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Abstract: Sak Yan Ontology (SYO) models knowledge derived from Thai tattoos in the design of
cultural heritage preservation planning. Ontology Development 101 is a technique of ontology
model creation. The aims of this study are to share the performance of ontology development and
ontology evaluation. The study is specifically focused on validation from domain experts and auto-
mation evaluated using the OOPS! tools (OntOlogy Pitfall Scanner is a tool that helps detect some
of the most common pitfalls appearing when developing ontologies). The results obtained from
OOPS! show that SYO is devoid of critical errors; however, it does have one critical, three important,
and three minor problems. Four of the problems are fixed, whereas the others are continuous. The
combination of automatic and human validation methodologies improves the quality of the ontol-
ogy being modeled. The tools enhance the traditional methodology with quicker, easier, and smaller
amounts of subjective analysis. In conclusion, for the reparation movement, solutions for the above
problems are suggested.

Keywords: Sak Yan ontology; ontology modeling; ontology evaluation; digital humanities; OOPS!

1. Introduction

Yantras have become commonly recognized by Western people attracted to the mys-
terious and pious belief systems of East and Southeast Asia. Yantra is a Sanskrit (Sk) word
meaning, “A tool used for control”. The Association of Southeast Asian Nations (ASEAN)
is a regional grouping that promotes economic, political, and security cooperation among
its 10 members: Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines,
Singapore, Thailand, and Vietnam. Yantras are referred to as the same by the Pali (P) or
as Sak Yan in Thai (Th). From the perspective of Western people, Sak Yan might be con-
sidered a “magic charm”. However, it is quite sophisticated. Sak Yan combines the use of
holy words and a sacred geometry with the magical use of various methods for making
the fine art, skills (handicraft), and knowledge of superpowers natural. The preparation
of Sak Yan is commonly dependent upon the working experience and knowledge of man-
tra (Sk), tantra (Sk), and astrology. In reality, Sak Yan is sometimes called the physical
expression of a mantra [1].

In the East, a yantra tattoo has a superstitious meaning. Its Sanskrit root term means
a “tool” or “weapon.” However, in the Western understanding, a yantra is called a dia-
gram. It appears as a tool symbol and is an automated process such as a machine. Yantras
work through structures and organizations. In the West, yantra symbols are widely used
in geometry. According to tradition, the Eastern concept of “mantrayanism” applies to
religious beliefs such as the Mandara in Tibet. Those who have a talisman tattoo must
show various manners that come out of or are expressed by hand as a symbol called
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“Mujra”. Sak Yan is a field of spirituality as well as astrology, sorcery, and witchcraft. Sak
Yan is a belief that such a tattoo on the skin will help keep the individual safe.

Sak Yan has the power to protect from various dangers and destroy them. Moreover,
some types of tattoos can inspire desirable, attractive, and popular elements. In Thai soci-
ety, a Sak Yan of the Thai people is mostly tattooed as an amulet, particularly for Thai
men. These days, Sak Yan for beauty or charm has also begun to play a role in combination
with belief. However, in Thai society, Sak Yan is seen as an imprint on a talisman. The
motifs are characters, incantations, monks, animals, gods, and religious symbols. In addi-
tion, the process of Sak Yan is complex, depending on the school, and a teacher applies a
tattoo on the skin because Thai society still sees the tattoo as magical. The belief in super-
naturalism has been around for a long time, such as the belief that Sak Yan can withstand
all types of weapons. There is an idea that a “Salika pattern” causes mercy, incredible
popularity, and love from aging people in society. Some also believe that a Sak Yan on
male and female genitals can charm the opposite sex.

In the first period, a Sak Yan tattoo was a belief related to culture and custom, such
as tattoos on the legs. During this period, men had tattoos to indicate their bravery for
acceptance in a society. Afterward, during periods of war, the tattoo culture preferred
soldiers who had to fight their enemies. At the same time, they believed that the tattoo
could protect them from weapons, and the Thai men therefore liked to have tattoos on
their skin because it gave them confidence during battle. At the present time, Thailand’s
tattoo culture only appears in certain areas because, in the era of globalization in Thai
society, belief in the power of tattoos is less than in the past. People have been taught that
tattoos are only art on the body. However, despite fewer people having spiritual beliefs
about tattoos, some groups still believe that tattoos are sacred.

Indeed, ontologies can explain all data collected for realizing a conservation project,
and in the meantime, corroborate on how the described information is perceived. To ap-
propriately process the structure of the ontology, knowledge engineers and domain ex-
perts need to work on them jointly. Highly qualified in ontology representation language
(ontology web language (OWL)), the former informatics experts write programs and man-
age logical coherence. Experts in cultural heritage contribute to the expertise required to
enable the restoration of a historic building from the start of the conservation project to its
future use and maintenance. They are responsible for taking care of the system and check-
ing whether the material is reflective and sensitive.

Formalizing such an understanding involves defining the semantics of the concepts
and paying careful attention to explaining the logical structure in which the semantics
must be expressed. A more comprehensive and broader understanding of the heritage
domain is included in testing both the interpretation of a particular object and the rela-
tionships, physical and conceptual. In a conservation project, such a complex approach
may also deal with the ongoing dialectic between study and interpretation that typifies
the path to knowledge [2].

An ontology is a commonly used tool for explaining the representation of knowledge
[3,4]. The advantages of an ontology contain [5] its interoperability to share common un-
derstanding among people or software agents, it enables the reuse of domain knowledge
and facilitates explicit conventions. Some ontologies of cultural knowledge have been de-
veloped by During et al. Signore, and Szasz et al. [6-9]. However, such ontologies focus
on tangible cultural heritage and are intended to be used as information resources rather
than as tools for information retrieval. Although some ontologies such as a belief ontology
[10], event ontology for the historical domain [11], OARLCAM (An Ontology-based Ap-
proach for Reusing and Learning through Context-aware Annotations Memory) [12], on-
tology for an e-learning recommendation system [13], the cognitive dimension, and course
content modeling [14], and imaginary-being ontology [15] are created through abstract
concept modeling. However, some ontologies use a HOZO ontology editor tool (Hozo is
a Japanese graphical ontology editor specifically created to produce heavy-weight ontol-
ogies and was developed through a partnership between the Department of Knowledge
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Systems (Mizoguchi Laboratory), ISIR-Osaka University, and Enegate Co, Ltd.) [16] and
are created and evaluated by domain experts and application-based evaluation methods.
More significantly, an ontology of the knowledge of yantra has yet to be created.

This paper describes the issue in more depth because it is important for the ontology
modeling creation process. It allows common modeling errors to be evaded and rechecks
the practical quality of the ontology model being created.

As defined in [17], an ontology evaluation refers to the action of checking the practi-
cal quality of an ontology against the settings of a reference. An ontology evaluation con-
tains an ontology validation process and verification activity. An activity is an accom-
plishment to be implemented, including its required input and output information,
whereas a process is a set of ordered activities. The meaning of activity and process are
taken from [17]. The ontology validation process can be separated into an ontology anal-
ysis and reparation. The first activity must be carried out before the latter. An ontology
analysis is used to detect common modeling errors, whereas an ontology reparation is
used to resolve such errors. An ontology verification contains an assessment between the
ontology and the structure of the reference, which is acquired during the ontology re-
quirement conditioning.

In the Ontology Development 101 technique, an evaluation includes four types of
references: competency questions, application-based references, modeling guidelines, and
the expert domain. The second is used with the software application, whereas the first,
third, and fourth types of references are used during the ontology model creation. In this
study, we considered the ontology evaluation between the ontology model creations.
Thus, an application-based reference is applied in the next stage.

The questionnaire of competency is used as mentioned for verification. For the vali-
dation process, Ontology Development 101 [18] suggests three ways to evaluate the per-
formance of an ontology construction, that is, experiment with it during the application,
rectify it with domain experts, or do both. In this study, we designed a framework for
evaluating ontology building by both specialists in the Sak Yan domain and ontology en-
gineering experts. An expert evaluation was applied to the model creation design stage
evaluation.

An automatic ontology evaluation tool, the ontology pitfall scanner! (OOPS!) [19],
was chosen to validate the Sak Yan ontology (SYO) content. It was chosen because of its
capability to execute both an ontology analysis and a reparation. The aims of this paper
are to share the ontology model building and the procedure for evaluating the SYO by
using domain experts and OOPS! This paper is organized as follows: Section 2 describes
the research methodology used for the validation process in SYO, whereas Section 3 de-
scribes the ontology model creation and validation process operation. Section 4 summa-
rizes the results, and Section 5 provides some concluding remarks.

2. Research Methodology

This section briefly explains the activities carried out for the ontology modeling
building and validation process. The ontology diagnosis starts with a rough first pass of
the ontology modeling. It checks whether the ontology content conforms to the principle
of ontology engineering. In this part, the modeling construction is used to evaluate the
ontology during the ontology modeling. The ontology content will be repaired if it does
not conform to the recommendation by the experts. After the manual validation process
is conducted by the experts, the ontology modeling continues with the automatic ap-
proach using the OOPS! tools. Figure 1 shows the validation process for SYO.
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Figure 1. The proposed validation procedure.

3. Implementation

This section discusses the ontology modeling building, analysis, and reparation ac-
tivity implemented by ontology engineers, domain experts, and the OOPS! tools. In Sec-
tion 3.1, the framework for building the modeling of the class hierarchy to conform to
during the analysis is described. Section 3.2 describes the results of SYO after being ana-
lyzed by OOPS! and Section 3.3 describes the reparation for important pitfalls according
to the guidance generated by OOPS!

3.1. Ontology Model Building

An ontology construction is a complicated and generally domain-focused process
that can be promoted using tools. In [20], many ontology building tools are correlated
based on certain functions such as modeling features, restrictions of functions, language
support, web technology support and application, the transformation format, a graph
generated view, inconsistency checking, and multiple user support. It was found that the
Protégé ontology editor tool, which is a platform developed based on Java programming,
is extensible and makes available a plugin environment as a flexible base for a quick pro-
totype creation and application development [21]. Protégé is an open-source framework
and free ontology editor suitable for intelligent system development [22]. Protégé is a tool
that transforms data into an RDF/OWL format (the Resource Description Framework
(RDF) is a framework for representing information in the Web. OWL is an ontology lan-
guage for the Semantic Web with formally defined meaning. In this stage, we used the
Protégé_5.5.0 tool (Protege is an OWL ontology development environment) to construct
an ontology for the knowledge domain. We chose Sak Yan as the topic (Thai tattoos) of
the yantra domain to construct the ontology modeling of future systems. Several stages
are involved in ontology creation [10,15,23]. The first stage is to collect comprehensive
data on the knowledge domain. The second stage is to classify all classes and subclasses
for the ontology to be created. The third stage is to configure the object and data properties
between classes and subclasses. Object properties generally define relationships between
instances or individuals of classes. Data properties define the relations between instances
and values of the data. The domain and range must have properties. The fourth stage is
to configure the domain and range of every property. Commentaries can also be added to
the classes and properties for the domain description. The fifth stage is to generate in-
stances or individuals of classes and configure their data and object properties to assign
relationships between the instances of different classes and subclasses. Finally, the sixth
stage is for consistency checking.

3.1.1. Class and Subclass Creation

In the yantra domain, the principal concept of Sak Yan is considered to construct the
ontology modeling for the system model. The Sak Yan ontology contains several classes
and subclasses, for example, as shown in Figure 2. The root concept comprises classes of
several main topics related to the yantra domain, such as Beliefs, AuspiciousTime, Calen-
dar, Disciple, Equipment, Herbs, ImaginaryBeings, Languages, Liquid, Motives, Objec-
tives, Patterns, Procedure, Prohibition, Properties, Ritual, SacredThing, Sakyan, Schools,
Status, SurfaceArea, Tattoo, Type, and Yantras. These classes have several subclasses that
act as their inheritance. For example, the Objectives class has the seven subclasses To-
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Charm, ToFashion, ToGainCharisma, Toldentity, ToMaturity, ToRemember, and ToThe-
WayOfLiving. ToCharm has two subclasses, i.e., ToAttractiveness and ToLovingKindness
(Figure 3).
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Figure 2. Classes and subclasses of Sak Yan ontology.

3.1.2. Object and Data Property Identification

Figures 3-5 show the properties of different classes and subclasses. Many object
properties that define the relationship between instances or individuals of classes have
been configured. Some of the object properties are Affiliation, hasBelief, hasComponents,
hasDateOfCalendar, hasDisciple, hasLanguage, hasMotives, hasObjectives, hasPartOf,
hasProdecure, hasProhibition, hasProperties, hasStampArea, hasStatus, hasType, and
hasYantras (Figure 4). The data properties are the address, details, eng_name, isAffilia-
tion, isAuspiciousTime, local_name, meaning, month, name, pictures, properties, rector,
and thai_month (Figure 5). All properties have domain and range, which need to be con-
figured to create an ontology. For example, the hasPartOf object property has the domain
Sakyan and ranges Ritual, Schools, YantrasNonObject, SurfaceArea, Objectives, Sacred-
Scripts, Type, and Tattoo (Figure 4).
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Figure 3. Object properties of Sak Yan ontology.
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3.1.3. Individual or Instance Creation

Individuals act as instances of classes and subclasses. Through individuals (in-
stances), relationships are designed between all entities of the respective ontology. All
individuals are an instance of a Sak Yan ontology (Figure 6). Similarly, all individuals are
configured for all classes and subclasses. Each class has many memberships that act as
their instances. For example, the Sak Yan class includes 14 individuals: Butterflies, Chat-
Phet, Dragon, Eagle, Eight_ Directions, Five_Rows, Flower, Gao_Yor, Lizard, Neck-
laceYantra, Nine_Top, Nude, Soros_Mongkol, and Tiger_Turn_Back.

Results for P08: Missing annotations.

Results for P11: Missing domain or range in properties.

Results for P13: Inverse relationships not explicitly declared.
Results for P19: Defining multiple domains or ranges in properties.
Results for P22: Using different naming conventions in the ontology.
Results for P30: Equivalent classes not explicitly declared.

Results for P41: No license declared.

Figure 6. An excerpt from the critical pitfall.

118 cases | Minor

2 cases | Important ©
16 cases | Minor

2 cases | Critical @
ontology™® | Minor

1 case | Important ©

ontology™ | Important
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3.1.4. Consistency Checking

Protégé offers the reasoner a way to verify the consistency of the created ontology. It
can start the reasoning and after a consistency check, it can stop the reasoning.

3.2. Evaluation by OOPS!

The analysis results obtained from OOPS! were manually revised in this subsection.
The modeling error(s) are categorized into three degrees: critical, important, and minor.
These specify the significance of the errors that occur. The first two degrees must be ad-
justed. Priority is given to the critical degree. The last degree is not necessary to deal with
because it is not a problem; however, by doing so, it will improve the ontology’s perfor-
mance. Figure 6 shows the validation results for the SYO. It attains one critical, three im-
portant, and three minor pitfalls. First, the critical pitfall is discussed. The reparation rec-
ommendations are taken exactly [24].

Figure 7 shows a critical pitfall, that is, P19: defining multiple domains or ranges in
the properties. The domain or range (or both) of a property (relationships and attributes)
is defined by stating more than one rdfs:domain or rdfs:range statement. In OWL, multi-
ple rdfs:domain or rdfs:range axioms are allowed, but they are interpreted as conjunc-
tions; therefore, they are equivalent to the construct owl:intersectionOf. In fact, the object
properties are reusable and shareable among classes within the ontology. Thus, no repa-
ration actions are needed, and this pitfall is continued in SYO.

Results for P19: Defining multiple domains or ranges in properties. 2 cases | Critical ©

The domain or range (or both) of a property (relationships and attributes) is defined by stating more than one rdfs:domain or
rdfs:range statements. In OWL multiple rdfs:domain or rdfs:range axioms are allowed, but they are interpreted as conjunction, being,
therefore, eguivalent to the construct owl:intersectionOf. This pitfall is related to the common error that appears when defining
domains and ranges described in [7].

® This pitfall appears in the following elements:
yw.dh.kku.ac.th/sakyan.owl#hasPartOf

yw.dh.kku.ac.th/sakyan.owl#hasProperties
Figure 7. An excerpt from the critical pitfall.

Figure 8 shows an excerpt of the first important pitfall, that is, P11: Missing domain
or range in properties. Two cases were discovered for this pitfall because they represented
two object properties without the domain and range. Ontology Development 101 provides
guidance regarding the facets of this property. The reparation recommendation by OOPS!
is to expose properties with domain and range constraints for a complete meaning. By
contrast, scholars [25-27] recommended against the necessity of identifying the domains
and ranges of the properties. They do not act as constraints to be checked; instead, they
are axioms for reasoning. This may cause two possibilities, that is, unanticipated classifi-
cation results, where the classes are forced to be subsumed by another class, or unsatisfi-
able constraints among classes. This condition can be more challenging in significantly
large and complicated ontologies. In OWL, the consequence of the range and domain con-
straints as axioms is a typical problem [25,27]. In SYO, the domain and range of the prop-
erties are fixed to avoid the above problems. Thus, two classes of accomplishments were
carried out for this pitfall.

Results for P11: Missing domain or range in properties. 2 cases | Important
Object and/or datatype properties without domain or range (or none of them) are included in the ontology.

» Thiz pitfall appears in the following elements:

ffwww.dh.kku.ac.th/sakyan.owl#hasComponents
> http:/fwww.dh.kku.ac.th/sakyan.owl#hasBelief
s Tip: Solving this pitfall may lead to new results for other pitfalls and suggestions. We encourage you to solve all cases when needed

and see what else you can get from QOPS!

Figure 8. An excerpt from the important pitfall.
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Figure 9 shows the second important pitfall, that is, P30: Equivalent classes not ex-
plicitly declared. OOPS! discovered one pair of classes that hypothetically had an equal
class between them. They were identified because of the doubled classes that exist among
them. In Ontology Development 101, the guidance regarding this material falls under the
synonym class. Synonyms for the equivalent concept do not represent dissimilar classes.

Results for P30: Equivalent classes not explicitly declared. 1 case | Important

This pitfall consists in missing the definition of egquivalent claszes (owl:equivalentClass) in case of duplicated concepts. When an
ontology reuses terms from other ontologies, classes that have the same meaning should be defined as equivalent in order to benefit
the interoperability between both ontologies.

* The following classes might be equivalent:
= http://www.dh.kku.ac.th/sakyan.owl#Character, http://www.dh.kku.ac.th/sakyan.owl=Type

Figure 9. Equivalent classes not explicitly declared.

OOPS! provides two reparation recommendations, one for altered namespace and
one for equivalent namespace. The SYO uses the namespace because it does not import or
integrate with any existing domain ontologies. Thus, the reparation recommendation was
to detract one of them and assign its label annotation properties to the remaining class.

However, in the SYO, this pitfall emerged owing to the type of Sak Yan classification
found in the real world. For example, the character and numeric groups are an alphabet;
thus, Character and Numeric are subclasses of the Alphabet class. Thus, no reparation
actions are needed, and this pitfall is continued in SYO.

P41: No license declared is the last important pitfall in SYO, as shown in Figure 10.
The pitfall alerts the ontology metadata feature, which does not have any guidance in
Ontology Development 101. The reparation recommendation by OOPS! was to contain a
declaration containing the license information using any of the following properties:
dcrights, dcterms:rights, dcterms:license, cc:licenseor, and xhv:license. This action will be
discussed further in the ontology reparation section below.

Results for P41: No license declared. ontology™ | Important

The ontology metadata omits information about the license that applies to the ontology.

 This pitfall appears in the following elements:;
> It has no licence defined

Figure 10. No license declared.

The fourth pitfall is P08: Missing annotations. The description of this pitfall was that,
in creating an ontology element, human-readable annotations were not attached to it.

The reparation recommendation contains label annotation properties (rdfs:label) and
description annotation properties (rdfs:comment). These are the two most commonly
used annotation properties in addition to owl:versionInfo [28]. This pitfall will be fixed
for further reuse.

P13: Inverse relationships not explicitly declared is the second minor pitfall.

This pitfall occurs when any relationship does not have an inverse relationship
(owlinverseOf) defined within the ontology. OOPS! lists all of the object properties in
SYO that do not have an inverse relationship (see Figure 5). Ontology Development 101
provides guidance on inverse relationships. Reference [26] specifies that the requirement
of the inverse properties is desired for comprehensiveness. This is because all relation-
ships, apart from the symmetric ones, could have an inverse relationship in the standard
[24]. The inverse relationships for the object properties will be identified in future tasks.

The final minor pitfall is P22: Using different naming conventions in the ontology.
For this pitfall, ontology elements are not named according to the same convention (for
example, thai_month or use of delimiters such as “-” or “_"). Because this pitfall is useful
to the ontology universally, no particular elements were given. Ontology Development
101 provides guidance on naming conventions. It emphasizes consistency with the chosen
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naming conventions. The advantages of consistency assist in evading modeling errors and
improving the readability and the simplicity of understanding the ontology. In SYO, the
naming convention adherence for the class and individual names are capitalized, whereas
the property name has no capitalization. The pitfall occurs in the object property name in
which the current researcher fortuitously allocated one of them with a capital letter, that
is, IsAuspiciousTime. It likely should be written as isAuspiciousTime. Because the pitfall
was quite easy to repair, renaming was executed directly.

3.3. Ontology Reparation Activity

The Dublin Core Metadata Initiative (http://dublincore.org) is a metadata standard
for a wide range of resources, including physical resources such as documents and art-
work, and digital resources such as images, videos, and web pages. The annotation prop-
erty suitable for a license is the rights, which is defined as the information about rights
held in and over the resource. It can be used with DC: (http://purl.org/dc/elements/1.1/)
and dcterms: (http://purl.org/dc/terms/) namespaces. Another property of Dublin Core
that is related to intellectual property license is a license (a legal document giving official
permission to do something with the resource). This property gives rise to creative com-
mon metadata (http://creativecommons.org/ns#), that is, cc:license. Apart from the Dublin
Core vocabulary, XHTML vocabulary also provides license property
(https://www.w3.0rg/1999/xhtml/vocab) with the namespace of xhv:.

It is essential for a scholar to define the most suitable license. A study by [29] catego-
rized the most common data license according to its restrictiveness. Among the types of
licenses are the public domain, attribution, share-alike, with restrictions, closed, and other.
Because the determination of ontology visualization is reusable domain knowledge, the
open license is supposed to be the most significant for its rights declaration [29]. It is also
similar to the attribution license. The Commons Attribution License (CC BY) is the most
popular license used [30,31].

In Protégé, the metadata annotations are under the ontology header view. The inter-
face of the metadata annotations tab is shown in Figure 11, where the ontology license is
declared. The establishment for the license declaration of SYO was taken from dcterms:li-
cense and given to the CC BY license.

Active antology = | Entities = | Individuals by class = | OWLViz = | DL Query = | Individual Hierarchy Tab = | Ontop Mappings =

Ontology header: E M HEm X

Ontology IRI http:/iwww.dhrg.huso-kku.orglontology/sakyan
Onteology Version IRI httpifwww.dhrg.hus o-kku.orglontology/sakyan/1.0

Annotations
browsingUl  [type xsd dateTime]
2020-06-01T10:00:00

browsingUl  [type: xsd:anyURI]
httpiwww. dhrg. huso-kku.orgfontologyisakyan

determsicreator  [type: xsd:string]
Digital Humanities Research Group (DHRG KKU)

determs:creator  [type: xsd:string]

Khon Kaen University

determs:creator  [type: xsd:string]

Figure 11. License declaration.

To check whether the fixing activity was executed appropriately, the ontology had to
be reexamined. OOPS! also suggests a reexamination because it enables the detection of
concealed errors. Figure 12 shows that the SYO is able to repair the pitfall (P41) that is
unlisted in the evaluation result. It also shows that another pitfall is being fixed (P11, P19),
which is also unlisted as the modeling error in SYO.
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Results for P08: Missing annotations. 118 cases | Minor
Results for P13: Inverse relationships not explicitly declared. 16 cases | Minor
Results for P22: Using different naming conventions in the ontology. ontology® | Minor
Results for P30: Equivalent classes not explicitly declared. 1 case | Important

Figure 12. Reevaluation result after reparation activity.

3.4. Evaluation by Experts

Based on the desired guidelines in the evaluation of the ontology, a generic evalua-
tion framework was developed. In this section, the experts were divided into two parts
for evaluation [10]: experts in the yantra domain and knowledge engineers.

A snowball technique was used to seek both domain experts and ontology engineers
[32], which first specified one expert and then used these experts to explore another expert
until the conditions had been successful. With this technique, we assured no bias from the
expert allotment procedure.

The conditions involved two characteristics. The first characteristic was the evalua-
tion of ontology formal structures, for example, its consistency, well-formedness, and
completeness of definitions, according to the standards given by Gomez-Perez [33,34].
The second characteristic was the usefulness and adoption of the ontology. This part aims
at the statement “how appropriate it is for the task it was generated for” and “how fit it
symbolizes the domain of awareness.” The approaches and conditions for the SYO ontol-
ogy evaluation are as follows:

e Arrange for an inquiry form for ontology evaluation by humans—It is necessary to
validate and certify the ontology in an evaluation by humans. We planned an inquiry
form by considering three dimensions:

1. evaluator basic information;

2. knowledge, structure, and representation in a variety of dimensions, such as
scope, concept class, properties, instance, and reusability potential for future de-
velopment and application;

3. open-ended questions for recommendation.

e  Arrange for evaluation by the evaluator by assigning responsibility to each group.

1. Knowledge engineers—to verify a comprehensive ontology scheme for com-
puter system agents and ontological mechanisms.

2. Specialists in the yantra domain—to prove and certify correctness, consistency,
properties, and hierarchical relations among concepts in ontology.

The evaluation considered the ontology quality by representation based on semiotic
theory [35], taking some metrics into consideration for evaluating the syntactic, semantic,
and pragmatic facet of ontology quality. With these conditions and situation, the ontology
was evaluated by three experts in the yantra domain and three knowledge engineers (Fig-
ure 13).
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Evaluation of Sak Yan Ontology Results
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Figure 13. Evaluation of Sak Yan (SYO) ontology results by experts.

4. Results and Discussion

The conclusions attained by SYO were without any critical pitfalls. This showed that
the ontology model building assisted the knowledge engineers to model the ontology in
a systematic method. Pitfalls can be classified into two categories: continuing and fixed.
The first category is usually due to real-world causes. Because an ontology is a represen-
tation of the real world, it must replicate this. The pitfalls under this category were P30
and P02. By contrast, the continuing pitfall, P11, was due to an OOPS! Limitation, and the
manuals outlined by other scholars. Not all pitfalls in OOPS! are measured as realistic
errors. They depend on the scheme decision or requirements. This shows that OOPS! is
not the only tool for an ontology evaluation.

P41, P08, and P22 are insidious under the reparation category. The activity started
with the easiest pitfall to be fixed, which was P22, followed by the degree of importance.
Thus, P41 became the second pitfall to be fixed. The other two continuing pitfalls were
taken as future work. Three pitfalls, namely P13, P19, and P22, occurred owing to the in-
accuracy made by the current scholars. Ontology Development 101 provided the proce-
dures; however, they were passed over. Here, P41 and P08 occurred because the current
scholars did not have any knowledge about them because Ontology Development 101 did
not provide any procedures concerning them. Both pitfalls were related to the ontology
annotation, which started to gain attention from the community in 2005 [36], whereas On-
tology Development 101 was published in 2001.

The OOPS! tool has an important role in confirming that the ontology is free from the
common pitfalls by double checking the modeling procedure provided by Ontology De-
velopment 101. For example, it supports the latest common modeling errors that are not
listed in Ontology Development 101, such as the annotation issue. The main benefit of
OOPS! is the repair recommendation. This shows how the ontology component can be
repaired to develop the ontology methodological quality. In SYO, the evaluation out-
comes from OOPS! enhanced the inferencing, sympathetic, visibility, and metadata as-
pects. However, OOPS! has a constraint, i.e., it still needs to be revised manually in some
pitfalls.

5. Conclusions

This paper presented approaches, ontology modeling construction, and an ontology
evaluation by manual and automatic methods, that is, creating an ontology by knowledge
engineering, a human ontology evaluation, and OOPS! for validating SYO. The ontology
consisted of 150 concepts from a thesaurus and was extended with data particular to cul-
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tural heritage resources, with 700 axioms, 90 classes, 16 object properties, 13 data proper-
ties, and 31 individuals. Its contributions include mapping the structure of reference to
Ontology Development 101 onto the sub-activities in an ontology evaluation and their
suitable time for evaluation. It also proposes a validation process by combining manual
and automatic methodologies. In addition, it demonstrates how to resolve important pit-
falls based on its recommendations. In conclusion, it generates a better quality of Sak Yan
ontology. For future studies, apart from the repair activity for the two remaining pitfalls
(P08 and P13), SYO will be developed with semantic search and linked with open data to
support knowledge sharing and reuse.

This paper presented an information model for supporting the representation of
knowledge in cultural heritage conservation processes. At its core, the suggested model
has an ontology-based representation of the knowledge collected. While ontologies have
only been used to model data and knowledge on very narrow disciplines and cultural
heritage aspects, this study presents a broader model that focuses on the entire yantra
domain and its development process. Although many class declarations have been incor-
porated into the model, they are related to a new framework that matches the conserva-
tion process logic structure to be easily managed by a conservation professional. The use
of ontology and its integration with a knowledge modeling environment enables the
structured formalization of direct and indirect knowledge necessary to fully understand
cultural heritage to be homogeneous, accessible, and computable.

The proposed ontology, which focuses on the entire validation process, can be con-
figured to serve as a supporting guide for conservation practice information and
knowledge management, particularly within the relevant institutions.

From this perspective, the research presented here opens up new possibilities for fur-
ther research on the use of ontology to support the conservation process of local wisdom,
and in particular, the phases of preliminary planning and conservation design.
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