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ABSTRACT

Government codes are created and utilized to streamline and standardize government administrative procedures. They are
generally employed in government information systems. Because they are included in open datasets of public data, users must be
able to understand them. However, information that can be used to comprehend administrative code is lost during the process of
releasing data in the government system, making it difficult for data consumers to grasp the code and limiting the connection or
convergence of different datasets that use the same code.This study proposes a way to employ the administrative code produced
by the Korean government as a standard in a public data environment on a regular basis. Because consumers of public data are
barred from accessing government systems, a means of universal access to administrative code is required. An ontology model
is used to represent the administrative code’s data structure and meaning, and the full administrative code is built as a knowledge
graph. The knowledge graph thus created is used to assess the accuracy and connection of administrative codes in public data.
The method proposed in this study has the potential to increase the quality of coded information in public data as well as data
connectivity.
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1. INTRODUCTION

Public sector data are closely related to the daily lives of
citizens in terms of transportation, energy, administration,
weather services, and so on. Governments and enterprises
worldwide are actively working to promote the use of pub-
lic data in all industrial fields (Jetzek et al., 2019; Wang &
Shepherd, 2020). According to the European Commission,
the expected total economic value of public sector infor-
mation will be approximately 194 billion euros by 2030
(Barbero et al., 2018). By adopting national artificial intel-
ligence strategies, most countries emphasize the disclosure
of large-scale public sector datasets (HolonIQ, 2020). The
Korean government is actively promoting the adoption
of public data releases, and provides diverse legal and
institutional support for their industrial use. Korea has
positioned itself as a leading country in the international
evaluation of public data (World Wide Web Foundation,
2017). According to ‘Government at a Glance; published
by the Organisation for Economic Co-operation and De-
velopment (OECD, 2019), Korea ranks first in the open-
useful-reusable government data index and fourth in the
World Wide Web Foundations Open Data Barometer, tied
with France behind Canada, the United Kingdom, and
Australia (World Wide Web Foundation, 2017).

However, the quality of public data remains inadequate
for various reasons (Kim, 2019). In particular, public
data are often incomplete or lack significant information
(World Wide Web Foundation, 2017). Platforms for pro-
viding and sharing open data are expanding, and research
on data quality is ongoing (Nogueras-Iso et al., 2021). To
facilitate metadata-level interoperability and apply metrics
to analyze metadata quality, a number of platforms imple-
ment standards such as data catalog vocabulary (DCAT)
(Maali et al., 2014) and DCAT application profile for data
portals in Europe (Kirstein et al., 2019). The quality of the
values contained in datasets, on the other hand, remains
a challenge. For example, the Korean government has es-
tablished administrative codes for the common use of in-
formation by administrative agencies. A number of codes
are established for simplifying government affairs. These
codes are managed by government agencies supported by
legal guidelines and information systems. The codes are
systematically managed by government agencies, which
may use existing codes for administration purposes but
may also enact new codes if necessary. Information sys-
tems operated by individual agencies can use any and
all codes registered with the code management system.
However, as public data is disclosed in the government
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information system, the gap between government and
public data is widening. When data from a government
information system is provided as public data, much con-
textual information tends to be excluded or lost. A dataset
containing only code values creates a situation where us-
ers have difficulty understanding the meaning of the code;
as a result, the dataset is difficult to link and combine with
other datasets. Moreover, there is no way for the user to
modify or enhance the value of public data to the govern-
ment system.

Since public data including code values must ensure
accuracy, information used internally by government and
public data must be linked to each other so that they can
be used as up-to-date information. To solve the current
limitations associated with government codes, this study
proceeds as follows: (1) a knowledge base of administra-
tive codes for interlinking other datasets is created; (2)
missing or improper values by the knowledge graph are
revised and interlinked among the collected datasets. The
knowledge graph can represent administrative codes in
a machine-readable format and thus provide semantic
relationships across public data. An ontology model is
proposed to describe a set of administrative codes. Using
this model, the administrative codes aggregated from the
government code system are transformed into reference-
able knowledge as a graph structure. The administrative
codes are provided in Excel format without any relevant
contextual information, making it difficult to understand
and use the code in an open environment. All 314 estab-
lished administrative codes were collected from the gov-
ernment code management system and transformed into
a graph structure using our proposed knowledge model.
The knowledge graph is then applied to five datasets for
quality evaluation of public data; this process diagnoses
the use status of administrative codes and evaluates the
quality of each dataset. In particular, two metrics (com-
pleteness and accuracy) are used to determine the quality
of columns matched to the administrative codes (Song &
Kim, 2022; Vetro et al., 2016).

The structure of this paper is as follows: the second
section reviews previous studies. The third section de-
scribes administrative codes in Korea and methods for
representing a knowledge graph. The fourth section de-
scribes the case of applying the constructed knowledge
graph to public data from a quality perspective. The fifth
section discusses several issues for utilizing the proposed
approach. Finally, the concluding section summarizes the
study and proposes future research directions.
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2. RELATED WORK

A number of studies on open government data (OGD)
have been conducted with respect to various subjects (Ub-
aldii, 2013), including strategies (Wang & Lo, 2016; Yang
et al., 2015), economic values (Zeleti et al., 2016), data
quality (Vetro et al., 2016), and technical implementations
(Janssen et al., 2012). However, the efficient utilization of
government data presents several particular issues. Crusoe
and Melin (2018) conducted a systematic literature review
to identify barriers to OGD. Most of these are technical,
organizational, or legal (Crusoe & Melin, 2018). In par-
ticular, technical barriers are broad in scope, ranging from
publishing the data to enabling consumers to use them.
Assessment and quality control of published data are criti-
cal factors in the utilization of public data. Kubler et al.
(2018) proposed an open data portal quality framework
that aims to evaluate open data portals across 43 differ-
ent countries. Vetro et al. (2016) proposed a theoretical
measurement framework to assess dataset quality. The ap-
proach proposed here focuses on quantitatively assessing
the quality of government datasets rather than evaluating
open data portals.

Various studies have considered linked data for seman-
tic linking of public data. Linked data interlinks among
various data sources and is dependent on the quality of
individual datasets. Shadbolt et al. (2012) stated that the
massive influx of heterogeneous data without semantics
or structure has become a problem affecting OGD. Fur-
thermore, researchers have claimed that combining OGD
with linked data technologies can leverage the scope and
richness of government data because additional resources
become interlinked with appropriate contexts (Shadbolt
et al,, 2012). Researchers are actively investigating the ap-
plication of linked data technology at the national level in
Brazil (Breitman et al., 2012), Singapore (Raamkumar et
al,, 2015), and Serbia (Janev et al., 2018). Multiple studies
have been conducted in specific domains, such as statisti-
cal data (Han & Labhiri, 2019; Hoffner & Lehmann, 2014),
legal data (Mockus & Palmirani, 2017), and data quality
and assessment (Ibanez et al., 2019). Matsuda et al. (2018)
established a unified structure for publishing and using
statistical data with standard vocabularies such as resource
description framework (RDF) and SPARQL (SPARQL
Protocol and RDF Query Language) for the Japanese sta-
tistical center. Several researchers have presented specific
ontology models to represent OGD in a semantic model

'http://registry.it.csiro.au
*https://github.com/CSIRO-enviro-informatics/cofog-a-vocab

(Ferneda et al., 2016; Jiang et al., 2019; Petrusi¢ et al.,
2016; Zeleti et al., 2016). For instance, Lamharhar et al.
(2015) introduced a knowledge-based technique for the
automatic processing of heterogeneous public administra-
tive bodies for e-government domains. Daraio et al. (2016)
proposed ontology-based data management for a compre-
hensive level of interoperability among different open da-
tasets, including a data management strategy, high-quality
semantic annotation, and ontology mapping.

Governments worldwide and international organiza-
tions provide various types of data and classifications as
linked data, such as the Global Standards One web vo-
cabulary (Harrison et al., 2014) and legal entity identifiers
(Trypuz et al., 2016). In particular, the linked data registry
developed by the Commonwealth Scientific and Indus-
trial Research Organization provides vocabulary, ontolo-
gies, and reference resources authorized or adopted by it."
The Australian government provides the Classification of
the Functions of Government (COFOG), defined by the
United Nations as linked data based on the simple knowl-
edge organization system (SKOS) model.> Moreover, the
Australian government architecture framework assists in
the delivery of more consistent and cohesive services to
citizens and supports the cost-effective delivery of ICT
(Information Communications Technology) services by
the government. This framework contains a set of refer-
ence models for collaboration within and across agencies.
In particular, the data reference model aims to deliver
consistent data context as the basis for data governance,
which can be achieved using an ontology-based approach
(Australian Government Information Management Of-
fice, 2011). The Italian National Institute of Statistics and
the Agenzia perlItalia Digitale provide an official clas-
sification system in a linked data format by linking CO-
FOG, Public Record Office Victoria (Lebo et al., 2012),
and the eXtended knowledge organization system (Lodi
et al,, 2014). From the perspective of public data, these ef-
forts can be considered to increase the connectivity and
accuracy of data by consistently referencing codes, clas-
sification systems, and vocabularies used by governments.
Kim (2018) proposed a knowledge model to represent the
legal definition of administrative districts and their inter-
relationships in Korea and demonstrated the interlinkage
of various elements such as addresses, postal codes, hospi-
tals, and schools in an administrative-district knowledge
graph.

Because there is insufficient quantitative research on
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the use of administrative codes for public data, this paper
proposes a method for incorporating an administrative
code into a knowledge graph to improve data quality. The
proposed knowledge graph can represent administrative
codes in a machine-readable format; the dataset generat-
ing the knowledge graph establishes a semantic relation-
ship across public data.

3. A KNOWLEDGE GRAPH OF
ADMINISTRATIVE CODES

3.1. Overview of Administrative Codes in Korea

An administrative code refers to a code system that
can be classified in the administrative work of each level
of government agency so that they can be handled eas-
ily according to a certain code (Ministry of the Interior
and Safety [MOIS], 2017). In Korea, the administrative
standard code is a set of administrative codes established
and published according to the prescribed procedure by
standardizing the administrative code required for the
administrative work of each level of agency. Note that an
administrative code is designed with the goal of classify-
ing and simplifying public agency administrative tasks.
The administrative standard code in Korea is a particular
type of administrative code that establishes a set of codes
necessary for standardizing each agencys administrative
work. The term ‘standard’ refers to code that is the product
of government legislation, and is semantically different
from general standards in the ICT field. Therefore, this
study refers to administrative code rather than adminis-
trative standard code.

The Electronic Government Act (MOIS, 2017) pro-
vides the legal basis of the administrative code for operat-
ing and managing administrative code sets. The purpose
of this act is to implement e-government effectively by
prescribing basic principles, procedures, and methods for
the electronic processing of administrative affairs. Ac-
cording to Article 50, the Korean MOIS may establish a
set of administrative codes as needed for sharing admin-
istrative information across government agencies. In ad-
dition, it may publish them in the official gazette (Article
59, Paragraph 1 of the enforcement decree of the Act) and
the head of the administrative agency should comply with
the codes established in accordance with Article 59, Para-
graph 3. The administrative code covers central adminis-
trative agencies (including agencies reporting directly to
the president and prime minister), agencies affiliated with

Shttp://code.go.kr
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central administrative agencies, and local government
agencies. The Korean government recommends the use of
the administrative code in general administrative affairs
via specific guidelines: (1) all agencies should use up-to-
date administrative code from the administrative code
management system,” (2) a new informatization project
should use the administrative code; if the existing codes
cannot be applied, the institution must consult with MOIS
in advance to derive application plans, and (3) if the ad-
ministrative code has not yet been applied in the existing
information system, the organization should discuss ap-
plying the code and improving interoperability between
systems with MOIS.

Eleven types of administrative code were enacted in
1990 to promote e-government. These have been expand-
ed to 314 types through several additional enactments
and supplements. All currently established administrative
codes are managed through the administrative code man-
agement system. The administrative code is classified into
26 subjects as administrative tasks. Note that the admin-
istrative codes represent individual subjects as strings, but
there is no consistent method for identifying individual
subjects. To identify them, all subjects and codes were de-
fined by an ‘S and AC’ (Administrative Code) and an arbi-
trarily assigned number. By subject (Fig. 1), S15 (personal
administration) and S21 (local tax payment) were the
most numerous with 29 codes (9.24%) each, whereas S2
(construction), S20 (local taxation), and S4 (transportation
and logistics) had 25 (7.96%), 24 (7.64%), and 19 (6.05%)
administrative codes, respectively.

Each code has a 1:1 match between code value and its
meaning. The code value is detailed according to a spe-
cific subject as a simple number or blended with other
characters, whereas its meaning is a name expressed in
natural language. By default, each code consists of a value,
a code name, and a comment as a column. The number of
columns ranged from a minimum of three (97% of codes)
to a maximum of 25. Note that eight administrative codes
have more than three columns; as shown in Fig. 2, AC56
(national license), AC17 (construction classification),
AC243 (functional category), AC192 (postal code), AC247
(job position), AC61 (international currency), and AC211
(type of disability) have more than four columns, while
AC67 (organization), AC83 (road name), AC246 (job clas-
sification), AC164 (raw food material), AC298 (university
major), AC162 (qualification test), AC79 (standard item),
AC163 (food safety classification item), and AC242 (job


http://code.go.kr

Haklae Kim, Knowledge Graph of Administrative Codes in Korea

30729 29

20

10 A

A frequency of each subject

DN X AN 00D AN DO DX DD AD O D XN DD b A
g VP TV GGG O Vg T Vgl D T gy Fig. 1. Statuses of data by sub-
A list of code sets ject.
% 450,000 ~
o 400,000 Jhee &
©
8 350,000
[0v]
e 300,000 1 Fig. 2. Data status by the number
2 250,000 of rows and columns.
£ 200,000 4 AC67 (391,377), AC83
o ' (381,415), AC164 (28,337),
5 150,000 + AC246 (6,690, job clas-
£ 100,000 - sification), AC162 (6,690,
2 500004 . Viads AC16s qualification test), and
= ’ AC115 . ATGZ./Aczgs Jhees AC298 (2,592, university
0 S ? ' ' ' major) have a relatively
0 5 10 15 20 25 30

The amount of columns per a code set

class) have more than 10 columns. The number of rows
in the datasets varied from a minimum of two to a maxi-
mum of 391,377. The number of rows is 10 or less for 43%
and between 11 and 100 for 41%; approximately six (2%
of code types) contain 10,000 or more codes. In particular,
AC67 and AC83 have the largest number of columns and
rows (25x391,377 and 20x381,415, respectively) because
they contain detailed specifications of items in addition
to the code values, as shown in Fig. 2. Although AC192
(postal code) and AC115 (administrative district) contain
four and three columns respectively, they contain 52,284
and 46,215 codes, respectively. These datasets define all
postal codes and administrative districts in the Republic
of Korea. These codes are commonly used in government
and national information systems.

3.2. Knowledge Model

Some existing vocabularies are repurposed to represent
the administrative codes at a semantic level, namely sche-
ma.org (Guha et al., 2015), RDF (Brickley et al., 2004), and

large number of codes
and values.

SKOS (Miles & Brickley, 2005). For example, a set of de-
scriptive information is represented by RDE, while the re-
lationship between concepts is described using SKOS. New
terms are defined only if they do not correspond to the
existing vocabulary. In schema.org, the CategoryCodeSet
class describes a set of category code values. CategoryCode
expresses a short textual code that uniquely identifies the
value using the codeValue property. The two classes can
be linked with the hasCategoryCode property, which aims
to represent a code contained in a code set. To represent
a set of administrative codes, the AdministrativeCodeSet
and AdministrativeCode classes are defined as subclasses
of the CategoryCodeSet and CategoryCode, respectively.
These classes inherit the relationships defined in schema.
org. Thus, the hasCategoryCode property of schema.
org is reused to connect to both AdministrativeCodeSet
and AdministrativeCode. In addition, each code set has
one subject and one category; the Subject and Category
are subclasses of skos:Concept. The category and subject
properties are linked to the corresponding code set.
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As shown in Fig. 3, several classes are defined to repre-
sent the characteristics of administrative codes. Each code
set is maintained by at least one government body. The
organization property describes an agency that creates
or operates a specific code set. The expected value of this
property is a type of Organization within schema.org. A
management of organizational codes is classified into four
types: general, competent, application, and consignment.
The general organization manages overall tasks such as
the designation of the competent agency (department) of
the administrative code, management of enactments/revi-
sions, and notifications. Competent organizations manage
the establishment and revision of sets of administrative
codes. Application organizations are responsible for ap-
plying administrative codes to an internal information
system. Thus, these types are defined as types of Organi-

zation classes. Table 1 lists four types. The administrative
codes are classified into four management types according
to the characteristics of the competent organization. The
management type is defined by the ManagementType
class. The AdministrativeCodeSet class can be linked to
a specific management type with the managementType
property.

The URI (Universal Resource Identifier) pattern is
designed to be consistent and predictable. The experi-
ences and recommendations of linked data communities,
including data publishers and consumers, are used to
develop common patterns and practices (Juty et al., 2020).
A vocabulary URI includes ontology, vocabulary, concept
schemes, and code sets. The pattern, combining a domain
address and a reference item, is an important resource.
The reference item contains the reference data. In this

http://schema.org/
http://www.w3.0rg/2004/02/skos/core#
http://{domain}/goc/code/
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Fig. 3. Abstract model of administrative code representation. The prefix of the namespace is ‘kasc’ (Korean Administrative Standard Code).

Table 1. Management types and classes in the knowledge model

Management type Class name Description

Overall kasc:Overall The code is managed by one competent organization.

Partial kasc:Partial If the competent organizations of each part differ, the competent organization
(department) for each part may be determined.

Joint kasc:Joint If there are multiple agencies in charge of one code, these can be designated, and the
change can be managed through a mutual agreement.

Delegation kasc:Delegation When it is difficult for the competent organization to directly manage the change
management of the lowest code value, the change management function can be
delegated to the subordinate organization.
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case, a reference item is a government agency, and the ref-
erence data are the administrative codes provided by the
agency. This relationship is represented by the URI pat-
tern ‘gov’ and ‘code, listed in a specific order. Furthermore,
the vocabulary and instances of the subject are defined by
classifying them into ‘def” and ‘id; respectively. Therefore,
the vocabulary URI is provided at http://{domain}/gov/
code/def. Note that the individual ontology vocabulary
is expressed in CamelCase notation such as ‘http://{do-
main}/gov/code/def/ AdministrativeCodeSet’ and ‘http://
{domain}/gov/code/def/ AdministrativeCode’ The URI
for representing the dataset is defined as ‘http://{domain}/
gov/code/id’ However, because administrative code values
have a relatively simple composition (e.g., ‘01; 02, and 03’),
it is difficult to ensure the uniqueness of the code URI
using only the code value. Therefore, a code identifier is
defined by combining code set numbers and code values.
For example, instances of the AdministrativeCodeSet and
AdministrativeCode classes are defined by combining
the individual code value (AC) of the administrative code
with the serial number assigned to the code data. The AC

Table 2. Statistics of the knowledge graph by administrative code

creates combinations of administrative code data and code
values (e.g. ‘http://{domain}/gov/code/id/ Administrative-
CodeSet/AC/{code set number}).

All code datasets, containing 1,011,438 individual
codes, were downloaded individually as Excel files. The
knowledge graph conversion was done using Python
and RDFLib," and the linking of the government code
contained in the open data was done using OpenRefine’s
reconciliation service. These codes are transformed into
graph-structured data by adopting the proposed knowl-
edge model and the URI model. The administrative code
as constructed by the knowledge graph contains approxi-
mately 1,011,812 entities and 20,481,472 statements. Table
2 summarizes the entities and statements for each subject
in the knowledge graph.

4. EVALUATIONS

4.1. Data Collection
A small-scale evaluation was conducted to verify the
use of knowledge graphs for public data. On the public

Category Type Description Entities Statements
Metadata Organizations Agencies that manage the administrative codes 34 248
Subject Topics that are classified by government tasks 26 208
Administrative code Code set Total number of the administrative codes 314 23,496
Code Total number of individual codes 1,011,438 20,457,520
Total 1,011,812 20,481,472
Table 3. List of public datasets from the Korean open data portal
Dataset Description ID Columns Rows Views Downloads File size
D, Administrative 15061082 8 13,460 360 233 2 MB
organizations in Korea
D, Public health and medical 15004305 15 227 3,380 874 51 KB
institution
D, Medication prescriptions 15007117 15 36,380,226 4,326 16,709 3.27GB
D, Current status of the beauty 15038408 37 1,200 266 162 266 KB
industry in Gyeonggi
Province
Ds National parking lots 15012896 33 14,609 4.1 MB

The ID column is an identifier assigned by the public data portal, and the ID for accessing the actual data is ‘https://www.data.go.kr/data’
+'ID" + ‘/fileData.do.' However, D has a different URL (https://www.data.go.kr/data/15012896/standard.do) owing to the type of standard

data.

*https://rdflib.readthedocs.io/en/stable
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data portal,’ a search for the keyword ‘public’ was conduct-
ed and the top five datasets were selected from the results.
As shown in Table 3, Dataset D, contains types, addresses,
and phone numbers of administrative agencies such as
post offices, public health centers, and administrative divi-
sion offices. Dataset D, contains information about medi-
cal institutions, including the type, number of beds, and
addresses. Dataset D, is composed of details of individu-
ally prescribed medicines (e.g., date of commencement of
treatment, appropriate dosage, daily dose, and total dose)
on one million patients per year. Dataset D, provides the
names of businesses in the city of Icheon in Gyeonggi
Province such as hair, makeup, and nail art studios, as
well as licensing dates and business status. Dataset D;
provides information on the addresses, locations, types,
operating times, and fees for parking lots nationwide. D,
is a very large dataset (approximately 3.27 GB) with the
maximum number of rows, whereas D, is relatively small
because its data are limited to a specific region. The ‘Views
and ‘Downloads’ columns represent the numbers of users
who previewed or downloaded the file contents via the
portal. The portal does not indicate the number of views
and downloads of D;. D, has high numbers of downloads,
but the other datasets have low numbers compared to the
number of views. This suggests that users discover and
review these datasets but generally do not download them
for actual use.

Individual datasets use administrative codes ranging
from 11% to 75% of the total. In D,, for example, six out
of eight columns use administrative codes, while in D,
only 4 columns out of 36 are used. Table 4 summarizes
the column to which the administrative code was applied,
the matching administrative code, and the results of data
quality improvement in the dataset. Matching with ad-
ministrative codes proceeds in two steps. First, the column
value of the dataset determines selection of the category
type and comparison with the administrative code. Since
the Korean column names are used as different character
strings, whether or not they are semantically equivalent to
the administrative code names can be determined. In fact,
although the column names of the datasets are different,
the same administration code is applied. For example, ‘Or-
ganization type in D, and ‘name of management institu-
tion’ in Dy can apply the same administrative code. There
are 108 columns in the collected dataset and 22 (20%) of
them have administrative codes. Ten administrative codes
were used in the collected datasets by applying semantic

*http://data.go.kr
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matching: AC41 (public health industry), AC67 (public
organization), AC115 (administration division), AC117
(healthcare institution), AC136 (sex), AC166 (type of food
hygiene business), AC192 (postal code), AC227 (type of
parking lot), AC241 (job position), and AC314 (closed
status of business). Ordinarily, one code value or name
was applied to each dataset. Most matched columns tend
to use code names rather than code values. However, C20
and C21 of D5 (provider of name and code, respectively)
are the only exceptions in which both values are used
together. Note that the percentage of matches across all
columns in the dataset was approximately 20%, whereas
36,409,722 rows had administrative code values.

4.2. Data Quality

Individual data sets can use codes or code names as
column values. The values in the combined data set, on
the other hand, may include a string whose code value is
unknown, or a portion of the extracted value rather than
the entire code. For example, Seoul Metropolitan City’s
administrative code is 1100000000’; however, depending
on the institution, only two (‘11) or five (‘11000 digits
may be indicated in front. These values reduce the data’s
accuracy. Two metrics (C,. and A, ) were used to assess
the quality of each dataset: the completeness index (C,,)
refers to the proportion of rows in a specific column that
are non-empty and have meaningful values compatible
with the domain of the column, while the accuracy index
(A,,) indicates the percentage of cells for a specific col-
umn that have values consistent with the administrative
code. The evaluation was conducted in two steps: (1) De-
termine whether the column value of the collected dataset
corresponds to the administrative code value; and (2) re-
evaluate the match by correcting some of the column
values that did not correspond in step 1. Using the results
of the secondary evaluation to ascertain the accuracy, all
matched values were converted to the URI of the knowl-
edge graph.

The completeness scores C,,. are 0.99 and 1 in the first
and second evaluations, respectively, as shown in Table
4. That is, most column values do not have null values or
empty strings. Column C16 of D, has 181 blanks, how-
ever, with a completeness score of 0.85. It includes a zip
code, and the correct value can be added in the second
evaluation through the address column. By contrast, the
average accuracy score A, for the first evaluation was 0.65.
This score was relatively low compared with the complete-
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Table 4. Summary of data column match quality evaluation (the column name is the English translation of the Korean name in the original

data)
1st matched 2nd matched
Matched Matched Matched result result
Datasets columns ratio (%) Columns Name code set
(matched/total) g C. A C. A
D, 6/8 75 C1 Organization type AC241 1 0.25 - 0.25
G2 Organization sub-type AC67 1 0 - 0.31
C3 Representative AC67 1 1
organization name
C4 Full organization names AC67 1 0.64 - 0.87
C5 Subordinate organization AC67 1 0.68 - 0.92
Cé New postal code AC192 1 1
D, 5/15 33 c7 Medical institute name AC67 1 0.24 - 0.72
C8 Name of related AC67 1 0.77 = 0.99
administrative agencies
C9 Related public AC67 1 0.13 - 0.77
organizations
C10 Types AC117 1 0.95 - 0.95
C11 Zip code AC192 1 0.84 - 1
D, 2/14 14 C12 Gender code AC136 1 1
C13 City and province codes AC115 1 1
D, 4/38 13 C14 City and county name AC115 1 1
C15 Name of business status AC314 1 0.5 - 1
C16 Road-name postal code AC192 0.85 0.85 1 1
Cc17 Information of business AC166 1 0 - 0.7
category name
C18 Information of hygiene AC41 1 0 - 0.93
business name
D 4/36 1 C19 Types of parking lots AC227 1 1
C20 Name of management AC67 1 0.05 = 0.97
institution
C21 Provider name AC67 1 1
C22 Provider code AC67 1 0.68 - 1
Average scores 0.99 0.62 1 0.88

For clarity, column names are represented by the combination of the string ‘C’ and the index number.

ness score. In other words, the column value to which the

administrative code is applied does not exactly match the  curacy:
administrative code. Accuracy is verified by applying fin-

gerprints provided by OpenRefine’s Key Collision meth-
ods to verify code values (Carlson & Seely, 2017). The
Key Collision approaches are predicated on the concept of
constructing an alternate representation of a value (“key”)
that contains just the most valuable information. The fol-

lowing inaccuracies can be found in columns with low ac-

o Type I - Unmatched categories (C1, C2, C10, C15,
C17, C18): C1 of D1, C10 of D,, and C17 of D, con-
tain organizational job classifications, hospital types,
and business categories, respectively. C1 contains
novel composite information derived from merging
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categories defined in AC241 with categories found
solely in the dataset. Some categories are matched,
but the AC241 categories are connected with the °\
symbol, or else new categories that are not mapped
at all are generated. The administrative codes for
C10 and C17 are AC117 and AC166, respectively;
however, they also include categories that do not ex-
ist in the administrative codes. Meanwhile, C17 does
not use the administrative code (AC166: beauty in-
dustry), despite the fact that this code exists. Instead,
there is a new value in this column.

Type II - Use of incomplete codes (C4, C5, C20,
C22): AC67 includes comprehensive informa-
tion about administrative agencies. Organization
names, for instance, are given by splitting them
into columns labelled ‘full organization name’ and
‘organization name, respectively. The column ‘full
organization name’ shows all of the organizations
related relationships, and higher- and lower-level
links are separated by spaces. For example, because
the National Archives of Korea are part of the Min-
istry of Public Administration and Security, the full
organization name is written as “The Ministry of
Public Administration and Security National Ar-
chives, while the column ‘organization name’ only
includes the organization name without the higher
affiliated institutions. If the affiliation relationship is
complex, only a portion of the values are taken and
used; hence institutional names in the collected data
set are inconsistently indicated. C22 comprises codes
that are not in the category, and a portion of the
code value is modified and used instead of the entire
code value.

Type III - Composition of complicated information
(C7): In D,, C7 is a combination of administrative
districts and medical institution names. As a result,
the matching rate for the value of AC67 was low
(0.24) in the initial evaluation.

Type IV - Inclusion of special characters (C2, C8,
C9, C18): Some values of C2 and C18 are used by
linking them with the “\_” symbol. C8 and C9 have
detailed parenthetical values of 52 and 192, respec-
tively. C18 employs AC41 with the \_’ symbol as well
as four extended code names (82 rows) that do not
exist in AC41.

Type V - Blank values and error values (C11, C16):
C11 has 35 postal codes expressed as prior address

*https://business.juso.go.kr/addrlink/openApi/apiExprn.do?cPath=99JA
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system values, while C16 has 181 values marked
with blanks.

Data cleaning can be approached in a variety of ways
depending on the type of inaccuracy. Quality improve-
ment is difficult for Type I due to codes that do not exist
in the administrative code, so that data refinement does
not significantly increase accuracy. For example, the ac-
curacy of C1 and C2 is relatively poor, at 0.25 and 0.31
respectively. In the event of such an issue, it is preferable
to register the newly produced or extended code in the
administrative code management system and update the
open data. Types II and III were improved by separating
data values into minimum semantic units and imple-
menting reconciliation services with administrative code
provided by knowledge graphs. For example, all C4 values
are separated by spaces, and values that match the orga-
nization name represented by the knowledge graph are
searched. The knowledge graph depicts the hierarchical
structures and relationships between organizations in
AC67. Through the reconciliation, the separated value
finds a matching value and is linked to the knowledge
graphs entities. By deleting embedded special characters
and whitespaces, Type IV errors can be significantly re-
duced. Finally, for Type V, the value is either blank or con-
tains the preceding address system’s value associated to the
address. First, blanked fields in C11 received the address
value by searching for and entering the hospital name in
the address APL’ C16 addresses include a postal code, a
road name, and a lot number. Cells with no postal code
were added by utilizing the address API to look for the
value of the records street name or lot number address.
The second matching result refers to the refined data. The
completeness score increased from 0.99 to 1, while the
accuracy score increased from 0.62 to 0.88. However, be-
cause administrative codes and other codes and categories
exist in separate datasets, perfect accuracy cannot be guar-
anteed.

4.3. Data Interlinking

Public data can be combined or integrated with other
publicly available data. However, various datasets neces-
sitate the use of common values or standards for integra-
tion. The administrative code knowledge graph is a graph
structure that gives the structure and value of administra-
tive codes as a standard vocabulary, and it may be used to
connect data based on administrative codes included in
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Columns of each dataset

1
AC136 AC314 | | AC166 | | AC41

Columns that uges administratiye codes

)

Common columns that uses administrative codes

Fig. 4. Interlinking between datasets with the administrative codes.

public data.

In the five datasets studied here, 22 columns were
mapped to the administrative codes. Seven codes were
used only in individual datasets, and three codes were
commonly used across datasets. Fig. 4 illustrates the rela-
tionships among the five datasets based on administrative
codes. The established knowledge graph provides a con-
sistent identifier of individual codes, allowing each code to
be used to interlink datasets. Although the column names
(in Korean) defined in datasets are different, the columns
that use the same administrative code are semantically
interlinked by the knowledge graph. Codes commonly
used between different datasets can be used as reference
points for linking them. In particular, AC67 (organization)
is commonly applied to 11 columns. This code can be
widely used for public data. The administrative division
code for C13 of D, and C14 of D, are the same. Addition-
ally, D,, D,, and D, commonly use AC192. For example, if
relevant datasets exist with the administrative codes, use
cases would be extensible.

There is a limit to generalization of the proposed meth-
od based on only five datasets. In the aforementioned ex-
ample, not all datasets can be linked by an administrative
code. However, independently used codes can be used to
link different datasets. By constructing the administra-
tive code as a knowledge graph, the task of individually
verifying and evaluating the values of a dataset can be
significantly reduced, and this can be a starting point for
discovering opportunities for linking datasets. In other
words, the knowledge graph provides a common criterion
for linking various datasets and can present relationships
between datasets in a way that computational algorithms
can understand.

5. DISCUSSION

By converting administrative codes used in govern-
ment administrative affairs into knowledge graphs, this
research presents a strategy for improving the quality of
public data and linking different data with administrative
codes. Because information on administrative codes con-
tained in public data may be lost throughout the process
of disclosure to the private sector, the method suggested
in this study can be used to improve the quality of public
data. However, because public data encompasses informa-
tion from multiple domains and public sectors, it must be
augmented.

» Expansion of codified data: The administrative
codes are governed by law (MOIS, 2017). Classifica-
tion codes that are not registered as administrative
codes, on the other hand, are commonly utilized.
Searching the public data site for ‘classification cod¢
yields around 4,609 datasets, but not all of them
contain administrative codes. The Korean Statistical
Classification is a code system that systematically
categorizes economic activities performed mostly
by businesses based on their commonalities. Other
than for statistical purposes, this code is frequently
used in general administrative and industrial policy
domains, and it is also included in public data: The
Korean Standard Industrial Classification ensures
the accuracy and comparability of industry-related
data, while the Korean Standard Classification of
Occupations is used for classifying and aggregating
occupational information obtained through statisti-
cal censuses and surveys, and the Korean Standard
Classification of Diseases and Causes of Death is
used for classifying diseases and other health prob-
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lems recorded on many types of health and vital re-
cords. Coded data identifies datasets and simplifies
data linking by using common coding. As a result, it
is vital to investigate linking active codes in the pub-
lic and private sectors.

o Consistent updating of disclosed codes: Because ad-
ministrative code was originally developed for gov-
ernment operations, it is difficult to examine code
modifications and new information from the com-
mercial sector in real time. Although administrative
codes included in public data can be universally ac-
cessed via knowledge graphs, it is difficult to provide
exact values for public data containing codes that do
not fit the administrative code registration system.
For instance, new code registration is restricted to
public institutions, making it impossible for public
data users to submit comments. If it is legally diffi-
cult to directly edit or register the code in the private
sector, the provider of public data can consider mod-
ifying the code data and re-opening it by gathering
opinions. On the other hand, it is necessary to check
the association with a categorization system that is
not registered as an administrative code throughout
this process.

o Administrative code system: Administrative codes
are opened in the registration system as Excel files.
While individual codes include codes and code val-
ues, the majority of individual codes are represented
by numbers such as 1, 2, and 3. As a result, code
values cannot be utilized to identify specific codes.
Because the role of administrative codes is growing
more significant and its study is developing, an ad-
equate identification system must be established. On
the other hand, the meaning of the code value offers
only a plain string, which is insufficient to interpret
the meaning. As a result, the code value must be
added and described in full. Because there is no rela-
tionship between individual codes, the method must
be reviewed for thorough expression of the relation-
ship between organizations, subjects, and codes. The
SKOS-based data model suggested in this paper can
serve as a starting point for expressing the link be-
tween administrative codes.

6. CONCLUSION

This paper proposed a method for expressing govern-
mental administrative codes in a machine-readable graph
as well as methods for improving the quality of public
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data. Administrative codes are widely used in government
information systems, and public data disclosed by the
government contain a significant number of administra-
tive codes. Public data contains these codes; however,
most datasets remain obscure due to use of abbreviations
without sufficient metadata. Data users find it difficult to
identify these values within public datasets, thus reducing
the quality of public data and preventing their widespread
use. Furthermore, if code added or changed by the institu-
tion itself is included in public data, determining the ac-
curacy of the code becomes difficult. If government codes
had a standard representation for referencing, this would
be the primary tool for interlinking among various pub-
lic datasets and for improving data quality. Additionally,
the effort required by users to clean up the data could be
minimized.

In this study, 314 administrative codes established by
the Korean government were transformed into a knowl-
edge graph. The proposed ontology model is designed to
represent recent information applied in related laws and
administrative code systems. The vocabulary of the ontol-
ogy model is designed to incorporate administrative code
into a knowledge graph and is extensively repurposed. For
example, code sets and codes are defined by extending
classes from schema.org. According to the evaluation, ap-
proximately 20% of all columns used administrative codes.
When it comes to the quality of public data, accuracy
tends to be lower than completeness. Although the com-
pleteness index was close to 1 in the evaluation results, the
accuracy was relatively low at 0.62. Two reasons for this
can be identified: (1) the code value is either incomplete
or expressed as a string rather than a code; (2) the agency
is using the administrative code by itself, either expand-
ing or changing it. In particular, there is a considerable
amount of research on diagnosing data quality, but there is
a limit to how to refine and improve the actual data. This
study diagnoses data quality and improves it by applying
the constructed knowledge graph. After applying the value
defined in the knowledge graph, the accuracy improved
to 0.88. On the other hand, the knowledge graph can be
applied to semantically connect disparate datasets. In the
five datasets, administrative codes such as AC136 are used
only for D, whereas A67 was used with ten columns in
three datasets. Thus, A67 can serve as a reference between
different datasets, i.e., it can be interpreted that public data
containing government codes share an identifier that can
be linked to each other. The connections between datasets
will increase as the scope of public data is expanded. The
established knowledge graph structurally expresses the
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administrative codes with the latest information in the
administrative code system and semantically defines the
relationships among them.

As public data becomes more open and various data
can be linked to each other, it is critically important to
provide accurate data. Various codes or classification
systems established by government legislation are widely
used in public data. Therefore, it is necessary to represent
the data included in the public data accurately. In particu-
lar, data from the public sector are in high demand by gov-
ernments, companies, and individual citizens. This means
that public data can be linked to various data sources
in the future. Future research must study public data to
include government codes and link them to the created
knowledge graph. To do this, the columns contained in
the open data must be examined and matched to govern-
ment codes. In contrast, in addition to the officially used
government codes, there are classification systems used as
standards by national organizations or private businesses;
therefore, it is vital to assess the inclusion of classification
systems in public data. Specifically, this task is not a one-
time activity, but involves public and private cooperation,
and it is desirable to discuss the vocabulary design of the
knowledge graph and standards for data interlinking to-
gether.
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