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Abstract: Research and explorations about the benefit of Traditional Medicine (TM) Knowledge
are still remained recently. Due to its benefits and widespread ancient practices, the information
contained within the knowledge of traditional medicine has potential to be taken in studies that
support modern healing methods. This research is focused on the evaluation of Traditional
Medicine knowledge ontology which is developed for the purpose to distinctively solve
encountered problems in traditional way which are still in use by native people such as healing
wound, curing diseases, and so on. A quantitative approach is conducted by using reliable
measurement and evaluation methods in order to acquire a valid evaluation result of the ontology.
The result of this research indicates the reliability of the developed ontology in storing provided
knowledge as a knowledge base according to the measurement evaluation and validation.
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1. Introduction

Indigenous knowledge (1K) has been used by indigenous people since a long time ago. This
knowledge helps those people developing their tribe as their culture and way of life are
influenced by environment. Indigenous people live in a group through generations and interact
closely with nature which simultaneously developed knowledge in a particular form that is not
presented in a codified form [1].

The indigenous knowledge has always been a subordinate position to western science
because they have been considered more primitive and lack of scientific evidence [2]. In the
most literature, to make a rational judgment about other knowledge system (e.g. indigenous
knowledge), both of indigenous and western knowledge system is significantly different.
Despite, the IK is useful in many aspects to solve problems. In eastern of Uganda, IK of
traditional medicines and healing methods have been accumulated and transmitted orally from
generation to generation by diverse tribes. Many traditional medicine practitioner or healer lack
of formal education but they are capable of healing patients using sustainable biomedicine and
traditional techniques [3, 4].

Similarly, Nigeria has been encouraging traditional healer by integrating them into the state-
run national health services as health care providers [3]. Another example of successful of
traditional medical practice can be found in Indonesia where they consume jamu as a
complementary and alternative medicine [5]. Clearly, each tribe have their own uniqueness and
the indigenous knowledge has been developed for centuries by people that have survived in
particular geographical area [6]. They believe in the outcomes of their practices even they do not
possess the reason of how such outcomes come about.

Medical knowledges are also found in India. Four tribes are live in isolated area which
practically no organized medical access. Those tribes have a wide IK of utilizing diverse
medicinal plants into native medicines for particular ailments. Based on that situation, the idea
of reducing the cost of curing various disease, by practicing their own treatment method, have
been shared widely among tribe to tribe, member to member [7].

In order to understand about the medical IK itself, ontology has taken into account as an
approach to codify that kind of knowledge [8]. By acknowledging of conceptual relationship and
formal representation of 1K, it is possible to gain a logical perspective from people who require
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accesses to medical IK in the first place. Ontology is a statement about knowledge representation
that provides "explicit conceptualization specifications” [9]. Ontology helps in sharing
knowledge and as a model of knowledge in technology-enhanced learning, training and
knowledge management (e.g. 9, 10, 11).

Unfortunately, because it has syntactic or semantic weaknesses [12], many ontologies are
considered not to have adequate quality [13]. Because the structure and functionality of
ontologies are different, the software quality evaluation model cannot be applied to assess the
quality of an ontology directly [14]. Most ontologies contain a vocabulary that represents the
concepts of a specific domain as classes, attributes as properties of the objects and classes, and
relationships between the classes as relations. Therefore, both qualitative and quantitative
measures are used to assess the relationship between various factors and ontological attributes.
Zhu [14] suggests ways to assess ontologies by evaluating their quality. The metrics are well
defined for the vocabulary, where several parameters are measured quantitatively for qualitative
measurement components. Ontology quality evaluation method approaches can be in the form
of assessment metrics where evaluation of ontology criteria is carried out as a whole until the
individual assessment forms that evaluate ontologies only use a single criterion [15, 16, 17].

Since the traditional knowledge of healing is effective and contains coherency between the
anecdotal reality and the scientific result, this should be supported by a well-structured
knowledge base to guarantee its quality and usefulness. Due to that statement, this research is
conducted to evaluate the quality of developed traditional medicine knowledge ontology by
applying qualitative approach of evaluation and measurement.

2. Literature Review
A. Indigenous Knowledge Perspective in Traditional Medicine

Knowledge has been widely defined by researchers and have various meanings. A definition
of the knowledge itself is selected from Wiig [18] who defined knowledge as the understandings,
and practical know-how that people possess. This knowledge is commonly classified to tacit and
explicit knowledge [19]. Knowledge is possibly being valuable when it is acquired through
reliable methods and those with the knowledge are more trustworthy [20].

Indigenous Knowledge is a particular traditional knowledge which has been developed
within a specific condition by local people in a geographic area [21]. Native people, which
possess the IK of their tribe, realize that the knowledge is changing overtime and they concern
the method of people interacting with one another with the shifting value posed threat to the
spread of indigenous way of life from elders to youth. Whereas, they applied IK as a central to
Indigenous culture and way to relate human with the environment [22].

B. Traditional Medicine Knowledge in OWL Representation

Knowledge of traditional medicine (TM) has been passed through generations from the elders
to the young generation. By the mean of practices and informal documentation, this knowledge
is preserved within the tribe. Since its form has limitation to be represented in traditional way, a
number of approaches has been taken into account to obtain its semantic form [23, 24, 25]. One
of the widely used with respect to Semantic Web form is The World Wide Web Consortium Web
Ontology Language (OWL). Semantic Web was developed as a group of methods and
technologies which allow machines to understand the meaning of information on the World Wide
Web (WWW) and today it is used to represent knowledge about the world. Ontologies generally
describe classes, attributes, individuals, and relations. [26].

Since the former development of ontology has limitation in reusability, Modular Ontology
(OntoMod) offers an easiness with respect to scale manage and reuse [27]. Evaluation of this
modularity of ontology should be taken into account to cater this research objective as a reason
to gain insight for applying improvements.
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C. Ontology Quality of OWL

Evaluating OntoMod with specific ontology topics can be done by differentiate the quality
model of the ontology standard with the results of the verification of the proposed model. This
helps this research in measuring the quality itself by adopting Kumar's OntoMod Evaluation
Standard as a compliance reference which contain formulated, defined, and validated metrics
suite for quality assessment of modular ontology through prototype [27]. The OntoMod metrics
suite is purposed to measure the structural and behavior quality of an ontology. OntoMod Quality
can be measured through several aspects. Those following subsection explain each measurement
components.

1) Size and Appropriateness of module size
The number of entities in a module will represent a measure of modularity ontology. For each
module | M| consists of the sum of the number of class | C |, object properties | OP |, data
properties | DP |, and individual |1|. Thus, the size is computed as follows [28]:
IM| = |C| + |OP| + [DP| + [1]

To ensure the size of an ontology, it is proposed to measure the appropriateness value which
depends on the number of axioms in the module (Ax) and has range between 0 and 1, where the
optimal size has a value of 1. Since its principle to define an ideal of axiom value at 250 for an
ontology, the appropriateness equation is defined

Appropriate (Ax) = - — —cos(Ax 2—50)
2) Cohesion & Coupling
Cohesion means connectivity between entities in a module. To measure cohesion, we use the
following formula which is defined in [27], [28].

SR(cl, c])
Cohesion (M) = Z Z IM|(]M] — flMl >1
CiEM C;eM 1 otherwise

where | M | represents the number of entities in a module and | M | ( | M | -1) states the number
of possible relationships between entities. A farness measure is used to calculate the strength of
the relationship (SR) for each entity.

_r if relations exist between Cj and C;
SR(Ci, Cj) = {farness(i) )
0 otherwise
According to the mentioned formula of cohesion, if the value of cohesion is high then it
shows that connection between entities is high.
On the other hand, Coupling has been defined as a degree of interdependence of a module.
Entities in a module will have a strong relationship if the coupling value is high. To compute the
coupling value, Khan [28] has defined this formula:

LM NEL 0
021 OW MiM; >

0 otherwise
where NELwi v stands for Number of External Link between a module M; and M; in a system.

Coupling(M;) =

3) Complexity Metrics
Understanding the complexity of ontologies can be used to handle large ontologies. The lower
the complexity, the better the quality of the ontology produced. According to Yang [29],
measuring the complexity of an ontology can be done based on the concept & hierarchy of
concepts, ratios, and correlations between links and classes. Complexity metrics of ontology can
be computed through ComplexOnto which is formulated in [27] as following:

ComplexOnto = Y, w; X metric;
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where
metric = {LD,LC,LR,CC}and ¥} w; =1
earn a full weight proportion, it is assigned the weight value for each metric is 0.25 and the
metrici consists of [27]:
i. Link density (LD) is the ratio of number of non-subclass links to the maximum possible

number of links in an ontology where

LD = 'Opchpl, EC is the maximum count of possible links and n stands for the number of

2

class.

ii. Links per concept (LC) is the ratio of total number of links to the number of concepts where
|oP+DP|
LC=——

n
iii. Link richness is defined as the ratio of non-subclass links to the total number of links, where

OP+DP . :
= _10P+DP| and SC is the number of subclass axiom
|OP+|DP|+|SC|

iv. Cyclomatic Complexity (CC) = (JOP| + |DP| + |SC]) — n + 2

4) Behavioral Metrics
The perspective of features contained in the ontology module and influencing behavior can be
used to measure modular ontologies. Behavior of modular ontology can be measured through
relationship and concept coverage, knowledge encapsulation, and depth of subsumption
hierarchy. Concept coverage in this context, which is defined in [27], has a similar definition
with Tartir's Inheritance Richness (IRs(M)) [30] of knowledge distribution within the module of
ontology. Behavior quality (BQ) has dependency with those aspect mentioned, and the attributes
defined as follows [27].

BQ = w; X KnowEncap + w, + IR;(M) + W5 X DIT
where
w; are weights of corresponding behavioral metrics and total sum of weight (w;) is 1
Knowledge encapsulation is the means for ontology modules to hide their detailed

knowledge base and axioms, where
n-114%i;!
J=1"]Ax;|

Knowledge Encapsulation (KnowEncap): 1 —
Inheritance Richness (IRs(M)):

c .
IRg(M) = W , where |[HS(Cy, C,)| represents the number of subclasses.

Depth in Tree/subsumption of hierarchy (DIT) = Max (Y, D|c;|) where is the distance value of
the path from the ith child class of the ontology to Thing (Root) class.

n

5) Reliability
The reliability of the resulting ontology is determined by provenance. Provenance, P, is an
indirect measure obtained as a user-assigned score, where
P= P / Pmax
and p is the rating given by users between 0 and pmax.

3. Methodology

In the process of conducting this research, a framework called Methontology [31] has been
applied in order to set a determined flow of TM Knowledge ontology development see Fig. 1.
Ontology of TM Knowledge has been developed in another phase of this research [32], thus the
focus of this discussion is mainly explain about the evaluation phase with respect to quality
aspect.
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A. Ontology Development

TM knowledge ontology has been developed by using Protégé 5.2.0 in RDF format. The
purpose is to increase the speed of executing query and loading the respective file for processing
purpose [33].

In this paper [32], the TM knowledge ontology is developed by using traditional medical
references from different sources in Indonesia region by adopting an approach from Indians
Ayurvedic method [34]. In addition, this ontology has been developed and has passed the
Methontology in planning and state phase.

Activity States

Specification >| Conceptualization |—»| Formalization

v

Planification 7

|ntegration

Activities ﬁ

Acquiring Knowledge

=| Implementation —>| Maintenance

Documenting
Evaluation

Figure 1. Evaluation in Methontology Framework [32]

B. Ontology Quality Evaluation

Since the quality measurement method for ontology is unclear, a number of methods for
ontology modularization has been proposed recently. The objective of ontology evaluation is to
prove its correctness and quality regarding to certain criteria and objectives [35]. In this research,
we used evaluation and metrics namely OntoMod [27] and Tool for Ontology Module Metrics
(TOMM) [28]. The quality measurement of this ontology allows analysis to identify areas that
need to be improved, the parts that might have problems, and compare several ontologies for
consideration.

TOMM has been validated experimentally to assess modular ontology [27, 28]. TOMM is a
stand-alone Java application and can be downloaded from
http://www.thezfiles.co.za/Modularity/ TOMM.zip. The users of the application can upload an
ontology module or set of related ontology modules. Then, TOMM calculates each metric of that
module. As the result, the dependencies between the metrics of the modules and other
dimensions of the framework can be ultimately revealed. The evaluation criterion of each
parameter is specified within the TOMM experimental evaluation and conformity validation of
OntoMod which help to analyse the result of measurement [27, 28]. Towards the evaluation
phase, we apply the convention of TOMM evaluation metrics criterion stated as follows [28]:
Size, number of axioms, atomic size, intra-module distance, relative intra-module distance,
attribute richness, and inheritance richness are measured on a numerical range.

Relative size, appropriateness, cohesion, encapsulation, coupling, and redundancy are measured
on a 4-point scale of small (0-0.25), medium (0.25-0.5), moderate (0.51-0.75), and large (0.75-
1).
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4. Result Evaluations
A. Acquired Results

A method of evaluation has been applied with respect to the TM Knowledge ontology
through TOMM execution, i.e., by using the intended ontology in RDF format at the first place.
As the result, we obtained the value for each parameter as described in the column of “Basic
TOMM Result” [28] as shown in Table 1. The methods for ontology modules evaluation using
TOMM are started with collecting ontology modules from evaluation files, executing TOMM
metric tools for modules, and presenting statistical result of each module.

Table 1. Result Comparison after Analysis

Basic Improved

Parameters TOMM _|Calculation
No. of classes in ontology [C| 40 40
No. of Object Properties in ontology 73 73
No. of Data Properties in ontology [DP] 27 27
No. of Individual in ontology [I] 427 427
SubClass of Axioms [sc| - 39
Size of ontology [M] 567 567
No. of axioms in ontology 4497 4497
Appropriateness of ontology -1.0 0.000355
Link density (LD) - 0.1282
Links per concept (LC) - 25
Link richness (LR) - 0.719
Cyclomatic Complexity (CC) - 101
ComplexOnto Score (ComplexOnto) - 26.0868
Cohesion of ontology 0.07813 0.07813
Coupling of ontology 0 0
Inheritance richness of ontology (IRs) 3.0 3.0
Depth in subsumption of hierarchy (DIT) - 3.0
Encapsulation of ontology (KnowEncap) 1.00 1.0
Behavior Quality (BQ) - 2.331

Since the Java Application in TOMM has a limitation in providing the required parameters
(i.e. DIT, BQ, etc.) for this evaluation, we attempted to add some improvements for the
calculation in order to produce the expected values.

As the result, we successfully obtained the values that do not exist in the previous basic
TOMM result and fixed the errors. The improved calculation column in Table 1 presents the
acquired value after modifying its Java module and executing the improved TOMM Java
application using ComplexOnto which align to this research objectives. Every representation of
knowledge at a certain level of abstraction is judged by its ability by each ComplexOnto Metrics.
The ontology editor can be used to calculate ComplexOnto Metric values based on independent
variables contained in the structure of ontology graphs built on ontology artifacts.

B. Analysis and Evaluation of The Results
This section’s purpose is to analyse the cause and the reason of the findings in the results and

also to evaluate the suitability between the results and the purpose. Regarding to Table 1, there

are some parameters that need to be discussed for analysis and evaluation of overall result which
refer to Chapter I1.C and is also described in the following explanation.

1. The size of the TM knowledge ontology in the Table 1 is 567. It shows that the value is
larger than the optimal size of software module that had been defined in [36], where the
optimum value is between 200-300. Since the TM knowledge ontology exists in one large
ontology RDF file, it may be read as a single giant module. It brings a big impact when the
ontology is in the state of unavailability since it is not created in a large number of modules.
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2. The appropriateness value, which indicates the defect density. This value is refined and
recalculated using its formal definition from -1.0 to 0.000355. The metrics defined in [35]
has optimum value at 1, where the range is lied between 0 to 1. The huge number of the
value’s size indicates that the appropriateness is very small. In other words, this ontology is
less appropriate according to the defined range.

3. The cohesion and coupling values are measured using the 4-point scale [28]. Basically,
cohesion refers to the level of elements in the module or refers to the interrelationships in the
members' functionality in an object-oriented software’s class. Meanwhile, coupling is
defined as the level of independence between modules: smaller interaction between modules
indicates that the modules are declared as a detached coupling. Conversely, the high value of
coupling is the result of tight interaction between modules. Good quality ontology modules
should have low coupling value. According to Table 1, cohesion has small range where the
interval consist of value between 0 to 0.25 Since those values are not negative and are in a
small range, it can be shown that there are some ontology links that are so uncertain that they
have a weak impact on cohesion and coupling.

4. The complexity of an ontology is measured qualitatively using the metrics defined in [37],
where lower the number of complexities leads more likely to have a better quality of the
ontology. The queries with high complexity need more response time than those with low
complexity. Table 1 shows that the TM knowledge ontology has low rank of complexity due
to its structure which consists of many individuals along with a number of axioms that are
connected between them. Classes in an ontology’s hierarchy with low complexity have more
detailed information and specific and relevance meanings.

5. Evaluation of modular ontology is not enough to be accomplished from the structural point
of view but also from the point of view of each feature that significantly influences its
behaviour. The behavioural quality metrics applied in decreasing order (min. value is 1)
which means that the lower of rank degree indicates a better quality of an ontology’s
behaviour [38]. According to Table 1, the value fall into the BQ = |2,331]. It shows that the
behaviour of the TM knowledge ontology has a high degree of quality. Moreover, this
behaviour is supported by the justification of each component in the BQ. The KnowEncap of
TM knowledge ontology has optimal encapsulated knowledge truth value, which is ranged
between 0 and 1 [38]. The IRs of TM knowledge ontology is measured relatively of the
maximum value of subtree of the schema. This shows that the knowledge within the ontology
is distributed vertically since the IRs value equals to the maximum depth of subclass [38, 39].
Due to that, it also helps us measuring the depth that indicates the potential of its reusability,
analysability, changeability, and testability [40]. Since the value of DIT is 3, where it falls
into the 4th criterion of SQuUaRE range between 2 and 4, it explains that the TM knowledge
ontology is acceptable and has a potential to be reused, analysed, changed, and tested.

5. Future Works

The results of the evaluation show that it is necessary for researchers to enhance the quality
of the TM knowledge ontology in the next development cycle. There is a requirement to separate
the ontology into several modules in order to enable a valid measurement and evaluation of inter-
module distance, independency of a module, and redundancy of duplicate axioms. Moreover,
calculation improvements are also required in the weight tuning and the number of ontology
module evaluated at the same process. The minimization of unusual value gap between the
acquired value and the average experiment value become important in the future in order to thus
the value would have a minimum gap of error and build a better TM knowledge ontology.

6. Conclusion

The TM knowledge ontology is successfully evaluated in accordance to OntoMod and
TOMM measurement and evaluation metrics. The evaluation result shows that the TM
knowledge ontology requires some improvements in order to guarantee the good grade quality
to be a reference of traditional medicine knowledge base.
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