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1ZVLECEK

V ragiskavi smo se osredotadili na sistematicni pregled

literature o objavijanju geoprostorskih podatkov v
tehnologiji povezanib podatkov (linked data — LD)
pri geodetskily upravak evropskih driav, sdgovernih za
gemljiske administracijo. Analizirali smo znanstvene
itudije, objavijene v letih od 2014 do 2023, Naia
raziskava je bila wsmerjena v odkrivanje varokov za
razmeroma pocasne uwveljavijanje LD-tehnologij za
objave geoprostorskih podatkov. Zato smo iskali vazloge,
nafjpogostefie tedave, resitve in izzive za objavo prednostnik
tem geoprostorskib podatkev pri geodetskib upravah
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primerjay, izidov in okoliicin (PICOC) ter iskanje s tako
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presaje upravicenosti a 1.-1’151'#['1&'1' clankov v sistematicni
pregled literature je preditavijen v Smernicah za prednostne
postavke porocanja za sisternaticne preglede in metaanaliae
(PRISMA). Pri branju celotnega besedila kancnega nabora
devetnajstib izbranih dlankov smo analizivali vsebino
in identificivali dvanajst kljucnib podrodij, S frekvenino
analize smo pridobili pregled LD objavijenih geoprostorskib
tem, ki so najpogesteje objavijens pri geodetskib upravak
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ABSTRACT

This research focuses an a systematic literature veview af

the geospatial Linked Data (LD) publication at National
Mapping and Cadastral Agencies in Eurape (NMCA)
responsible for land administration. We analysed scientific
studies published from 2014 ro 2023, Our research aimed
ta find out the reasons for the velatively slow adaption of
geaspatial data publication as LD. Thevefore, we searched
Jor the most common problems, solutions, and challenges
for publishing priovitised data themes in NMCAs. Applied
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such as analysing Population Problems, Intervention
Comparison, Outcomes, and Circumstances (PICOC) and
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by Preferred Reporting ltems for Systematic Reviews and
Meta-analyses (PRISMA) guidelines. We analysed nineteen
extracted papers and identified twelve key icates from full-
text reading. Frequency analyses vesulted in the overview
of the most frequently published geospatial themes as LD
in several European countries. We addressed five research
guestions and concluded that in addition te systematic
support for developing vocabularies and ontolagies, trust,
awareness, and knowledge about best practices could
influence the success of LD publication at NMCAs.
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Geodetski vestnik is the publication of the Association of

Surveyors of Slovenia (Zveza geodetov Slovenije) and it is

an open access journal, issued quarterly in print and online

versions. The journal is designed to serve as a reference

source and an archive of advancements in the disciplines

that make use of the geodetic, geospatial and spatial

planning fields.

2023 (67),

Current issue:




CONTEXT for Systematic Literature Review

Research project v2 - 2295:

,,Developing guidelines

to improve semantic interoperability

in spatial database management and

geoinformatics in Slovenia“

arrs

SLOVENIAN RESEARCH AGENCY

Surveying and
Mapping Authority
of the Republic of
Slovenia




Project aims:

* |dentify the main obstacles to
semantic interoperability at the NMCA

* Find the optimal combination
of the latest technologies and approaches
of the semantic web
for geospatial LD publication



PICOC method:

1. Problem:

2. Intervention:

3. Comparison:

4. Outcomes:

5. Circumstances:

Systematic Literature Review (SLR)

siloed geospatial data

publishing geospatial data as Linked Data
web searchability, linkability
machine-readable, published geodata as open-linked data

NMCA;



RQ1:

RQ2:

RQ3:

NOUX

NOLK

RESEARCH QUESTIONS for LD implementation at NMCAs:

The main PROBLEMS for publishing NMCA geospatial data as LD?
SOLUTIONS and requirements identified by experienced NMCAs?

PRIORITY DATA THEMES already published by NMCAs?
What CHALLENGES/ISSUES have NMCAs identified?

REASONS for the relatively SLOW ADOPTION of LD by NMCAs?



Existing studies ANALYSES

Databases: SCOPUS IEEE  Google Scholar

Period: 2014 - 2023

Keywords: linked data (LD) AND geospatial AND NMCA



How to select studies for detail analyses SLR ?

6 criteria:

Table 1:  Assessing studies before detailed data extraction with criteria/questions

Criteria Eligibility question before extraction

Does the study explain|the challengesjof LD publication?

Does the stud}r explain the best practices|of LD pubiication?

Does the stu d}r cover|the NMCAs domainsf




Protocol of SLR

Initial
identification

Records identified from:

Databases

Manualy added

Exclusions of studies

Records removed before screening:

Duplicate records removed
Records marked as ineligible by automation
tools

Screening "Title
and keywords"

Records without
duplicates

Records manualy labeled as ineligible

Reason: not related to our research problem

'

Screening
"Abstracts"

Records sought for
retrieval

Records excluded

Reason: not relevant for land a\dministration
system

|
Y

Screening
"Introduction and
conclusions"

Reports assessed for
eligibility

L pReports excluded by eligability criteria:

Reason 1: not NMCA
Reason 2: not geospatial data
Reason 3: irrelevant location

Included in review

Studies included in
review for extraction

PIFull-text extracted studies

Figure 1: Results of studies selection in the form adopted from the PRISMA 2020 flow chart (Page et al,, 2021)




19 most relevant studies according to 6 criteria (1 - 13):

Table 2: Detailed selection of studies and quality assessment criteria

Cl1 C2 C3 C4 C5 Co6

Total

ID Author Problems Challenges Best NMCA %

Rel G ial
clevance epa defined defined practices domain Seore

Saavedra et al., 2014 0.5 1 1 0.5 1 4.0 67%
Cagdas and Stubkjeer, y
2015;1 1 % o 0 1 A 67%
Cagdas and Stubkjer,
2015b

Hietanen et al., 2016 : 0. 0, 3 50%
Beek and Folmer, 2017 0. .5 5 83%
Bucher et. al., 2020 0. X j 83%
Debruyne et.al., 2017 i Shs 92%
Kyzirakos et al., 2018 3. 50%
van den Brink et al., 2018 : 67%
Folmer et al., 2018 : 67%
Ronzhin, 2019 : s 92%
Forlmer et al., 2019 ; 1 S 92%
Rowland et al., 2020 5 3 58%

75%




Author

Folmer et al., 2020,
Yaman et al., 2021
Issa et al., 2021
Rowland et al., 2021
Rowland et al., 2022

Yaman et al., 2022

Cl1 C2 C3 C4 C5 Cé6
Problems Challenges Best NMCA

Total

Relevance Geospatial _ score
practices

defined defined domain
1
0

1 0.5 1
1
1 1
1
1
1

0.5 0.5

8 :3 ‘7..'-"'5;1
100%
[} 2 ”n

76%




Backwards snowballing
studies references

From initial

146 studies

h

%
returned 1,706

reference studies

Picture Source: NV|VO


https://www.linkedin.com/in/codysperber/

Studies published mostly in ... journal

Table 3:  Number of publications per journal from snowballing in present SLR

Journal Publications
International Journal of Geographical Information Science
Computers & Geosciences

Semantic Web

ISPRS International Journal of geo-information

Environmental Modelling & Software —
Transactions in GIS

~ 50%
Communications of the ACM (0)

Com puters

Semantic Web

Geolnformartica




LD studies, per author (snowballed from 43 eligable articles)

Table 4:  Backward snowballing searches counted the references per author from the initial examination.

Author Publications

Janowicz, K.

Lehmann, J.
Koubarakis, M.
Auer, S.

Kraft, M.
Bizer, C.
Corcho, O.
Hitzler, P,
Bereta, K.
Folmer, E.
Kyzirakos, K.




Most frequent concepts snowballed from 43 eligable
articles (total of 25.511 concepts detected automatically)

Table 5. Frequency analyses of the words in eligible articles

Word

data

spatial

linked

geaspati;{l

information
web

semantic

RDF




Most frequent concepts from 43 eligable articles (CONT.)

Word

geo

quality

Sl

datasets
knowledge
geometry
GEOSPARQL
ontology
geographic

model




SYNTHESIS OF SLR

SMAs LINKED DATA PUBLICATION

12 key LD issues

from 19 studies



Issues

Table 6:

Summary table for the synthesis of data collected from nineteen selected studies on issues of geospatial LD publishing

item

LD issues

description

study ID

count

%

interoperabiliry\

vocabulary

shared, open data accessibiiit}; reuse, integration -

combining different sources

common thesaurus for the domain terminology,

multilingual terminology, cross-border terminology

3,4,8,9,12,15, 17

2,3,4,6,7,9,18

14,3%

12,2%

SUPPOI’I

users support browsing, searching, querying, anal}-’ses,

VIEWII]g

5,9,10,12,13, 17

12,2%}

heterogeneity
ontology
quality
readability
big data

eﬂiciency

data context

serialisation

scalability /

disjoint semantically, structurally‘ and syntacticall}f;

diVEI’Sif}’ of contexts, terms definitions

knowledge, semantics, relations, explaining Instances

meaning to the outside world

LD publication quality metrics as completeness,

updating, accuracy
readability by humans and by machines
publishing large datasets, siloed data

business issues of OLD), publication automation,

ETL, time- and cost-efficient delivery, restrictions
metadata - information about data
provide darta in different LD formats

a scalable approach to linked data publication

1,6,9,11, 14, 19

4,7,9,11, 18

1,11, 16,19

4,6,9,15,18
5, 8,9, 14
8, 14,17, 18

2,4
-
18

10,2%

10,2%

8,2%

8,2%
8,2%
8,2%

4,1%
2,0%
2,0%




Answers to RQ



 RQ1 Problems: heterogeneity, siloed data, metadata, context.

e RQ2 Solutions and requirements: vocabularies, ontologies,

metadata, standardised technologies.

 RQ3 Priority data themes: administrative units (7), place names (3),

building identifiers (3), and addresses (2).



RQ4  NMCAs Challenges

* setting development priorities,

* keeping pace with technological trends,

« compensating for the financial costs of data sharing,
* the skills of staff at NMCAs,

* the availability of best practice guidance.



NOE} Reasons for the slow proliferation of LD

* At public bodies slower adoption of new technologies, than in private
* Limited tooling
* The lack of knowledge on managing knowledge graphs (KG)

* Unable to properly advertise datasets’ usefulness to potential users,

thereby hampering reuse

* The lack of sufficiently distinctive and functional browsing and viewing

facilities
* Publishers do not use LD themselves, and

LD fails to attract IT vendors due to insufficient professional demand.



Limitations of the study results

the study did not address:

* technologies,
e standards,

* processes, or
* legal issues

for LD publication at NMCA:s.



CONCLUSIONS



GEOSPATIAL
LINKED DATA
PROLIFERATION IN
NMCAS

REASONS for the relatively SLOW
ADOPTION of
INCENTIVE

geospatial data publication as LD

problems, solutions, and challenges

CHALLANGES
for PUBLISHING

Furopean countries

CONTEXT
NMCAs

STUDIES published from 2014 to 2023
MATERIAL

-\ nineteen extracted papers




GEOSPATIAL
LINKED DATA
PROLIFERATION IN
NMCAS

Population Problems, Intervention,
Comparison, Outcomes, and

i i

Circumstances (PICOC)

METHOD

Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA)
guidelines

addressed five research
questions

prioritised LD data themes in MMCAs

identified 12 key issues from full-text
reading

RESULTS

systematic support for developing

vocabularies and ontologies

most influential factors to the success of

LD publication at NMCAs trust

awareness and knowledge about best
practices
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