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Abstract:

The purpose of this article is to analyze semantic relations based on graph-independent
structural analysis in VocBench. The mix-method of deductive and inductive approach is
adapted in operating the research methodology, especially for data collection. The research data
are structural domains of semantic relations in ontologies. The data resource is the authoritative
agricultural ontology, VocBench, that has been originated by Food and Agricultural
organization (FAO), United Nation. VocBench includes around 40000 concepts. The sample
size is around 1500 concepts. Sampling technique used is the stratified random sampling. The
data analysis results are employed in the SPSS and Excel software using descriptive and
proportional analysis. The research results reveal that the taxonomic relations cover a wide area
in VocBench. Moreover, the overloading was not seen in the usage of non-taxonomic relations.
The high frequency in the usage of the semantic relations’ output might be implied the
possibility of the width (i.e., exhaustivity) in semantic network in VocBench.
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1. Introduction

The structural dimensions are represented as a graph in ontology evaluation [1] based on
Conceptual Graph (CG) [2] or Conceptual Graph Theory [3]. Graphs are labeled with two types
of nodes, subject and object nodes [4], that are concepts and conceptual relations [3] underlying
graph structure [5, 6] or ontology-graph structure [7, 8] or graph-based ontology representation
[9]. In this case, structural analyses are limited to the analysis of ontology structure with respect
to the graph-dependent approach. The graph-dependent approach could not be the only approach
in evaluating the structure of ontologies. Thus, there is the lack of a novel branch in structural
analysis based on the graph-independent approach. This novel branch in structural analysis which
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is called OntoAbsolute [10] should be supported by theoretical notions [11] to precisely show a

whole picture about the graph-independent structural domains. OntoAbsolute, in fact, presents a
quantitative evaluation methods and measures to evaluate structural domains.

This article attempts to operate this novel branch in analyzing the graph-independent structural
domains with regarding to semantic relations. The purpose of this article, in fact, is to analyze
semantic relations based on graph-independent structural analysis in VocBench. The mix-method
of deductive and inductive approach is adapted in operating the research methodology, especially
for data collection. The data resource is the authoritative agricultural ontology which is VocBench
that was originated by Food and Agricultural organization (FAO), United Nation. VocBench
includes around 40000 concepts. Sample size for 40000 concepts with 95% confidence interval
within plus or minus 2.5% is around 1500 concepts based on Krejcie and Morgan [12]. The
sampling technique used was stratified random sampling. The data analysis results were employed
in the SPSS (release 19.0) and Excel software to extract proportional and descriptive statistics.

Data analysis is divided into two main steps based on our approach in research methodology,
deductive and inductive approach in analyzing semantic relations in VocBench. Firstly, we began
to recognize structural domains in ontologies. This recognition results in identifying research data,
proposing novel indices, reaching general knowledge, answering the research questions one and
two based on deductive approach. When the structural domain has been identified via our
deductive approach, the second step will be started in answering research questions three to five
in achieving specific and depth knowledge in identifying the domains of the various kinds of
semantic relations. Consequently, data analysis has two main steps to answer the research
questions in the form of the deductive approach and inductive approach in identifying graph-
independent structural domains in semantic relations in VocBench.

As stated previously, the research purpose in this article is to analyze semantic relations based on
graph-independent structural analysis in VocBench. This main purpose can be divided in to the
following objectives:
e To understand the semantic network integration in identifying the domain of taxonomic
relations in ontologies.
e To examine the association between concepts in clarifying the domain of non-taxonomic
relations in ontologies.
e To measure the amount of the various kinds of semantic relations
e To compare between the domains of taxonomic and non-taxonomic relations’ input and
output.
e To compare between the domains of semantic relations’ input and output.

1.1. Research Questions

This research comprises of five research questions which will be answered during the process of
proportional analysis and descriptive analysis. These questions can be divided into two separate
groups. The first group of questions (i.e., questions 1 and 2) is related to analysis of the semantic
relations via proportional analysis based on deductive approach. The second group (i.e., questions
3 to 5) covers the questions which are closely related to the investigation on analyzing semantic
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relations through descriptive analysis based on inductive approach. The research questions are
listed below:
1) What can we understand from investigating the semantic network integration in identifying
the domain of taxonomic relations in ontologies?
2) What could we recognize by examining the association between concepts in clarifying the
domain of non-taxonomic relations in ontologies?
3) What can we detect in measuring the amount of the various kinds of semantic relations?
4) What can we realize by comparing between the domains of taxonomic and non-taxonomic
relations’ input and output?
5) What can we recognize in comparing between the domains of semantic relations’ input and
output?

1.2. Ontology Evaluation Dimensions

Ontology evaluation is the imperative issue in the field of ontology engineering [13]. In this sense,
we can identify three main types of approaches on issues in ontology evaluation: structural,
functional, and usability issues [1]. The most of the literature on ontology evaluation have covered
the function and usability of ontologies, instead of structural analysis [14]. In spite of the limited
application of structural analysis in the process of ontology evaluation, the structural analysis plays
a vital position in evaluating ontology structure [15, 16] to identify the structure of concepts [17]
and in terms of the relationships among concepts [18] where entities are represented as nodes [19].

The structural dimensions are represented as a graph in ontology evaluation [1] based on
Conceptual Graph (CG) [2] or Conceptual Graph Theory [3]. Graphs are labeled with two types
of nodes that are concepts relation nodes [3]. This idea has been further developed by Sowa [20,
21] and have been more formalized by Chein and Mugnier [22] and Corbett [23, 24]. Moreover,
ontology evaluators have relied on hierarchical taxonomy [25] instead of non-taxonomic relations
with regards to structural analysis [26, 27]. Additionally, the requirement of a theorized method is
necessary [28] to analyze structural domains. Hence, graph-dependent approach is based upon
evaluating ontology structure, specifically in terms of measuring the taxonomic relations as well
as the theoretical soundness required.

1.2.1. Research Gap Regarding to Structural Dimension

Subsequently, structural dimensions are limited to the analysis of ontology structure with respect
to the graph-dependent approach, which rely on taxonomic relations. In this manner, there is a gap
in analyzing the ontology structure. In this case, the graph representation and graph-dependent
approach could not be the only approach in evaluating the structure of ontologies. Thus, there is
the lack of a novel branch in structural analysis based on the graph-independent dimension. This
novel branch in structural analysis which is called OntoAbsolute should be supported by
theoretical notions [11] to precisely show a whole picture about the graph-independent structural
domains based on deductive and inductive approach in developing multiple measures and
observations. OntoAbsolute, in fact, presents a quantitative evaluation methods and measures to
evaluate structural domains.
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1.2.2. ldentification of Graph-Independent Structural Domains

There are some structural domains in ontologies which cannot be involved in the notion of graph
representation. In this case, the specific approach to analyze these structural domains is called the
graph-independent approach which is our dimension in this research. Graph-independent approach
can be comprised of analyzing the structural domains in semantic relations. In this matter,
determining the range of the semantic relations usage leads us to identify the range of the
taxonomic and non-taxonomic relations. It implies that calculating the number of each semantic
relation results in identifying the separate structural domains in semantic relations. In other word,
the number of each semantic relation causes the identification of each specification of semantic
relation. For example, the number of ‘is-a’ as a taxonomic property results in recognizing its range
in ontological semantic relations. ‘is-a’ as a taxonomic property, for example, is equal to 60, and
the number of ‘is source of” as non-taxonomic property is equal to 40. Therefore, the domain of
taxonomic relation is (60 / (60 + 40)) = 0.6. In conclusion, this result means that our ontology has
6 taxonomic relations in every 10 taxonomic and non-taxonomic relations.

2. Research Data

The proposed research method on evaluating structural domains that is based on the graph-
independent approach should be tested in a complex ontology which covers all kinds of structural
domains. In this study, the research data is selected from a complex and authoritative agricultural
ontology which is VocBench. VocBench was produced in form of an ontology from AGROVOC
thesaurus in 2005 [29]. VocBench, in fact, is the newest, latest version [30] and the successor of
AGROVOC Concept Server Workbench (ACSW) to focus on multilingualism, collaboration and
on a structured content validation & publication workflow [31]. ACSW is the re-engineered
version of AGROVOC thesaurus [32, 33]. These vocabulary control tools have been originated by
Food and Agricultural organization (FAO), United Nation [30]. Therefore, the data resource used
is VocBench for examining our proposed method in ontology evaluation in terms of structural
dimensions. The following graph demonstrates the research data in form of the graph-independent
structural evaluation with regard to semantic relations.

Graph-Independent
Structural Domains

l

Semantic Relations

—

Semantic Relations
Taxonomic Relations Non-Taxonomic Relations (In general)

Number of Taxonomic Number of Non- Amount of Semantic
Relations Taxonomic Relations Relations

Taxonomic Taxonomic Non-Taxonomic Non-Taxonomic Semantic Semantic
Relations” Input Relations’ Output Relations Input Relations” Output Relations” Input Relations” Output

Figure 1: Identification of the research data in the graph-independent structural evaluation
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As stated previously, counting the number of semantic relations is the main way to identify the
research data in the structural evaluation of semantic relations. Semantic relation data, in fact,
plays a role as dependent variable or research factor in this investigation. Figure 1 demonstrates
that the semantic relations data can be categorized into three major kinds which are explained in
the following sentences:

2.1. Taxonomic Relations

This kind of the relations demonstrates the hierarchical relations in ontology. For instance, “Plant
products” has sub-concepts like Nuts and Nuts is a sub-concept of Plants products and also Nuts
has sub-concept such as Coconuts. Taxonomic relation can be categorized into three research data
which are explained as fallow:

2.1.1. Number of taxonomic Relations

This research factor can be used in determining the range of taxonomic relations to clarify the
domain of hierarchical relations in an ontology.

2.1.2. Taxonomic Relations Input

This semantic relation conveys that concepts usually receive semantic relations, especially in the
kind of hierarchical relations. These semantic relations play the position of taxonomic relations
input in semantic network in ontologies. Coconuts, for instance, is a sub-concept of Nuts. In this
case, IS _a Sub_Concept as a semantic property plays a role as input (i.e., taxonomic input) to
Coconuts. In this case, Coconuts is linked to Nuts by a taxonomic input and lastly Nuts receives a
taxonomical input from Coconuts.

2.1.3. Taxonomic relations output

This research data play a role in sending or forwarding hierarchical relations from a generic
concept to a specific one. In this case, this research factor are the kind that define a taxonomic
relations output. For example, Nuts has sub_concept of Coconuts. This property (i.e.,
Has_Sub_Concept) is kind of semantic output which is closely related to taxonomic output for
Nuts. In this case, Nuts sends or forwards a semantic property to Coconuts. This semantic property
which is “has sub_concept of” is a kind of hierarchical relation which plays a role a taxonomic
output property.

2.2. Non-Taxonomic Relations
Non-taxonomic relations are the second kind of the research data that play a role as associative

relations. For example, Nuts has products like Nut products. This kind of semantic relations can
be classified into three research data or factor which are explained in the following sections:
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2.2.1. Number of Non-Taxonomic Relations

The range of non-taxonomic relations can be identified via this research factor in clarifying the
usage of associative relations in ontology.

2.2.2. Non-Taxonomic Relations Input

This semantic relation conveys that concepts usually receive semantic relations such as associative
relations. As an example, the associative linkage between concepts is appearance by specific non-
taxonomic properties such as “Product of”. In this case, “Nut products” has the related product
like “Oil crops”. In this manner, ontology users can access to Nut product via “Product of” as a
non-taxonomic property from Oil crops which is a source concept in semantic network. Therefore,
“Product of” plays a role as a non-taxonomic input to Nut product.

2.2.3. Non-Taxonomic Relations Output

This semantic relation implies that a concept usually sends or forwards semantic relations with
regard to associative relations. For example, Nuts has a product such as Nut products. In this
manner, Nuts is a source concept for Nut products. Here, the related property is “Has product”
which can demonstrate the non-taxonomic relations. Accordingly, “Has product” as a property
plays a role as an output for Nuts to send and forward a semantic property to Nut products. In this
case, Nuts cover a non-taxonomic output in form of a specific property such as “Has product” 10
link with Nut products.

2.3. Semantic Relations

This kind of the semantic relation data prepare a cumulative and comprehensive perspective about
semantic relations. It means that this research data, in general, comprises of the various kinds of
taxonomic and non-taxonomic relations. There are three kinds of the semantic relations in this
research which are explained as fallow:

2.3.1. Semantic Relations Input

The semantic input, in fact, is the sum of the numbers of taxonomic and non-taxonomic input. This
factor covers the semantic relations which concepts have received in semantic network. In this
case, there is an accumulative approach in organizing a comprehensive semantic relation input to
achieve precise information.

2.3.2. Semantic Relation Output
The total numbers of taxonomic and non-taxonomic relations output results in creating this

research data or factor in determining the domains of hierarchical and associative relations which
have the forward or sent semantic properties to the related concepts.
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2.3.3. Amount of Semantic Relations

This research factor includes the total numbers of taxonomic input, taxonomic output, non-
taxonomic input and non-taxonomic output. In other word, this research data is the sum of the
number of the semantic relations input and output. In this case, there is an accumulative approach
in organizing a comprehensive research factor which covers all kinds of taxonomic and non-
taxonomic relations to achieve precise information in clarifying the range of semantic relations in
ontology. This research data, in fact, is the total number of semantic relations in ontology.

3. Data Analysis

As stated previously, this investigation relies on two main approaches, deductive and inductive. In
deductive approach, we benefitted from Immanuel Kant’s knowledge theory [11] in recognizing
structural analysis [34] in ontologies. This recognition results in identifying the research data,
proposing novel indices and reaching general knowledge in answering the research questions
number one and two through proportional analysis. The general knowledge helps us to clarify the
domain of semantic relations with regard to graph-independent structural analysis based on
deductive approach. When the structural domain has been identified via deductive approach, the
inductive step will be started to analyze the graph-independent structural domains through
answering the questions number three to five via descriptive analysis in depth to achieve the
specific knowledge. This kind of knowledge can be involved in approving the results of the
deductive step as well as in achieving cognitive results in evaluating the domains of the semantic
relations in ontology. Consequently, data analysis has two main steps. The first step attempts to
answer the research questions one and two to identify semantic relations domains based on
deductive approach. The second step endeavors to measure the graph-independent structural
domains through answering the research questions three to five via descriptive analysis based on
inductive approach to achieve cognitive results. The following figure shows the data analysis steps
in evaluating graph-independent structural domain in VocBench.

To answer research
Deductive / — b
Approach ) { questions numbers one
d tw
Data andtwo
Analysis —
Steps "
i To measure research
Inductive \ s
A h questions numbers
| APproach three to five

Figure 2: Recognition of research analrysisTstepsr
3.1. Deductive Approach
In this step, we intend to find the appropriate answer the research questions one and two in

analyzing the domain of taxonomic and non-taxonomic relations in VocBench. In this case, these
questions will be answered through identifying the related indicators and testing them by the
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proposed indices in the form of proportional analysis. Therefore, we will reach a general
knowledge about the structural domains of semantic relations through analyzing the research
questions one and two in VocBench and find the answer of our scientific guesses with regards to
the relations between the research factors.

3.1.1. Analysis the Integration in Semantic Network

Identifying integration in semantic network implies on analyzing the hierarchical domain, related
to the content of ontology [35]. In this matter, when the domain of hierarchical relations is
recognized in ontologies, the domain of main or core subject field will be identified as well. Thus
the identification of hierarchical relation and core subject field is directly related to analyzing the
integration in semantic network. Integration can be measured in ontologies by a proposed formula
which is Integration ratio [34]. Subsequently, the domain of taxonomic or hierarchical relations is
measurable via the Integration Ratio.

The Integration ratio measures and calculates the concepts that are linked by taxonomic relations.
The indicators of the Integration ratio are the total number of taxonomic relations and total number
of semantic relations.
a
IR = b
a = the total number of taxonomic relations
b = the total number of semantic relations

The result of measuring taxonomic relations displays that the total number of taxonomic relations
is equal to 5911 and the total number of semantic relations is equal to 7934 in the research
population in VocBench. Thus, the domain of integration in semantic network is equal to 0.74 (i.e.,
5911 /7934 = 0.74). In other words, the domain of taxonomic relations is 74 percent in relation to
the total number of the semantic relations in VocBench.

3.1.2. Examining the Association or Non-Taxonomic Relations

The associative or non-taxonomic relations covers associations between pairs of concepts which
are not related hierarchically [36], but are closely related conceptually [37] and a kind of the inter-
semantic relations [35]. The most important role of associative relations is the linkage between
concepts in the same categories (i.e., sibling concepts) or different categories. In contrast, the
overload of this relations result in an increase of valueless relationships in impairing precision
without much improving recall [37]. Therefore, the amount of non-taxonomic relations usage is
the important factor in ontology evaluation.

The domain of non-taxonomic relations can be measured by a proposed formula which is
Relativeness Ratio. The indicators of the Relativeness ratio are the total number of non-taxonomic
relations and total number of semantic relations.

RR =2
b

a = the total number of non — taxonomic relations
b = the total number of semantic relations
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The analysis of the amount of non-taxonomic relations shows that the total number of non-
taxonomic relations is equal to 2023 relationships. In attention to the total number of semantic
relations which is equal 7934, the non-taxonomic domain comes to 0.25 (i.e., 2023/ 7934 = 0.25).
Therefore, non-taxonomic relations cover 25 percent of the total number of semantic relations in
VocBench.

3.2. Inductive Approach

The structural analyses in deductive approach had focused on proportional analysis in answering
the research questions one and two to prepare general knowledge about the domains of the
semantic relations in VocBench. On the contrary, the descriptive statistics in this section identify
the in-depth knowledge in evaluating the structure of the various kinds of the semantic relations
through answering research questions three to five. The related analyses have been derived from
SPSS data, especially the frequency analysis on the structure of semantic relations in VocBench.
Hence, the descriptive approach based on the inductive approach discovers the in-depth knowledge
in identifying structural domains as a complement to the proportional analyses in step one of the
data analysis (i.e., deductive approach in data analyzing).

3.2.1. Frequency of the Usage of the Various Kinds of Semantic Relations
In this section, we intend to present appropriate answers for the third research question in
measuring the amount of the various kinds of semantic relations in VocBench. The following table

demonstrates the results of semantic relations number in VocBench.

Table 1: Demonstration of the number of semantic relations in VocBench

Semantic relations The number of semantic relations
Taxonomic relations input 2032
Taxonomic relations output 3879

Non-Taxonomic relations input 987
Non-Taxonomic relations output | 1036

Taxonomic relations number 5911
Non-Taxonomic relations number | 2023
Semantic relation input 3019
Semantic relation output 4915

Semantic relations Input-Output | 7934

Table 1 presents data by counting the number of the various kinds of semantic relations in
VocBench. At first glance, we can clearly see the differences between the number of the taxonomic
relations input and output as well as semantic relations input and output. The results show that the
number of semantic relations in taxonomic input (i.e., 2032) is less than the taxonomic output (i.e.,
3879). Moreover, the number of semantic relation input (i.e., 3019) is less than semantic relations
output (i.e., 4915). Contrarily, There is equivalence between the numbers of non-taxonomic
relations input (i.e., 3019) and output (i.e., 4915). Therefore, the results of comparison between
two categories (e.g., taxonomic input and output) show that the numbers of the taxonomic and
semantic relations’ output are more than input ones and there is no meaningful differences between
the number of non-taxonomic relations’ input and output.
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3.2.2. Comparison between the Amounts of Semantic Relations

The comparison between the amounts of various semantic relations has been analyzed in
answering the forth research question in the following discussions. As stated previously in the
section of research data, semantic relations is divided into three major groups, taxonomic, non-
taxonomic and semantic relations in analyzing the structural domains in VVocBench. This section
focuses on determining the structural domain of taxonomic and non-taxonomic relations.
Furthermore, each of these groups had been categorized into two partitions for identifying their
roles as semantic input or output. Therefore, taxonomic relations consist of the taxonomic relations
input and output and also non-taxonomic ones include the non-taxonomic input and output. Figure
3 displays the percentages of taxonomic and non-taxonomic relations’ inputs and output in
VVocBench.

Non-Taxonomic
Output, 13%

W

Non-Taxonomic
Input, 12%

Taxonomic
Output, 49%

Taxonomic Input,
26%

Figure 3: Comparison between the numbers of semantic relations in VVocBench

The above figure reveals the domains of semantic relations via counting the numbers of semantic
relations in VocBench. The results observably demonstrate that the amount of taxonomic relations
input is more than the others in VocBench. In this case, the domain of taxonomic output is equal
to 49 percent. In addition, the numbers of taxonomic input (i.e., 26 percent) is more than each of
non-taxonomic input and output, which are 12 and 13 percent respectively. In this case, we can
also see that there is equivalency between the domains of taxonomic input (i.e., 26 percent) and
the total amount of non-taxonomic input and output (i.e., 12 + 13= 25 percent) in another point of
view. On the other hand, there is equivalency between the domains of non-taxonomic input and
output. Therefore, the domain of hierarchical relations is extremely more than associative domains.
This result is already approved by the outcomes of Integration and Relativeness ratios.

3.2.3. Comparison between the Domains of Semantic Relations Input and Output

The results of figure 3 can be summarized in form of semantic input-output in clarifying the
domain and amount of sending and receiving semantic relations in VocBench. When we intend to
compare the number of semantic input and output, the number of semantic relations input should
be calculated by counting the number of taxonomic and non-taxonomic input and follow the same
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way to identify the domain of semantic output via counting the number of taxonomic and non-
taxonomic output. Hence, the clarification of semantic relations domains gives us a cumulative
knowledge in terms of semantic input-output domains. The domains of semantic relations input
and output are presented by counting the numbers of these relations in the following figure:

Semantic Relations
Output
62%

Figure 4: Comparison between the domains of semantic relations input and output in VocBench

Figure 4 shows the domain of semantic relations input and output based on counting the number
of these relations in VVocBench. The outcomes clearly demonstrate that the domain of semantic
relations output is larger than the other one. The semantic output domain, in fact is equal to 62
percent and the domain of semantic relations input covers 38 percent. Thus, when the number of
semantic output is more than input, concepts have sent more semantic relations than received
semantic relations.

4. Discussions

The discussions, in this section is divided into two complement sections: firstly, discusses on the
findings based on the deductive approach which answers the research questions one and two,
secondly, discusses on the findings based on the inductive approach in answering research
questions three to five.

4.1. Deductive Approach

As stated previously, this research uses two main approaches, deductive and inductive. In
deductive approach, we attempt to recognize the domains of semantic relations based on graph-
independent approach through answering research questions one and two. The questions were
analyzed via proportional analysis in identifying the domain of taxonomic and non-taxonomic
relations in VocBench. The related results, in fact, endeavor to identify the domain of semantic
relations in terms of the range of semantic relations in VocBench. In this step, the discussions will
lead us to capture a general knowledge in evaluating structural domains through our deductive
approach.
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4.1.1. Domain of Taxonomic Relations

The first research question is to identify the domain of taxonomic relations to recognize the
integration in the semantic network. In other words, when the domain of taxonomic or hierarchical
relations measures based on its “logically progressive sequence” [37], integration characterizes in
the main or core subject fields in ontology. This integration has been done by a complex
hierarchical structure and many different types of relationships among the concepts [38]. The
hierarchical relations should be established between a pair of concepts when the scope of one of
them falls completely within the scope of the other [39] to depict generic to specific relations [38].
These relations which play as a major factor in improving recall and precision performance shows
levels of superordination (i.e., a class or whole) and subordination (i.e., members or parts) [37].
Moreover, the measure of the taxonomic relations’ usage has a direct effect on the result of
integration in the semantic network [34] which is a basic feature of ontology [37]. Therefore, the
amount of taxonomic relations causes the identification of integration in the main or core subject
fields in ontology and that the increase of integration in ontology results in improving the
performance of IR regard to recall and precision rates.

In this manner, the mentioned question is relating to the counting of the amount of hierarchical
relations in ontologies. Two main factors are entailed in measuring the taxonomic domain: the
total number of taxonomic relations and total number of semantic relations. Proportional technique
was used for recognizing the taxonomic domain through a proposed ratio (i.e., Integration ratio).
The finding reveals that taxonomic domains cover about three-quarters of semantic relations in
VocBench. Consequently, the domain of taxonomic relations as a basic feature consists of a major
part of semantic relations in VVocBench. Thus, the integration of semantic network covers the
dominant domain in ontology and this specification is supposed to increase the IR performance in
VocBench.

4.1.2. Domain of Non-Taxonomic Relations

The second research question is to recognize the domain of non-taxonomic relations in clarifying
the domain of associative relations between concepts. The non-taxonomic relations play a great
role in preparing the associations between pairs of concepts which are not related hierarchically
[39], but are closely related conceptually [37] or semantically [38]. The most important function
of associative relations is the linkage between concepts of the same categories (i.e., sibling
concepts) or different categories. In contrast, the overload of this relations result in increasing
valueless relationships that impairs precision without improving recall [37]. Therefore, the amount
of non-taxonomic relations’ usage is the important factor for recognizing the amount of association
between concepts in the field of ontology evaluation.

The aforementioned research question actually tends to recognize the domain of associative
relation between concepts to explain its specifications in VocBench. This question has been
answered by counting the number of non-taxonomic relations in VocBench. In this manner, there
are two main factors which were pertaining to the measurement of taxonomic domain, the first
identifier is the total number of non-taxonomic relations and the second one is the total number of
semantic relations. The investigation on recognizing associative relations has been handled by
operating a proportional technique. The related formula was proposed in identifying the taxonomic
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domain (i.e., Relativeness ratio). The finding reveals that taxonomic domains cover about three-
quarters of all the semantic relations in VocBench. The results of data analysis demonstrated that
non-taxonomic relations comprise of a quarter of semantic relations in VocBench. Therefore, a
quarter of semantic relations belonged to non-taxonomic relations, that is, one of every four
semantic relation is related to associative relations. This amount has not showed an overloading in
the non-taxonomic relations and this finding is supposed to demonstrate the positive role of non-
taxonomic relations in the performance of IR.

4.2. Inductive Approach

In deductive approach, we recognized graph-independent structural domains with regarding to
semantic relations in VocBench. When the structural domain of semantic relations has been
identified in capturing general knowledge via deductive approach, the inductive step will be started
to prepare specific knowledge in identifying graph-independent structural analysis of semantic
relations in detail. In this sense, this step focused on inductive approach in presenting arguments
related to structural domains of the semantic relations and in the related results which were derived
from answering the research questions three to five through descriptive. The main viewpoints of
descriptive analysis relied on frequency of semantic relations. Therefore, the discussions based on
the inductive approach will start from descriptive statistics in clarifying structural domains of
semantic relations in capturing specific and in-depth knowledge as a complement for the results of
the deductive approach.

The discussion in this section can divided into two main parts which are the discussions on
recognizing the range of the various kinds of taxonomic and non-taxonomic relations as well as
the discussions on the range of semantic relations’ input and output in VocBench.

4.2.1. Analysis on the Range of the Various Kinds of the Semantic Relations

The research findings demonstrated the comparison between the amounts of semantic relations
which can be categorized into four groups; taxonomic relations’ input-output and non-taxonomic
relations’ input-output and semantic relations’ input-output. The results clearly showed that the
amount of taxonomic relations (i.e., includes input and output) covered three-quarter of the total
semantic relations in VocBench and this finding confirmed the results of the first research question.
In this case, half of the total semantic relations belonged to taxonomic outputs while taxonomic
input covered a quarter of semantic relations. On the other hand, non-taxonomic input and output
included a quarter of semantic relations which were divided equally between them. The results of
analyzing the range of non-taxonomic relations approved the finding of the second research
question. Consequently, the core or subject field which can be clarified by taxonomic relations
covers a wide area in VocBench. Moreover, the overloading was not seen in the usage of non-
taxonomic relations because of the amount of their usage in comparison with taxonomic relations.

4.2.2. Analysis on the Range of Semantic Relations Input and Output
The discussions in this section focus on two general kinds of semantic relations which are the

semantic relations input and semantic relations’ output’. Summarized findings revealed that the
amount of semantic output is less than three quarter of the semantic relations which is extremely

Http://www.ijetmr.com©lInternational Journal of Engineering Technologies and Management Research [53]


http://www.ijetmr.com/

[Amirhosseini et. al., Vol.6 (Iss.5): May 2019] ISSN: 2454-1907
DOI: 10.5281/zenodo.2745517

more than semantic input. When concepts, in general, send semantic relations more than they
receive in an ontology, the width of ontology is more than its length. The length of concepts which
can be measured by counting the number of concepts as a criterion [40] is a parameter in evaluation
of specificity and exhaustivity in ontologies [41]. Exhaustivity or breadth [42] provides the
potential for high recall and may loss for precision [37]. Subsequently, the amount of semantic
relations’ output might be demonstrated as the width (i.e., exhaustivity) in semantic network in
VocBench.

5. Conclusion

This research proposed a new method (i.e., OntoAbsolute) in evaluating graph-independent
structural domains in semantic relations in ontologies through using a mix of deductive and
inductive approach. These approaches complete each other in moving from general knowledge to
in-depth knowledge in identifying the domain of semantic relations in VocBench. The results of
the deductive approach, in fact, reasoned for approving the results of deductive approach and acts
as a complement step.

The results of frequency analysis were clearly seen that the amount of taxonomic relations based
on the inductive approach covered three-quarter of the total numbers of semantic relations in
VocBench. This finding confirmed the results of first research question in deductive process.
Furthermore, the results of question two showed that the domain of non-taxonomic relations
included a quarter of semantic relations which this finding was approved by the frequency analysis
in the inductive approach. Moreover, the result of the semantic relation analysis showed that the
amount of semantic output is extremely more than semantic input. This result might be conveyed
the possibility of exhaustivity which results in increasing recall and decreasing precision in
VocBench. Hence, the core or subject field which can be clarified by taxonomic relations covers
a wide area in VocBench. Moreover, the overloading was not seen in the usage of non-taxonomic
relations because of the amount of their usage in comparison with taxonomic relations. This
finding is supposed to demonstrate the positive role of non-taxonomic relations in the performance
of IR. The high frequency in the usage of the semantic relations’ output might be implied as the
width (i.e., exhaustivity) in semantic network in VocBench. However, the identification of
specificity and exhaustivity is not the purposes of this research in identifying graph-independent
domains of semantic relations. This kind of evaluation can operate by operating graph-independent
structural analysis in analyzing the amount of the semantic relations’ input and output in future
researches.
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