadata.	

3) Detailed	metadata.	These	metadata	are	additional	information	about	discovery	and	contextual	
metadata,	 for	 example,	 quality	 and	domain	or	dataset-specific	 parameters	 that	 are	used	by	
software	processing	the	dataset.	
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(Zuiderwijk,	Jeffery	et	al.	2012)	present	several	benefits	of	metadata	for	LOSD	as	shown	in	the	table	
X.	 For	 this	 table,	 they	 categorized	 the	 benefits	 of	 metadata	 into	 5	 aspects:	 accessibility	 of	 data,	
discovery	of	data,	interpretation	of	data,	linking	data	and	other	purposes.	

	
Table	11	-	Benefits	of	Metadata	creation	for	LOD	
Adapted	from	(Zuiderwijk,	Jeffery	et	al.	2012)	

Functionality	 Benefits	 Sources	

Accessibility	of	
data	

Metadata	improve	storing	and	preservation	of	LOD	 (NISO	2004,	King,	Liakata	et	al.	
2011,	Tenopir,	Allard	et	al.	2011)		

Metadata	improve	the	accessibility	of	LOD	by	describing,	locating	and	
retrieving	the	data	efficiently	

(Bertot,	Jaeger	et	al.	2009,	
Tenopir,	Allard	et	al.	2011,	
Pallickara,	Pallickara	et	al.	2012)	

Discovery	of	
data	

Metadata	improve	the	ability	to	find	LOD	and	the	chance	to	be	found.	 (Schuurman,	Deshpande	et	al.	
2008,	Borgman	2010)	

Metadata	make	potential	users	aware	of	the	existence	of	certain	datasets.	 (Schuurman,	Deshpande	et	al.	
2008)	

Interpretation	
of	data	

Metadata	make	sense	of	LOD	by	creating	order	within	datasets	 (NISO	2004,	Berners-Lee	2009)	

Metadata	improve	easily	analysing,	finding	patterns,	comparing,	
reproducing	and	finding	inconsistencies	in	LOD.	

(King,	Liakata	et	al.	2011)	

Metadata	improve	chances	of	a	correct	interpretation	of	LOD	 (Jeffery	2000;	Foulonneau	and	
Cole	2005)	

Metadata	may	make	it	possible	to	assess	and	rank	the	quality	and	reliability	
of	LOD.	

(Honle	et	al.	2005;	Dawes	2010)	

Metadata	allow	bringing	similar	resources	together	and	distinguishing	
dissimilar	resources.	

(NISO	2004)	

Metadata	provide	a	link	between	the	creator	of	the	data	and	the	person	
who	reuses	these	data.	

(Burt	and	Taylor	2003)	

Metadata	may	improve	visualizing	LOD.	Metadata	can,	for	instance,	improve	
accuracy	of	mapping.	

(Park,	Kim	et	al.	2011)	

Metadata	enable	detecting	changes	of	LOD	and	therefore	they	can	help	in	
version	management.	

(Sen	2004,	Liu	and	Li	2011)	

Metadata	allow	a	dataset	to	be	understood	by	both	humans	and	machines	
in	ways	that	promote	interoperability.	

(NISO	2004)	

Metadata	allow	giving	location	information.	 (NISO	2004)	

Metadata	may	stimulate	collaboration	by	assisting	in	multilinguality	and	
multimedia	representations.	

(Hüner,	Otto	et	al.	2011);	(Jeffery	
2000)	

Linking	Data	 Metadata	make	linking	data	easier.	 (Rahm	and	Do	2000)	

Metadata	facilitate	legacy	resource	integration.	 (NISO	2004)	

Metadata	are	essential	for	integrating	and	linking	data	from	heterogeneous	
sources.	

(Jeffery	2000)	

Other	purposes	 Metadata	avoid	unnecessary	duplication	of	LOD.	 (King,	Liakata	et	al.	2011)	
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Metadata	can	increase	the	visibility	of	researchers	and	hereby	stimulate	
collaboration	among	researchers	from	various	organizations.	

(Nonthakarn	and	Wuwongse	
2012)	

Metadata	can	help	to	create	and	maintain	a	common	understanding	of	
business	objects	and	business	processes.	

(Vardaki,	Papageorgiou	et	al.	
2009,	Hüner,	Otto	et	al.	2011)	

	
However,	despite	the	many	potential	benefits	of	metadata,	providing	metadata	for	open	data	is	often	
complicated	(Martin	2014).	While	the	literature	posits	that	it	is	essential	for	the	correct	interpretation	
and	use	of	open	data	to	offer	sufficient	metadata	at	the	same	time	(Jeffery	2000;	Braunschweig	et	al.	
2012),	open	government	initiatives	in	general	have	been	criticised	for	providing	insufficient	metadata	
(Jurisch	 et	 al.	 2015).	 The	 provision	 of	 inadequate	metadata	was	 also	 found	 for	 OGD	 initiatives	 in	
particular	(Dawes	&	Helbig	2010;	Dawes	2010).	These	situations	may	lead	to	ambiguous	semantics	of	
the	data	(Conradie	&	Choenni	2012)	and	unawareness	of	datasets	by	users	(Schuurman	et	al.	2008).	
Table	Y	below	shows	the	disadvantage	of	metadata	 found	from	 literature	provided	by	 (Zuiderwijk,	
Jeffery	et	al.	2012).	
	

Table	12	-	Disadvantages	of	Metadata	for	LOD	
Adapted	from	(Zuiderwijk,	Jeffery	et	al.	2012)	

		 Disadvantages	 Sources	

Costs	of	metadata	 Metadata	may	be	sensitive	and	may	be	spread	with	the	data	
unwillingly.	

(Castiglione	et	al.	2007)	

Adding	metadata	is	very	time-consuming,	as	metadata	
operations	consume	over	60	per	cent	of	the	operations	in	
typical	workloads.	

(Xiong	et	al.	2011)	

Requires	high	investments	and	is	costly.	 (Duval	et	al.	2002;	Vardaki	et	al.	
2009)	

Interpretation	of	
data	

The	provision	of	considerable	metadata	makes	it	difficult	to	
create	consistency	between	metadata.	

(Duval	et	al.	2002)	

When	metadata	contain	assumptions	for	the	use	of	open	
data,	they	could	point	at	certain	choices	and	interpretations.	
This	may	unconsciously	exclude	certain	ways	of	reusing	data.	

(Zuiderwijk	et	al.	2012)	

	
According	to	the	Guidelines	for	Statistical	metadata	on	the	Internet34,	metadata	should	assist	the	user	
in	 particularly	 3	 functionalities:	 searching	 for	 statistical	 data,	 interpreting	 its	 content	 and	 post-
processing	 statistical	 applications.	These	 functionalities	are	essential	 in	addressing	 some	particular	
features	of	statistical	data,	specifically	in	term	of	the	broad	variety	of	users	and	the	quality	of	statistical	
data.	

For	 the	 searching	 functionality,	 basically	 there	 is	 no	 specific	 distinction	 between	 metadata	 for	
statistical	 data	 and	 other	 data.	 However,	 based	 on	 the	Guidelines	 for	 Statistical	metadata	 on	 the	

																																																													
	
34	 "Guidelines	 for	 Statistical	 Metadata	 on	 the	 Internet	 -	 unece."	 2002.	 7	 Jun.	 2016	
<http://www.unece.org/stats/publications/metadata.pdf>	
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Internet35	 there	 are	 several	 additional	 information	 needed	 in	 statistical	 metadata	 to	 search	 and	
discovery	of	data:	

• Descriptions	of	statistical	subject	areas;	
• Description	of	the	statistical	institution	(legal	framework,	organisational	structure,	etc.);	
• Description	of	the	statistical	system	(role	of	different	partners,	etc.);	
• Reference	publications,	product	overview,	general	publications;	
• Contact	persons	or	e-mail	addresses	for	more	information;	
• Release	(and	update)	date(s);	
• Links	to	other	statistical	sites;	

	

Users	of	statistical	data	mainly	require	data	related	to	a	specific	problem	or	general	interest.	They	may	
also	have	different	ability	and	understanding	regarding	statistics.	Based	on	this,	there	are	12	minimum	
set	of	metadata	required	for	the	correct	interpretation	of	statistics	(ibid):	

• Title/content	 description;	 often	 including	 statistical	 population,	 geographical	 coverage,	
observation	unit	and	classification	and	standards	applied.	

• Labels	for	rows/columns	in	tables	and	elements	of	graph.	
• Definitions	of	labels.	
• Measurement	unit.	
• Time	reference/period	of	data	retrieval.	
• Regional	units.	
• Comparability	over	time	(break	in	series,	missing	data).	
• Footnotes	highlighting	specific	precautions.	
• Source	of	the	data.	
• Explanation	of	standard	symbols	in	tables.	
• Any	information	on	copyright	or	restriction	of	usage.	
• Contact	points	for	additional	information.	

	

In	addition,	there	are	5	recommended	metadata	for	better	interpretation:	

1) Comparability	with	alternative	sources.	
2) Links	to	summary	of	findings.	
3) Description	of	methods	used	in	collection,	revision,	calculation	and	estimation	of	the	statistics.	
4) Information	on	error	sources	and	accuracy	of	the	statistics.	
5) Description	of	background	and	purpose	of	 the	statistics,	 concepts,	variables	and	standards	

used.	
	

																																																													
	
35	 "Guidelines	 for	 Statistical	 Metadata	 on	 the	 Internet	 -	 unece."	 2002.	 7	 Jun.	 2016	
<http://www.unece.org/stats/publications/metadata.pdf>	
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For	 the	 post-processing	 purpose,	 the	 minimum	 set	 of	 metadata	 should	 either	 be	 attached	 to	
downloadable	data	or	easy	to	access	and	download	in	separate	file.	The	metadata	should	also	allow	
further	processing	using	suitable	tools.	When	putting	statistical	data	on	the	Internet,	providers	should	
be	aware	of	the	possibilities	and	limitations	of	the	different	formats	with	regard	to	downloading	of	
statistical	data	(ibid).	

8.3.4.5 Data	Publishing	

This	stage	is	the	actual	act	of	opening	up	the	data.	There	are	two	ways	to	opening-up	data:	First,	dump	
the	data	to	organization	websites,	3rd	party	sites	or	via	FTP	servers;	however,	by	using	this	approach,	
it	might	be	very	difficult	for	an	outsider	to	discover	where	to	find	updated	information.	Second,	via	
API,	which	allows	users	to	select	specific	portions	of	the	data,	rather	than	providing	all	of	the	data	in	
bulk	as	a	large	file.	APIs	are	typically	connected	to	a	database	which	is	being	updated	in	real-time.	This	
means	that	making	information	available	via	an	API	can	ensure	that	it	is	up	to	date36.	

8.3.5 LOD	Usage	

According	to	(Davies	2010),	there	are	5	types	of	data	use	in	LOD:	
1) data	to	fact,	includes	extracting	particular	facts	from	datasets;	
2) data	 to	 information,	 includes	generating	a	 representation	of	a	dataset,	 interpreting	 it,	and	

reporting	on	the	interpretation;	
3) data	to	data,	includes	extending	an	original	dataset	by	combining	it	with	other	data,	changing	

its	format	or	manipulating	it	otherwise,	and	subsequently	sharing	the	extended	dataset;	
4) data	to	interface,	includes	providing	an	interface	to	interactively	access	and	explore	data;	
5) data	to	service,	includes	integrating	datasets	to	produce	new	products	or	services.	

8.3.5.1 Linking	Data	

Interlinking	defined	as	“the	degree	to	which	entities	that	represent	the	same	concept	are	linked	to	
each	other”	(Zaveri	et	al.	2013).	Data	Interlinking	is	the	highest	level	in	the	Five	Star	Scheme	for	LOD.	
This	process	allows	published	data	to	create	additional	values	by	giving	context	to	its	interpretation.	
Linking	data	is	a	derivative	from	the	semantic	web.	The	basic	idea	of	semantic	web	is	to	convert	or	
map	the	data	on	at	least	three	different	levels:	used	syntax,	schemas	and	vocabularies	used	to	deliver	
meaningful	information	(Bauer	and	Kaltenböck	2011).	Detail	information	about	this	process	already	
presented	in	chapter	8.3.	
	

8.3.5.2 Data	Discovery	

In	order	to	gain	benefits	from	LOD,	users	must	discover	the	existence	of	open	data.	According	to	
(Zuiderwijk	2015),	there	are	four	influencing	factors	of	data	discovery	in	LOD:		
1. Data	fragmentation	Data;	deal	with	difficulties	to	locate	the	datasets	that	they	want	to	use,	since	

the	data	are	offered	at	many	different	places.	
2. Terminology	 heterogeneity;	 deal	 with	 heterogeneous	 terminologies	 or	 keywords	 are	 used	 to	

describe	datasets.	Because	of	this	problem,	users	often	do	not	know	which	terms	they	should	use	
to	search	for	the	data	that	they	need.	

																																																													
	
36	http://opendatahandbook.org/guide/en/how-to-open-up-data/		
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3. Search	 support;	 deal	 with	 issues	 regarding	 search	 functionalities,	 lack	 of	 more	 advanced	
multilingual,	or	data	query	functionalities.	

4. Information	overload;	deal	with	amounts	of	OGD	can	at	a	certain	point	become	overwhelming	
which	complicates	finding	the	OGD	that	a	user	needs.	

	
Further,	(Krishnan	2013)	defined	several	steps	in	the	process	of	data	discovery	for	analytics:		

• Data	acquisition,	includes	gathering	the	files	and	preparing	the	data	for	import	using	a	tool.	
• Data	tagging,	includes	creating	an	identifying	link	on	the	data	for	metadata	integration.		
• Data	classification,	includes	creating	subsets	of	value	pairs	for	data	processing	and	integration.	
• Data	modelling,	includes	creating	a	model	for	data	visualization	or	analytics.	The	output	from	

this	step	can	be	combined	into	an	extraction	exercise.	
	

8.3.5.3 Data	Exploration	

This	 step	 is	 the	basic	way	 in	using	data.	There	are	 (Zuiderwijk	2015)	 summarised	 several	activities	
included	in	this	step	that	are	data	manipulation	and	contextualisation,	online	view,	statistical	analysis,	
data	download,	and	data	visualisation.	
Those	activities	can	be	done	by	tools	provided	by	LOD	infrastructure,	or	users	may	need	to	download	
all	needed	data	and	explore	it	using	their	own	tools.	For	example,	data	can	be	visualised	using	mashup	
tools	 and	 software	 such	 as	 Datameer,	 Karmasphere,	 Tableau,	 and	 Spotfire.	 These	 mashup	 tools	
provide	the	capability	for	the	user	to	integrate	multiple	data	into	one	picture,	by	linking	common	data	
between	the	different	data	sets.	The	use	of	statistical	software	like	R,	SAS,	and	KXEN,	may	also	useful	
for	visualising	the	data	(Krishnan	2013).	
	

8.3.5.4 Data	Exploitation	

This	is	a	more	advanced	way	of	using	data,	including	several	activities	such	as	data	integration,	data	
cleansing,	 data	 enrichment,	 and	 data	 transformation.	 Exploitation	 enables	 users	 to	 use,	 reuse	 or	
distribute	the	open	data	by	leading	out	analysis,	creating	mashups,	or	innovating	upon	the	open	data	
in	more	active	manner	(Attard	et	al.	2015).	

8.3.6 Data	Curation	

Data	curation	defined	as	“the	act	of	discovering	a	data	source(s)	of	interest,	cleaning	and	transforming	
the	new	data,	semantically	integrating	it	with	other	local	data	sources,	and	de-duplicating	the	resulting	
composite”	(Stonebraker	et	al.	2013).	From	this	definition,	data	curation	presents	in	all	stages	in	LOD	
life-cycle	as	an	act	to	manage	and	govern	data	in	proper	and	systematic	way.	
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9 Conclusion	
This	document	is	the	first	deliverable,	entitled	D1.1	“OpenGovIntelligence	Challenges	&	Needs”,	of	the	
first	 work	 package	 of	 the	 OpenGovIntelligence	 project.	 The	 objective	 of	 the	 OpenGovIntelligence	
project	 is	 to	 provide	 a	 holistic	 approach	 for	 the	 modernisation	 of	 Public	 Administration	 (PA)	 by	
exploiting	 Linked	 Open	 Statistical	 Data	 (LOSD)	 technologies	 thus	 stimulate	 sustainable	 economic	
growth	in	Europe	through	fostering	innovation	in	societies	and	enterprises.	

Work	package	one	(WP1)	is	responsible	for	eliciting	the	challenges	and	needs	regarding	political,	legal,	
institutional,	social	and	technical	issues	in	opening-up	and	exploiting	LOSD	for	the	co-production	of	
innovative	data-driven	public	services.	WP1	comprises	four	tasks	with	the	following	objectives:	Task	
1.1	aims	to	review	existing	government	and	other	data	infrastructures,	Task	1.2	aims	to	elicit	needs	
and	expectations	for	service	co-production,	Task	1.3	aims	to	identify	LOSD	challenges	and	needs,	and	
Task	1.4	aims	to	understand	how	PA	can	be	transformed	to	innovation	based	on	better	use	of	data.	

The	methodology	that	was	followed	in	this	deliverable	comprises	the	following	actions:	

• Identifying	 PA’s	 challenges	 and	 needs	 related	 to	 open	 data-driven	 innovation	 and	 public	
service	co-creation.	Towards	 this	end,	a	 thorough	 literature	 review	was	performed	and	an	
online	survey	aiming	at	both	public	and	private	sector	was	organised.	

• Identifying	 technical	 challenges	 and	 needs	 of	 LOSD.	 Towards	 this	 end,	 the	 LOSD	 scientific	
literature	was	studied	and	11	LOSD	top	experts	from	around	the	globe	were	involved.		

• Identifying	users’	challenges	and	needs	regarding	the	exploitation	of	Open	Statistical	Data	that	
are	provided	by	Open	Data	Portals.	Towards	this	end,	we	first	play	the	role	of	a	user	and	we	
studied	 the	 UK	 Open	 Data	 Portal	 in	 order	 to	 discover	 statistical	 data	 about	 a	 specific	
phenomenon.	 Moreover,	 we	 elicited	 the	 opinion	 of	 developers	 who	 have	 used	 Open	
Statistical	Data	to	create	data-driven	applications.	

• Identifying	 the	 needs	 of	 the	 OpenGovIntelligence	 pilot	 partners	 regarding	 data-driven	
innovation.	Towards	this	end,	a	number	usage	scenarios	were	specified	in	order	the	pilots	to	
describe	the	challenges	they	want	to	address,	the	available	datasets,	and	the	final	data-driven	
public	service	they	want	to	co-produce.		

• Identifying	the	State-of-the-art	of	data	infrastructures.			

These	actions	resulted	in	a	set	of	outcomes	that	will	feed	future	work	in	the	project.	More	specifically,	
the	results	of	this	deliverable	include:	

• PA’s	 challenges	 and	 needs	 regarding	 data-driven	 innovation	 (Section	 4).	 This	 includes	
challenges	such	as	lack	of	political	and	administrative	priority	and	leadership,	incompatibility	
of	 existing	 administrative	 and	 organisational	 cultures	 with	 the	 idea	 of	 co-creation	 and	
resistance	of	public	administrators	to	fundamental	changes.	

• Technical	challenges	and	needs	of	LOSD	that	are	presented	in	the	following	way	(Section	5):	
o A	mapping	and	analysis	of	the	LOSD	state-of-the-art.	This	includes	a	documentation	

of	existing	software	tools,	vocabularies,	architectures,	and	use	cases	that	can	be	re-
used	and	re-purposed	in	the	frame	of	the	project.	

o A	set	of	LOSD	publishing	practices	that	cause	LOSD	interoperability	challenges.	These	
technical	challenges	are	accompanied	by	a	list	of	advantages	and	disadvantages	per	
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practice	 based	 on	 top	 experts’	 opinions.	 These	 results	 can	 feed	 project’s	
standardisation	activities	 in	WP5,	 so	 that	 the	community	 to	agree	on	a	 list	of	best	
practices	for	LOSD	publishing.			

• Users’	challenges	regarding	the	exploitation	of	statistical	data	as	they	are	provided	through	
major	Open	Data	Portals	(Section	6).	These	challenges	are	presented	in	the	form	of:	

o An	 empirical	 description	 of	 the	 “Open	 Statistical	 Data	 Fragmentation”	 challenge	
based	 on	 the	 analysis	 of	 data.gov.uk.	 In	 summary,	 our	 research	 revealed	 that	
searching	 this	 portal	 for	 useful	 data	 on	 unemployment	 produces	 122	 results	 that	
provide	access	 to	56	 files	 and	610	 links	 to	18	other	portals	 (such	as	 the	Office	 for	
National	Statistics	and	the	National	Archives)	and	by	following	the	relevant	 links	to	
more	than	2,000	other	files.	

o Analysis	of	the	responses	of	24	developers	that	have	exploited	Open	Statistical	Data	
in	order	to	produce	data-driven	applications.	Some	of	the	challenges	that	they	have	
faced	include	interoperability	among	datasets,	the	lack	of	metadata,	and	the	quality	
of	metadata.		

• Usage	scenarios	that	reflect	pilot’s	needs	regarding	data-driven	innovation	in	PA	(Section	7).	
These	scenarios	will	feed	into	WP4	in	order	the	evaluation	scenarios	to	be	developed.	

• The	state-of-the-art	regarding	open	data	infrastructures	(Section	8).	This	comprises	a	maturity	
model	for	LOSD	and	a	lifecycle	for	data	infrastructures.	
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Appendix	Α:	Questionnaire	for	PA’s	challenges	
Questionnaire	for	Public	Administration	Representatives	

General	information	

The	 information	 you	 provide	 in	 this	 section	 will	 only	 be	 used	 as	 background	 information	 for	 the	
research	team	at	Tallinn	University	of	Technology	and	will	not	be	published	nor	made	available	to	any	
other	parties.	
	
Country:	
☐	Belgium	 	
☐	Estonia	
☐	Lithuania	
☐	Greece	
☐	Ireland	
☐	UK	
Name	of	your	organisation:		____________________	
Level	of	government:	
☐	Central/federal		
☐	Regional	
☐	Local/municipal	
Your	position/function	in	the	organisation:	____________________	
E-mail:	____________________	
Phone	number	(optional):	____________________	
	
II	 Survey	questions	

1. In	what	ways	and	for	what	purposes	(if	at	all)	has	your	organisation	used	open	data	in	its	work?	
By	open	data	we	refer	 to	data	 that	 is	presented	 in	a	machine-readable	 format	and	can	be	
freely	used,	re-used	and	redistributed	by	anyone.	Open	data	can	come	from	different	sources	
and	comprise	different	kinds	of	data	(financial,	statistical,	scientific,	cultural,	etc.)	

2. To	your	knowledge,	has	your	organisation	initiated	or	participated	in	the	co-creation	of	public	
services	using	open	data?	By	co-creation	we	mean	the	direct	involvement	of	individual	users,	
groups	of	citizens	and	other	stakeholders	in	the	planning	and	delivery	of	public	services.	

☐	Yes	(please	go	to	Question	3.a)	

☐	No		(please	go	to	Question	3.b)	

3. (a)	What	are	the	main	reasons	why	your	organisation	decided	to	initiate	or	participate	in	the	
co-creation	of	public	services	using	open	data?	(Please	skip	this	question	and	go	to	Question	
3.(b)	if	you	answered	„No“	to	Question	2)	
(b)	What	are	the	main	reasons	why	your	organisation	has	not	initiated	or	participated	in	the	
co-creation	of	public	services	using	open	data?	(Please	skip	this	question	and	go	to	Question	
3.(a)	if	you	answered	„Yes“	to	Question	2)	
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4. In	your	view,	what	are	the	main	barriers	that	hinder	the	use	of	open	data	for	the	co-creation	
of	public	services?	Name	up	to	3	barriers	that	you	consider	the	most	important.	

5. In	your	view,	what	are	the	main	drivers	that	enable	and	stimulate	the	use	of	open	data	for	the	
co-creation	of	public	services?	Name	up	to	3	drivers	that	you	consider	the	most	important.	

6. In	your	view,	what	are	the	main	needs	(missing	capacities)	 in	your	organisation	that	would	
help	you	open	up	data	and	build	innovative	services	based	on	open	data?	

7. How	would	you	assess	the	current	level	of	involvement	of	citizens	and	businesses	(and	their	
representative	 organisations)	 in	 open	 data-driven	 co-creation	 of	 public	 services	 in	 your	
country?	

8. In	your	opinion,	in	what	ways	could	the	public	administration	use	open	data	to	come	up	with	
better	decisions?	

9. Do	you	know	of	any	successful	policies	or	initiatives	(in	your	country	or	elsewhere)	that	have	
been	used	to	promote	open	data-driven	innovation	in	public	services	and	decision-making?	
Please	give	a	brief	description.	What	do	you	think	were	the	reasons	why	these	measures	were	
successful?	

10. Do	you	know	of	any	unsuccessful	policies	or	initiatives	that	have	been	tried	out	to	promote	
open	 data-driven	 innovation	 in	 public	 services	 and	 decision-making?	 Please	 give	 a	 brief	
description.	What	do	you	think	were	the	reasons	these	initiatives	failed?	

11. In	your	opinion,	what	policy	instruments	or	initiatives	are	currently	missing	(in	your	country	
or	 at	 the	 EU	 level)	 that	 would	 help	 advance	 the	 use	 of	 open	 data	 for	 the	 co-creation	 of	
innovative	services?	

Questionnaire	for	Non-Governmental	Stakeholders	

General	information	

The	 information	 you	 provide	 in	 this	 section	 will	 only	 be	 used	 as	 background	 information	 for	 the	
research	team	at	Tallinn	University	of	Technology	and	will	not	be	published	nor	made	available	to	any	
other	parties.	

Country:	
☐		Belgium	
☐		Estonia	
☐		Lithuania	
☐		Greece	
☐		Ireland	 	
☐		UK	 	
Name	of	your	organisation:		____________________	
Type	of	organisation:	
☐		University/research	institution	 	
☐		Private	company	
☐		Non-governmental/civil	society	organisation	
☐		Other	(please	specify):	___________________	
Your	position/function	in	the	organisation:	____________________	
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E-mail:	____________________	
Phone	number	(optional):	____________________	
	
II	 Survey	questions	

1. In	what	ways	and	for	what	purposes	(if	at	all)	has	your	organisation	used	open	data	in	its	work?	
By	open	data	we	refer	 to	data	 that	 is	presented	 in	a	machine-readable	 format	and	can	be	
freely	used,	re-used	and	redistributed	by	anyone.	Open	data	can	come	from	different	sources	
and	comprise	different	kinds	of	data	(financial,	statistical,	scientific,	cultural,	etc.)	

2. To	your	knowledge,	has	your	organisation	initiated	or	participated	in	the	co-creation	of	public	
services	using	open	data?	By	co-creation	we	mean	the	direct	involvement	of	individual	users,	
groups	of	citizens	and	other	stakeholders	in	the	planning	and	delivery	of	public	services.	

☐	Yes	(please	go	to	Question	3.a)	

☐	No	(please	go	to	Question	3.b)	

3. (a)	What	are	the	main	reasons	why	your	organisation	decided	to	initiate	or	participate	in	the	
co-creation	of	public	services	using	open	data?	(Please	skip	this	question	and	go	to	Question	
3.(b)	if	you	answered	„No“	to	Question	2)	
(b)	What	are	the	main	reasons	why	your	organisation	has	not	initiated	or	participated	in	the	
co-creation	of	public	services	using	open	data?	(Please	skip	this	question	and	go	to	Question	
3.(a)	if	you	answered	„Yes“	to	Question	2)	

4. In	your	view,	what	are	the	main	barriers	that	hinder	the	use	of	open	data	for	the	co-creation	
of	public	services?	Name	up	to	3	barriers	that	you	consider	the	most	important.	

5. In	your	view,	what	are	the	main	drivers	that	enable	and	stimulate	the	use	of	open	data	for	the	
co-creation	of	public	services?	Name	up	to	3	drivers	that	you	consider	the	most	important.	

6. In	your	view,	what	are	the	main	needs	(missing	capacities)	 in	your	organisation	that	would	
help	you	open	up	data	and	build	innovative	services	based	on	open	data?	

7. How	would	you	assess	the	current	level	of	involvement	of	citizens	and	businesses	(and	their	
representative	 organisations)	 in	 open	 data-driven	 co-creation	 of	 public	 services	 in	 your	
country?	

8. In	your	opinion,	in	what	ways	could	the	public	administration	use	open	data	to	come	up	with	
better	decisions?	

9. Do	you	know	of	any	successful	policies	or	initiatives	(in	your	country	or	elsewhere)	that	have	
been	used	to	promote	open	data-driven	innovation	in	public	services	and	decision-making?	
Please	give	a	brief	description.	What	do	you	think	were	the	reasons	why	these	measures	were	
successful?	

10. Do	you	know	of	any	unsuccessful	policies	or	initiatives	that	have	been	tried	out	to	promote	
open	 data-driven	 innovation	 in	 public	 services	 and	 decision-making?	 Please	 give	 a	 brief	
description.	What	do	you	think	were	the	reasons	these	initiatives	failed?	

11. In	your	opinion,	what	policy	instruments	or	initiatives	are	currently	missing	(in	your	country	
or	 at	 the	 EU	 level)	 that	 would	 help	 advance	 the	 use	 of	 open	 data	 for	 the	 co-creation	 of	
innovative	services?	
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Appendix	B:	Questionnaire	for	LOSD	technical	challenges	
The	questionnaire	used	for	identifying	needs	of	experts	regarding	Linked	Open	Statistical	Data.	

Q1:	 Α	 cube	 contains	 a	 set	 of	measures	 that	 represent	 the	 phenomena	 being	 observed.	 In	 your	
opinion	what	is	the	best	approach	to	define	a	measure?	
1. Re-use	sdmx-measure:obsValue	e.g.:	

eg:obs1	a	qb:Observation;	
								sdmx-measure:obsValue	"0.17"^^xsd:double.	

2. Define	a	new	measure	based	on	types	of	units	(e.g.	count,	ratio).	This	measure	is	also	defined	as	
subproperty	of	sdmx-measure:obsValue.	Use	the	sdmx-attribute:unitMeasure	to	specify	the	
type	of	measure	e.g.:	

eg:ratio	a	qb:MeasureProperty;	
									rdfs:subPropertyOf	sdmx-measure:obsValue.	
eg:obs1	a	qb:Observation;	
								eg:ratio	"0.17"^^xsd:double;	
								sdmx-attribute:unitMeasure	eg:unemployment.	

3. Define	a	new	measure.	This	measure	is	also	defined	as	subproperty	of	sdmx-
measure:obsValue	e.g.:	

eg:unemployment	a	qb:MeasureProperty;	
									rdfs:subPropertyOf	sdmx-measure:obsValue.	
eg:obs1	a	qb:Observation;	
								eg:unemployment	"0.17"^^xsd:double.	

4. Other	(please	describe)	
	

Q2:	If	you	have	data	with	more	than	one	measure,	which	approach	would	you	consider	the	best?	

1. Create	several	data	cubes	with	one	measure	each	
2. Create	one	data	cube	with	multiple	measure	
	
Q3:	In	case	of	multiple	measures	per	cube	which	is	the	best	approach	to	define	them?	

1. Multi-measure	observations	(proposed	by	QB	vocabulary).	Define	
multiple	qb:MeasureProperty	at	the	data	structure	definition	and	use	all	measures	to	every	
observation	e.g.:	

eg:unemployment	a	qb:MeasureProperty.	
eg:poverty	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
									eg:unemployment	"0.17"^^xsd:double;	
									eg:poverty						"0.25"^^xsd:double.	
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2. Measure	dimension	(proposed	by	QB	vocabulary):	Define	multiple	qb:MeasureProperty	at	the	
data	structure	definition	and	use	an	extra	dimension,	the	qb:measureType,	to	denote	which	
particularqb:MeasureProperty	is	being	conveyed	by	the	observation	e.g.:	

eg:unemployment	a	qb:MeasureProperty.	
eg:poverty	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
								eg:unemployment	"0.17"^^xsd:double;	
								qb:measureType	eg:unemployment.	
eg:obs2	a	qb:Observation;	
								eg:poverty	"0.25"^^xsd:double;	
								qb:measureType	eg:poverty.	

3. Indicator	dimension.	Use	sdmx-measure:obsValue	along	with	a	qb:DimensionProperty	that	
indicates	the	measure	being	conveyed	by	the	observation	e.g.:	

eg:indicator	a	qb:DimensionProperty.	
eg:obs1	a	qb:Observation;	
								sdmx-measure:obsValue	"0.17"^^xsd:double;	
								eg:indicator	eg:unemployment.	
eg:obs2	a	qb:Observation;	
								sdmx-measure:obsValue	"0.25"^^xsd:double;	
								eg:indicator	eg:poverty.	

	

Q4:	 An	 official	 portal	 defines	 a	 dimension	 that	 contains	 non-associated	 values	 (i.e.	 eg:female,	

eg:age18-25	 eg:large-enterprises).	 In	 this	 case	multiple	 dimensions	 are	 embraced	 together.	 Are	
there	any	advantages	in	this	practice?	

	

Q5:	Τhe	time	dimension	is	very	common	among	the	published	cubes.	In	your	opinion	which	is	the	
best	practice	to	define	the	time	dimension?	
1. Re-use	sdmx-dimension:refPeriod	e.g.:	

eg:obs1	a	qb:Observation;	
									sdmx-dimension:refPeriod		eg:2016;	
									eg:unemployment	"0.17"^^xsd:double.	

2. Define	a	new	dimension	property.	This	property	is	also	a	subproperty	of	the	sdmx-
dimension:refPeriode.g.:	

eg:time	a	qb:DimensionProperty;	
						rdfs:subPropertyOf	sdmx-dimension:refPeriod.	
eg:obs1	a	qb:Observation;	
								eg:time	eg:2016;	
								eg:unemployment	"0.17"^^xsd:double.	

3. Other	(please	describe)	
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Q6:	The	geographical	dimension	is	also	very	common	among	the	published	cubes.	In	your	opinion	
which	is	the	best	practice	to	define	the	geographical	dimension?	
1. Re-use	sdmx-dimension:refArea	e.g.:	

eg:obs1	a	qb:Observation;	
									sdmx-dimension:refArea	eg:Greece;	
									eg:unemployment	"0.17"^^xsd:double.	

2. Define	a	new	property.	This	property	is	also	a	subproperty	of	the	sdmx-dimension:refArea	e.g.:	

eg:geo	a	qb:DimensionProperty;	
						rdfs:subPropertyOf	sdmx-dimension:refArea.	
eg:obs1	a	qb:Observation;	
								eg:geo		eg:Greece;	
								eg:unemployment	"0.17"^^xsd:double.	

3. Other	(please	describe)	
	

Q7:	The	sex	dimension	is	also	very	common	among	the	published	cubes.	In	your	opinion	which	is	
the	best	practice	to	define	the	sex	dimension?	

1. Re-use	sdmx-dimension:sex	e.g.:	

eg:obs1	a	qb:Observation;	
								sdmx-dimension:sex		sdmx-code:sex-F;	
								eg:unemployment	"0.17"^^xsd:double.	

2. Define	a	new	property.	This	property	is	also	a	subproperty	of	the	sdmx-dimension:sex	e.g.:	

eg:gender	a	qb:DimensionProperty;	
						rdfs:subPropertyOf	sdmx-dimension:sex.	
eg:obs1	a	qb:Observation;	
								eg:gender	eg:female;	
								eg:unemployment	"0.17"^^xsd:double.	

3. Define	a	new	property.	This	property	is	NOT	a	subproperty	of	the	sdmx-dimension:sex	e.g.:	

eg:gender	a	qb:DimensionProperty.	
eg:obs1	a	qb:Observation;	
								eg:gender	eg:female;	
								eg:unemployment	"0.17"^^xsd:double.	

4. Other	(please	describe)	
	
Q8:	The	age	is	another	very	common	dimension	among	the	published	cubes.	In	your	opinion	which	
is	the	best	approach	to	define	the	age	dimension?	
1. Re-use	sdmx-dimension:age	e.g.:	

eg:obs1	a	qb:Observation;	
									sdmx-dimension:age	eg:18-25;	
									eg:unemployment	"0.17"^^xsd:double.	
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2. Define	a	new	property.	This	property	is	also	a	subproperty	of	the	sdmx-dimension:age	e.g.:	

eg:age	a	qb:DimensionProperty;	
						rdfs:subPropertyOf	sdmx-dimension:age.	
eg:obs1	a	qb:Observation;	
								eg:age	eg:18-25;	
								eg:unemployment	"0.17"^^xsd:double.	

3. Define	a	new	property.	This	property	is	NOT	a	subproperty	of	the	sdmx-dimension:age	e.g.:	

eg:age	a	qb:DimensionProperty.	
eg:obs1	a	qb:Observation;	
								eg:age	eg:18-25;	
								eg:unemployment	"0.17"^^xsd:double.	

4. Other	(please	describe)	
	
Q9:The	attribute	properties	(i.e.	qb:AttributeProperty)	enable	the	specification	of	the	units	of	
measure.	In	your	opinion	which	is	the	best	practice	to	define	the	unit	of	measure?	
1. Re-use	sdmx-attribute:unitMeasure	e.g.:	

eg:obs1	a	qb:Observation;	
									eg:unemployment	"0.17"^^xsd:double;	
									sdmx-attribute:unitMeasure	eg:Percent.	

2. Define	a	new	attribute.	This	property	is	also	a	subproperty	of	the	sdmx-
attribute:unitMeasure	e.g.:	

eg:unit	a	qb:AttributeProperty;	
							rdfs:subPropertyOf	sdmx-attribute:unitMeasure.	
eg:obs1	a	qb:Observation;	
								eg:unemployment	"0.17"^^xsd:double;	
								eg:unit		eg:Percent.	

3. Other	(please	describe)	
	
Q10:The	QB	vocabulary	enables	the	declaration	of	the	unit	of	measure	at	different	levels.	In	your	
opinion	which	level	is	the	best	to	declare	the	unit	of	measure?	

1. Declare	the	unit	at	qb:DataSet	level	e.g.:	

eg:dataset1	a	qb:DataSet;	
								sdmx-attribute:unitMeasure	eg:Percent.	
eg:unemployment	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
									qb:dataSet	eg:dataset1;	
									eg:unemployment	"0.17"^^xsd:double.	

2. Declare	the	unit	at	qb:MeasureProperty	level	e.g.:	

eg:dataset1	a	qb:DataSet.	



	 	D1.1	–	OpenGovIntelligence	challenges	and	needs	

	

	

Page	149	of	156	

	

	

eg:unemployment	a	qb:MeasureProperty;	
									sdmx-attribute:unitMeasure	eg:Percent.	
eg:obs1	a	qb:Observation;	
									qb:dataSet	eg:dataset1;	
									eg:unemployment	"0.17"^^xsd:double.			

3. Declare	the	unit	at	qb:Observation	levellevel	e.g.:	

eg:dataset1	a	qb:DataSet.	
eg:unemployment	a	qb:MeasureProperty.	
eg:obs1	a	qb:Observation;	
									qb:dataSet	eg:dataset1;	
									eg:unemployment	"0.17"^^xsd:double;	
									sdmx-attribute:unitMeasure	eg:Percent.	

	

Q11:	Time	dimension	values	can	be	represented	either	as	URIs	e.g.	http://example.com/2016	or	
as	xsd:datee.g.	"2016-01-01"^^xsd:date.	Which	practice	do	you	consider	the	best	and	why?	

	
Q12:	The	values	of	the	time	dimension	can	be	drawn	from	a	code	list	(in	the	case	that	URIs	are	
used).	In	your	opinion	which	code	list	should	be	used	for	the	time	dimension?	
1. Use	reference.data.gov.uk	e.g.:	

http://reference.data.gov.uk/id/year/2015	

2. Use	DBpedia	e.g.:	

http:dbpedia.org/resource/2015	

3. Define	a	new	code	list	
4. Other	(please	describe)	

	

Q13:	Some	datasets	contain	data	for	a	fixed	time	period	(e.g.	census	data).	In	this	case	should	the	
cube	contain	a	time	dimension	with	a	fixed	value?	e.g.	for	2011	census	data	should	the	cube	
contain	a	time	dimension	with	fixed	value	“2011”?	Which	are	the	advantages/disadvantages	of	

this	approach?	

Q14:	The	values	of	the	sex	dimension	can	be	drawn	from	a	code	list.	In	your	opinion	which	code	
list	should	be	used	for	the	sex	dimension?	

1. Use	SDMX	code	list	e.g.:	

sdmx-code:sex-F,	sdmx-code:sex-M	

2. Define	a	new	code	list	
3. Other	(please	describe)	
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Q15:	The	values	of	the	measure	units	can	be	drawn	from	a	code	list.	In	your	opinion	which	code	
list	should	be	used	for	the	measure	units?	Should	different	code	lists	be	used	for	diverse	units?	

1. Use	QUDT	(http://qudt.org/)	e.g.:	

http://qudt.org/vocab/unit#Euro	

2. Use	DBpedia	e.g.:	

http://dbpedia.org/resource/Euro	

3. Define	a	new	code	lists	
4. Other	(please	describe)	
	
Q16:	The	QB	vocabulary	allows	two	different	practices	for	defining	the	values	of	a	dimension.		In	
your	opinion	which	practice	should	be	followed?	
1. Use	the	property	qb:codeList	to	associate	a	skos:ConceptScheme	to	the	qb:DimensionProperty	

sdmx-code:sex	a	skos:ConceptScheme.	
eg:sex	a	qb:DimensionProperty,	qb:CodedProperty;	
							qb:codeList	sdmx-code:sex.	

2. Use	the	property	rdfs:range	to	associate	a	skos:Concept	to	the	qb:DimensionProperty	

sdmx-code:Sex	a	rdfs:Class.	
eg:sex	a	qb:DimensionProperty,	qb:CodedProperty;	
							rdfs:range	sdmx-code:Sex.	

3. Use	both	

sdmx-code:sex	a	skos:ConceptScheme.	
sdmx-code:Sex	a	rdfs:Class.	
eg:sex	a	qb:DimensionProperty,	qb:CodedProperty;	
				qb:codeList	sdmx-code:sex;	
				rdfs:range	sdmx-code:Sex.	

	

Q17:	In	some	cases	aggregated	values	(e.g:total)	are	used	at	the	dimensions.	For	example	the	sex	
dimension	may	have	values	sdmx-code:sex-F,	sdmx-code:sex-M	and	eg:total.	Which	are	the	
advantages/disadvantages	of	this	approach?	Should	the	relationship	between	e.g:total	and	sdmx-
code:sex-F,	sdmx-code:sex-M	be	defined	explicitly?	

	
Q18:	The	dimension	values	often	have	hierarchical	relations	i.e.	generalization	and	specialization	
e.g.	Greece	is	part	of	Europe.	Which	approach	to	follow	to	express	such	relations?	
1. Use	SKOS	e.g.:	

eg:Greece	skos:broader	eg:Europe	
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2. Use	XKOS	e.g.:	

eg:Greece	xkos:isPartOf	eg:Europe	

3. Define	new	properties	e.g.:	

eg:Greece	eg:within	eg:Europe	

4. Other	(please	describe)	
	

Q19:	The	dimension	values	are	often	organized	into	hierarchical	levels	e.g.	region,	district.	Which	
is	the	best	practice	to	define	the	hierarchical	levels?	

1. Use	the	rdf:type	e.g.:	

eg:Country	rdf:type	rdfs:Class.	
eg:Greece	rdf:type	eg:Country.	

2. Define	new	properties	e.g.	

eg:Country	rdf:type	rdfs:Class.	
eg:Greece	eg:hasLevel	eg:Country.		

3. Use	SKOS/XKOS	e.g.:	

eg:Country	rdf:type	xkos:ClassificationLevel.	
eg:Greece	skos:member	eg:Country.	

4. Other	(please	describe)	

	

Q20:	An	official	portal	defines	separate	cubes	for	each	hierarchical	level	e.g.	define	a	cube	that	
contains	the	regions	and	another	that	contains	the	districts.	Which	are	the	advantages	of	this	

approach?	

Q21:	Please	indicate	any	other	issues	regarding	the	publishing	practices	of	Linked	Data	Cubes.	
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Appendix	C:	Questionnaire	for	developers	
	

General	Questions	

• How	 important	 are	 the	 open	 statistical	 data	 that	 are	 produced	 by	 Governments	 and	
organizations,	according	to	your	opinion?	

Not	at	all	 	 1	 	2	 	3	 		4	 	5	 	 Very	much	

	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	 	

• What	percentage	of	the	data	that	provides	national	portals	of	open	data	is	statistical	according	
to	you?	

0%	 	 <20%	 	 <50%	 	 <75%	 	 100%	 	

	 ☐	 	 ☐	 	 ☐	 	 ☐	 	 ☐	

• Which	of	the	following	open	statistical	data	sources	are	you	aware	of?	

☐	World	Bank	 	 	 	 	 ☐	Eurostat	

☐	Global	Health	Observatory	(GHO	data)	 ☐	European	Data	Portal	

☐	OECD	 	 	 	 	 ☐	Google	Finance	

Open	Data	

• Have	you	ever	used	open	data	for	the	development	of	an	application?	

Yes	 	No	 		 			 		 	 	
☐	 ☐	

General	questions	about	your	Open	Data	application	

• What	was	your	application	about?	

☐	Economics	 	 	 	 ☐	Security	
☐	Agricultural	 	 	 	 ☐	Entertainment	
☐	Education	 	 	 	 ☐	Healthcare		

☐	Legislation	

• What	was	the	theme	of	the	data	you	used	for	the	application?	

☐	Economics	 	 	 	 ☐	Security	
☐	Agricultural	 	 	 	 ☐	Entertainment	
☐	Education	 	 	 	 ☐	Healthcare		
☐	Legislation	

• During	the	development	of	your	application,	how	many	portals	did	you	use	in	total,	to	collect	
your	data?	

Not	at	all	 	 1	 	2	 	3	 		4	 	5+	 	 Very	much	
	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	 	
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• How	many	datasets	did	you	collect	in	total?	

• How	many	of	them	were	open	statistical	data?	

Open	Data	Questions	

• How	satisfied	are	you	with	the	quality	of	the	open	data	that	you	used	in	your	application?	

Not	at	all	 	 	 	 Very	Much	

	 	 	 	 	 	 1	 2	 3	 4	 5	

Occupancy	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	 	 	

	 Validity		 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

Comprehensiveness	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

Accurancy	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

Understandable		 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

Up-to-dated	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

Format	 	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

• How	difficult	was	it	for	you	to	find	the	open	data	that	you	used	for	your	application?	

Not	at	all	 	 1	 	2	 	3	 		4	 	5	 	 Very	much	
	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	 	

• Which	was	 the	greatest	difficulty	you	encountered	during	 finding	 the	necessary	open	data	
that	you	needed	for	your	application?	

• How	difficult	was	it	for	you	to	combine	the	open	data	that	you	used	for	your	application?	

Not	at	all	 	 1	 	2	 	3	 		4	 	5	 	 Very	much	

	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

• Which	was	the	greatest	difficulty	that	you	encountered	during	the	combination	of	the	open	
data	that	you	used	for	your	application?	

Open	Statistical	Data	

• Have	you	used	Open	and	Statistical	Data	for	the	development	of	your	application?	

Yes	 	No	 		 			 		 	 	
☐	 ☐	

Open	Statistical	Data	Questions	

• How	 satisfied	 are	 you	with	 the	 quality	 of	 the	 open	 statistical	 data	 that	 you	 used	 in	 your	
application?	

Not	at	all	 	 	 	 Very	Much	
	 	 	 	 	 1	 2	 3	 4	 5	
Occupancy	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	 	 	
Validity		 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	
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Comprehensiveness	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	
Accurancy	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	
Understandable		 	 	 ☐	 ☐	 ☐	 ☐	 ☐	
Up-to-dated	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	
Format	 	 	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

• How	difficult	was	it	for	you	to	find	the	open	statistical	data	that	you	used	for	your	application?	

Not	at	all	 	 1	 	2	 	3	 		4	 	5	 	 Very	much	
	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

• Which	was	 the	 greatest	 difficulty	 you	encountered	during	 finding	 the	necessary	 open	 and	
statistical	data	that	you	needed	for	your	application?	

• How	 difficult	 was	 it	 for	 you	 to	 combine	 the	 open	 statistical	 data	 that	 you	 used	 for	 your	
application?	

Not	at	all	 	 1	 	2	 	3	 		4	 	5	 	 Very	much	
	 	 	 ☐	 ☐	 ☐	 ☐	 ☐	

• Which	was	the	greatest	difficulty	that	you	encountered	during	the	combination	of	the	open	
statistical	data	that	you	used	for	your	application?	

General	Questions	

• Which	programming	language	used	to	develop	your	application?	

☐	Python	 	 	 	 ☐	C++	
☐	Java	 	 	 	 	 ☐	HTML5	
☐	PHP	 	 	 	 	 ☐	JavaScript		
☐	Ruby		 	 	 ☐	Other	

• Where	did	you	store	the	open	data	for	usage	by	the	application?	

☐	Relational	database	 	 	 	 ☐	RDF	Store	

☐	NOSQL	database	 	 	 	 ☐	other	

• Did	you	make	any	sort	of	statistical	analysis	in	these	data?	

☐	Correspondence	analysis	 	 ☐	Descriptive	Statistical	Analysis	

☐	Linear	Regression	 	 	 ☐	Timeline	
☐	Logistic	Regression	 	 	 ☐	Other		

	

• Was	there	any	visualization	of	the	data?	If	yes,	what	kind	of	visualization	did	you	make?	

☐	Visualization	on	a	graph	 	 ☐	There	was	no	visualization	

☐	Visualization	on	a	map	 	
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Personal	Characteristics	

• Country	

• How	many	individuals	did	you	collaborate	as	a	team	in	order	to	conclude	your	application?	

1	 	2	 	3	 		4	 	5	 6	 7+	 	 	
	 	 ☐	 ☐	 ☐	 ☐	 ☐	 ☐	 ☐	

• Thinking	about	yourself,	on	a	scale	of	1	to	3,	to	what	extent	do	you	associate	with	the	following	
labels?	 	

I	do	not	associate		 I	slightly	associate		 I	associate	myself	

with	this	label	at	all	 with	this	label	 	 with	this	label	

Web	Developer		 	 ☐	 	 	 ☐	 	 	 ☐	 	
Data	analyst	 	 	 ☐	 	 	 ☐	 	 	 ☐	
Business	Analyst	 	 ☐	 	 	 ☐	 	 	 ☐	 	
Policy	Maker	 	 	 ☐	 	 	 ☐	 	 	 ☐	 	
IT	Specialist	 	 	 ☐	 	 	 ☐	 	 	 ☐	 	
Entrepreneur	 	 	 ☐	 	 	 ☐	 	 	 ☐	 	
Designer	 	 	 ☐	 	 	 ☐	 	 	 ☐	
Open	Data	advocate	 	 ☐	 	 	 ☐	 	 	 ☐	

• Employment	Status	

☐	Student	 	 	 	 ☐	Employed	
☐	Voluntary	Work	 	 	 ☐	Unemployed	
☐	Self	Employed	 	 	 ☐	Retired		
☐	Business	owner	 	 	 ☐	Other	
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Appendix	D:	Interview	form	for	pilot	partners	
Instructions	

-	This	 interview	form	was	designed	 for	 the	European	project	"OpenGovIntelligence"	which	aims	at	
fostering	innovation	in	society	and	enterprises	through	the	modernization	of	Public	Administration	by	
exploiting	Linked	Open	Statistical	Data	technologies.	

-	The	form	will	support	the	interviews	that	will	be	conducted	by	CERTH	with	the	pilot	partners	of	the	
project	in	the	frame	of	task	T1.3.	

-	 The	 objective	 of	 the	 interviews	 is	 to	 identify	 challenges	 and	 needs	 of	 users	 that	 aim	 to	 exploit	
statistical	open	data.	

-	Pilot	partners	of	the	project	will	describe	problems	of	public	administration,	businesses	and	citizens	
that	can	be	solved	through	the	exploitation	of	statistical	data.	National	or	cross-country	problems	can	
be	mentioned.	

-	The	present	interview	form	will	not	specify	the	final	version	of	the	pilot	scenarios.	

Problems	

• Please	describe	an	existing	problem	that	can	be	solved	through	the	exploitation	of	statistical	
data	(in	200	words)	

• Please	select	the	category	that	your	problem	falls	into	
National	 	 Cross	Country	

Public	Administration	 	 	 ☐	 	 	 ☐	 	 	 	
Business	 	 	 	 ☐	 	 	 ☐	 	 	 	
Citizens		 	 	 	 ☐	 	 	 ☐	 	 	 	

Datasets	

• Please	list	all	the	datasets	that	are	necessary	to	solve	the	problem	
• For	each	dataset	please	specify:	(a)	the	measured	variable	and	the	dimensions	(e.g.	count	of	

unemployed	people	per	month	in	municipalities	of	Greece)	(b)	Open/Closed	data	(if	data	are	
open	which	open	data	portal	provide	them	and	if	data	are	closed	who	is	the	owner	and	what	
are	the	access	constraints)	

Final	Product/Service	

• Please	describe	the	target	users	of	the	final	product/service	
• Please	describe	the	functionalities	the	final	product/service	will	support	

Please	describe	methods	and	tools	(statistical	analysis,	visualization	etc.)	that	are	needed	to	develop	
the	final	product/service	

	


