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C hapter II

LITERATURE REVIEW

T h is  s tu d y  is m a in ly  fo c u s e d  ๐ ท using o n to lo g y  to  o rg a n ize  a n d  d e v e lo p  T ha i 

h e rb a l m e d ic in e  k n o w le d g e  te rm in o lo g y . O n to lo g y  m e th o d  h e lp s  to  d e f in e  th e  

te rm s , c o n c e p ts  a rid  h ie ra rc h ic a l re la tio n s h ip s  a m o n g  th e m . O n to lo g y  an d  it 

a p p lic a t io n  a re  d e s c r ib e d  b e lo w .

1 D e fin it io n s  o f  o n to lo g y

2 G e n e ra l o n to lo g y  d e v e lo p m e n t  processes

3 A n  o n to lo g y -b a s e d  h e a lth  in fo rm a tio n  s y s te m  design

4. O n to lo g y  e v a lu a t io n  a p p ro a ch e s

5 O n to lo g y  d e v e lo p m e n t  to o l

6 R e v iew  o f  re la te d  lite ra tu re s

7. D a ta ba se  p e rs p e c tiv e  an d  ro le s  o f  d o m a in  o n to lo g ie s  in d a ta b a s e  

design

8 S e m a n tic  sea rch  s ys te m  a n d  e v a lu a tio n
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1. Definitions o f ontology

O n to lo g y  is th e  c o n c e p t w h ic h  is s e p a ra te ly  id e n t if ie d  b y  d o m a in  users, 

an d  u se d  in a s e lf-c o n ta in e d  w a y  to  c o m m u n ic a te  in fo rm a tio n  . It is a k n o w le d g e  

m o d e l th a t  re p re s e n ts  a s e t o f  c o n c e p ts  w ith in  a d o m a in  a n d  th e  re la tio n s h ip s  

a m o n g  th e s e  c o n c e p ts  (R iano, Real, L o p e z -V a lle rd u , C a m p a n a , &  R e c lin e , 2012). 

O n to lo g y  h e lp  to  d e f in e  a c o m m o n  v o c a b u la ry  se t fo r  re se a rch e rs  w h o  n e e d  to  

share in fo rm a t io n  in a p a r tic u la r  d o m a in . It in c lu d e s  m a c h in e - in te rp re ta b le  d e fin it io n s  

o f  basic c o n c e p ts  in th e  d o m a in  an d  re la t io n s  a m o n g  th e m  (V a d ivu  &  H o p p e r, 2012). 

O n to lo g y  is re c o g n iz e d  as an  im p o r ta n t  t o o l  fo r  c o p in g  w ith  v e ry  g re a t c o m p o u n d  

a n d /o r  m u lt ip le  so u rce s  o f  in fo rm a tio n  a n d  c o n c e p ts  . เท o th e r  w o rd s , o n to lo g y  

re fe rs  to  th e  fo rm a liz a t io n  o f  th e  k n o w le d g e  in a d o m a in . It is an  e x tre m e ly  

im p o r ta n t  t o o l  fo r  th e  o rg a n iza tio n  a n d  c o n te x tu a liz a t io n  o f  k n o w le d g e , p a r t ic u la r ly  

in  w e ll-b o u n d  c o n te x ts  such as s c ie n tif ic  research , o r  w ith in  in d iv id u a l o rg a n iza tio n s  

(B re w s te r &  O 'H ara, 2007). It a lso  p ro v id e s  u n d e rs ta n d in g  o f  th e  s tru c tu re  o f  

in fo rm a tio n , an d , in te ro p e ra b ility  b e tw e e n  d if fe re n t  a p p lic a tio n s  o r  d a ta b a s e  system s. 

เท so m e  cases, o n to lo g y  is use d  to  re fe r s im p ly  to  c o n t ro l le d  te rm in o lo g ie s  (A. c. Yu,

2006).

เท g e n e ra l, o n to lo g ie s  can b e  u se d  fo r  va rio u s  p u rp o s e s  a c c o rd in g  to  (N o y  &  

M cG uinness, 2001):

1) T o  sha re  c o m m o n  u n d e rs ta n d in g  o f  th e  s tru c tu re  o f  in fo rm a tio n  a m o n g  

p e o p le  o r  s o ftw a re  agen ts. T h is  is o n e  o f  th e  m o s t c o m m o n  goa ls  in

d e v e lo p in g  o n to lo g ie s
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2) T o  e n a b le  th e  reu se  o f  d o m a in  k n o w le d g e

3) T o  m a ke  e x p lic it  d o m a in  a s s u m p tio n s

4) T o  m a ke  d o m a in  k n o w le d g e  f ro m  th e  o p e ra t io n a l k n o w le d g e

5) T o  a n a ly z e  d o m a in  k n o w le d g e

6) T o  d o  o n to lo g y -b a s e d  sea rch  sys tem

A cco rd in g  to  (A. c. Yu, 2006) b io m e d ic a l o n to lo g y  is u s e fu l fo r:

Term inology m anagem ent

B ecause o f  th e  c o m p le x ity  o f  m e d ic a l o r  b io lo g ic a l in fo rm a tio n , 

it is d i f f ic u lt  t o  m a n a g e  a h e a lth c a re  in fo rm a tio n  sys te m  fo r  e f fe c t iv e  c o m m u n ic a tio n  

a m o n g  h e a lth c a re  p ro fe ss io n a ls . It re q u ire s  d e e p  ana lys is  a n d  fo rm a l re p re s e n ta tio n  

o f  th e  m e a n in g  o f  te rm s . A d o p tio n  o f  th e  o n to lo g y  a p p ro a c h  h e lp s  to  fa c il ita te  th is  

ta sk  a n d  assures th a t  in fo rm a tio n  w i l l  be  in a fo rm  w h ic h  is u s a b le  b y  c o m p u te rs .

Integration, in te roperab ility  and sharing

เท b io m e d ic in e , th e s e  are im p o r ta n t  fo r  p u rp o se s  o f  th e  

fa c il ita t io n  c o n t in u ity  o f  h e a lth c a re ; in b io lo g ic a l research , it fa c il ita te s  th e  sharing o f  

e x p e r im e n ta l d a ta  a m o n g  researchers.
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Knowledge reuse and decision support

O n to lo g y  is an  a p p lic a t io n  in d e p e n d e n t,  w h ic h  h e lp s  to  

c re a te  k n o w le d g e  bases a n d  can be re u se d  in n e w  sys tem s w ith o u t  a d d it io n a l 

s y s te m  d e v e lo p m e n t

Basic b u ild in g  c o m p o n e n ts  o f  o n to lo g y  in c lu d e : c o n c e p ts  o r classes, 

p ro p e rtie s  o f  e a ch  c o n c e p t  d e scrib ing  va rio u s  fe a tu re s  an d  a ttr ib u te s  o f  c o n c e p ts . 

D e ta ils  o f  a l l  th e s e  o n to lo g y  c o m p o n e n ts  a re  p re s e n te d  as b e lo w .

•  Concepts/closses can re fe r to  w h a t is g e n e ra lly  in re a lity  o r  w h a t  w e  are 

in te re s te d  in

•  Properties are d e ta ils  to  d e s c rib e  e a ch  c o n c e p t

•  Relationships e x p la in  h o w  tw o  te rm s  o r m o re  are re la te d . If th e  re la t io n  

d e sc rib e s  a re la t io n s h ip  a m o n g  tw o  te rm s , it is c a l le d  a s lo t. If th e  

re la t io n s h ip  d e sc rib e s  m o re  th a n  tw o ,  it is c a lle d  fu n c tio n .

•  Axioms are lo g ica l s ta te m e n ts  th a t  a ssu m e d  to  b e  t ru e  w ith o u t  p ro o f

•  Instances re p re s e n t spe c ific  e n tit ie s  f ro m  th e  d o m a in  k n o w le d g e  base 

E x a m p le  o f  o n to lo g y  c o m p o n e n t  in Fig. 1

•  C o n c e p t is Car, Price an d  Brand

•  P ro p e rtie s  o f  Price is a n u m b e r re p re s e n t p rice  o f  cars a n d  B rand is a

n a m e  o f  c a r ’ s b ra n d
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•  R e la tio n s h ip  o f  Car to  Price an d  B rand  a re  hasPrice a n d  hasB rand 

re s p e c tiv e ly

" N
hasPrice--

?i

Price

Cüf Y hasBrand
V .  _ .y  X T

(  Brand ^
SubdassOt/-- - - - -  —  - X  "NSiibclassOf

Ju__/  X
\  Honda y •v Toyota )

Figure 1 E xa m p le  o f  o n to lo g y  c o m p o n e n ts  (E x e rp te d  fro m  P ra k itt ik o rn c h a i, 2007)

2. Ontology development processes

T h e re  a re  va rio u s  m e th o d o lo g ie s  fo r  d e v e lo p in g  an o n to lo g y .  T h e  m o s t 

c o m m o n  m e th o d o lo g y  is d e s c r ib e d  in d e fin in g  c la s s e s /c o n c e p ts  in  o n to lo g y , 

a rrang ing  th e  c la s s /c o n c e p ts  in ta x o n o m ic  h ie ra rch y , d e fin in g  s lo ts  an  d e sc rib in g  

a l lo w e d  v a lu e s  fo r  th e s e  s lo ts  a n d  fillin g  in th e  v a lu e  fo r  s lo ts  o f  in s ta n ce s . D e ta ils  

a re  p re s e n te d  as b e lo w :

2.1 Determine the domain and scope o f the ontology

O n to lo g y  d e v e lo p m e n ts  s ta rt b y  d e te rm in in g  sco p e  b y  a n sw e rin g

s e v e ra l basic  q u e s tio n s :
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•  W h a t is th e  d o m a in  th a t  th e  o n to lo g y  covers?

•  F or w h a t p u rp o s e  a re  w e  go ing to  use th e  o n to lo g y ?

•  For w h a t ty p e  o f  q u e s tio n s  s h o u ld  th e  in fo rm a tio n  in th e  o n to lo g y  p ro v id e  

answ ers?

•  W h o  w i l l  use a n d  m a in ta in  th e  o n to lo g y ?

A ll th e s e  q u e s tio n s  w i l l  h e lp  to  l im it  th e  s c o p e  o f  th e  m o d e l o n to lo g y  

an d  a n sw e rs  ca n  b e  ch a n g e d  d u rin g  th e  d e v e lo p m e n t  p rocess.

2.2 Consider reusing existing ontologies

T his is a s te p  d e s ig n e d  to  e x p lo re  a n d  c h e c k  w h e th e r  s o m e o n e  has 

d o n e  th e  sa m e  k in d  o f  d o m a in  k n o w le d g e . This m ig h t b e  necessa ry  fo r  th e  s ys te m  to  

in te ra c t w i th  o th e r  a p p lic a tio n s  th a t  ha ve  a lre a d y  b e e n  c o m m it te d  to  p a r tic u la r  

o n to lo g ie s  o r  c o n tro lle d  v o c a b u la rie s . O n to lo g y  is in  e le c tro n ic  fo rm  a n d  can  be 

im p o r t  e a s ily  in to  th e  sys te m  users n e e d .

2.3 Enumerate im portant terms in the ontology

T his s te p  lis t re la te d  te rm s  w h ic h  w i l l  b e  u se d  in th e  o n to lo g y , w h a t  

are  th e  p ro p e r tie s  o f  a l l te rm s  a re  o r  w h a t te rm s  n e e d  to  be  e x p la in e d  to  users. 

T hese  d e p e n d  o n  th e  s c o p e  to  th e  o n to lo g y . C o m p re h e n s iv e  lis t o f  te rm s  is v e ry  

im p o r ta n t  in o rd e r  to  re p re s e n t a l l d o m a in  k n o w le d g e  a n d  th e ir  re la tio n s .
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2.4 Define the concepts and the concepts hierarchy

This is th e  s te p  in w h ic h  to  d e fin e  te rm s , c o n c e p ts , p ro p e rtie s , 

ax io m s  a n d  in s ta n ce s . T h e re  are se ve ra l p o s s ib le  a p p ro a ch e s .

A top-dow n  d e v e lo p m e n t  pro cess  starts  w ith  th e  d e f in it io n  o f  th e  

m o s t g e n e ra l c o n c e p ts  in th e  d o m a in  a n d  s u b s e q u e n t s p e c ia liz a tio n  o f  th e  c o n c e p ts .

/ I  bottom -up  d e v e lo p m e n t  p ro cess  s ta rts  w ith  th e  d e f in it io n  o f  th e  

m o s t sp e c ific  c lasses, th e  le aves  o f  th e  h ie ra rch y , w ith  s u b s e q u e n t g ro u p in g  o f  th e s e  

classes in to  m o re  g e n e ra l c o n c e p ts

A com bination  d e v e lo p m e n t  pro cess  is a c o m b in a t io n  o f  th e  to p -  

d o w n  a n d  b o t to m - u p  a p p ro a ch e s . It s ta rts  w ith  d e fin in g  m o re  s a lie n t c o n c e p ts  f irs t 

an d  th e n  g e n e ra lize s  a n d  spe c ia lizes  th e m  a p p ro p r ia te ly .

2.5 Define the properties o f concepts

T o  p ro v id e  m o re  in fo rm a tio n  e x p la in in g  e a ch  c o n c e p t,  th e  d e fin in g  p ro p e rtie s  

o f  c o n c e p ts  is necessary. เท s te p  2.3, th e  c o n c e p ts  h a ve  b e e n  c h o s e n . This s te p  is 

th e  s te p  to  d e te rm in e  w h a t is th e  p ro p e rtie s  o f  each  c o n c e p t  are.

3. An ontology-base health information system design

A n o th e r  o n to lo g y  d e v e lo p m e n t p rocess, A Four Stage Approach fo r  O ntology- 

based H ealth Inform ation System Design (K uz iem sky  &  Lau, 20 10 ) d e sc rib e s  a n d  

illu s tra te s  m e th o d o lo g ic a l stages to  c a p tu re  user k n o w le d g e  in a b io m e d ic in e  area. 

This m e th o d o lo g y  w i l l  be  a p p lie d  in th is  s tu d y  b e ca u se  th e  m e th o d o lo g y  is m o re
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s p e c if ic a lly  s u ite d  to  th e  o n to lo g y  d e v e lo p m e n t  fo r  T ha i h e rb a l m e d ic in e  w h ic h  

is c o n c lu d e d  as o n e  o f  th e  b io m e d ic in e  area. In d e e d , th e  m e th o d  s u p p o r t  

o n to lo g y  b a se d  H e a lth  In fo rm a tio n  S ystem  (HIS) d e v e lo p m e n t  w h ic h  can  be  

c o n fo rm  w ith  th e  o n to lo g y -b a s e d  search  e n g in e  in th is  s tu d y . T h e  fo u r  stages as 

s h o w n  in Fig.2

stiiie
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Figure 2 F ou r stage a p p ro a c h  fo r  o n to lo g y  base  HIS des ign

Stage l-specification and conceptualization

S p e c ific a tio n  id e n tif ie s  th e  p u rp o s e  a n d  s c o p e  o f  o n to lo g y  w h ile  

c o n c e p tu a liz a t io n  p ro v id e s  th e  c o n c e p ts , v o c a b u la ry  a n d  re la t io n s h ip s  fo r  o n to lo g y  

design . T h e re  are tw o  tasks a t th is  stage: Data c o l le c t io n  a n d  d a ta  ana lys is

Data collection

T h e  sp e c ific  d a ta  so u rces  u se d  fo r  a p ro je c t w i l l  va ry  a c c o rd in g  to  th e  s tu d y  

c o n te x t.  T o  id e n t ify  o n to lo g y  sco p e  an d  p u rp o s e  th e re  a re  th re e  goa ls  th e  d a ta  

so u rces  n e e d  to  a c c o m p lis h .

•  T o  be  a b le  to  v a lid a te  c o n c e p ts  a n d  p rocesse s
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•  To incorporate conceptual models and other relevant research 

literature as a meal of liking research and practice

•  The use of historical data such as retrospective patient cases, to 

understand current data collection practices and how that data 

formalized into information and knowledge to be returned to end 

users.

speaks of a method called Participatory Design (PD). PD helps to design a 

product and ensures the usability and utility of the product by engaging end users in 

the design process. It is the way to acquire understanding and to make sense of the 

traditional, tacit and often visible ways people perform their everyday activities. เท 

the HIS, it was used to involve users in information system design: interface, data 

entry and retrieval tools. The main strength of PD is that it provides a means of user 

engagement to obtain a rich perspective on clinical practice. It enables an accurate 

domain knowledge representation in ontology development.

Data analysis

เท the literature, it used Grounded theory (GT) methodology for data analysis 

development. The coding cycle contains three coding: open, axial and selective

coding.

•  Open coding involves the initial examination, comparison, 

conceptualization and categorization of data to establish

concepts and categories
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•  Axial coding refines the concepts and categories and establishes 

connections between them

•  Selective coding establishes the core categories and links the 

different concepts and categories to it

The strength of GT is to code data into concepts and categories to develop a 

theoretical based understanding about the data.

Hybrid grounded theory-partic ipatory design m ethod  (Figure 3) was conceived 

to obtain the data and code it for ontology.

D-ata Collection lïiro u ç h  Participa to !>• 
Design

p*1n Cw&ciy tfarnuyh 
□rounded Theory

- \
4

.*.d’l r rrh* I /
4” ^  V

Cod 03

CfrtokwDes<*tapr»IC»M

Figure 3 Participatory design and ground theory (excerpt from (Kuziemsky & Lau, 2010))

The end product of this stage is textual data that has been coded. 

The selective codes from GT represent the scope of ontology and become the 

starting point for the formalization stage.

Stage 2- F orm a liza tion

The formalization extends the selective codes by developing hierarchies and 

relationships such as IS A and PART_OF relationships for the ontology. The 

formalized ontological models were developed using the Protégé 2000 ontology
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d e v e l o p m e n t  t o o l  ( M u s e n ,  2 0 0 0 )  w i t h  f r a m e s  as t h e  r e p r e s e n t a t io n  la n g u a g e .  

T h is  s ta g e  in v o lv e s  t h e  d e v e l o p m e n t  o f  t h e  d o m a in  o n t o lo g y ,  s u b - o n t o lo g ie s  

a n d  p r o b le m - s o lv in g  a p p r o a c h e s .  D o m a in  o n t o l o g y  a n d  s u b - o n t o lo g ie s  r e p r e s e n t  t h e  

s t r u c t u r e  a n d  r e la t io n s h ip s  o f  t h e  o n t o l o g y  w h i le  p r o b le m - s o lv in g  a p p r o a c h e s  

p r o v id e  s p e c i f ic  s o lu t io n s  t o  d o m a in  p r o b le m s .

Stage3-lmplementation

I m p l e m e n t a t i o n  o f  t h e  o n t o l o g y  a s  a c o m p u t e r - b a s e d  t o o l  i n v o lv e d  

c o n v e r s io n  o f  t h e  o n t o l o g y  a n d  p r o b le m - s o lv in g  a p p r o a c h e s  in t o  a t e c h n ic a l  

a r c h i t e c t u r e .  T h e  d o m a in  k n o w le d g e  a n d  s u b - o n t o lo g ie s  w e r e  im p l e m e n t e d  as 

H e a l t h  I n f o r m a t io n  S y s te m  c o m p o n e n t s  i.e . t h e  d a t a b a s e  s c h e m a ,  d e c is io n  s u p p o r t  

o r  i n f o r m a t io n  r e t r ie v a l  t o o l .  M ic r o s o f t  A c c e s s  w a s  u s e d  t o  d e v e l o p  p r o t o t y p e s  w i t h  

t h e  V is u a l  B a s ic  t o  p r o g r a m  t h e  a d d e d  f u n c t io n a l i t y .  T a s k s  in  t h e  s ta g e  in v o lv e  

c o n v e r t in g  t h e  d o m a in  a n d  s u b - o n t o lo g ie s  i n t o  d a t a b a s e  t a b le s .  T h e  o n t o l o g y  

c o n c e p t s  b e c o m e  t a b le s  in  t h e  d a t a b a s e  t a b le s .  T h e  r e la t io n s h ip s  b e t w e e n  t h e  

o n t o l o g y  c o n c e p t s  a re  i m p l e m e n t e d  as r e la t io n s  b e t w e e n  t h e  v a r io u s  d a t a b le  ta b le s .  

A n o t h e r  t a s k  is  t o  d e v e lo p  u s e r  v ie w s  o f  t h e  c o m p u t e r  b a s e d  t o o ls .  T h is  c o n s is ts  o f  

d e v e lo p in g  t h e  f o r m s ,  r u le s ,  r e p o r t s  a n d  in te r fa c e s  t h a t  e n a b le  u s e rs  t o  in t e r a c t  w i t h  

t h e  s y s te m .  F o r  e x a m p le s ,  t h e  d a ta b a s e  r e la t io n s h ip s  b e c o m e  t h e  b a s is  f o r  a c c e s s  

d a ta  e l e m e n t s  a n d  t h e  p r o b le m - s o lv in g  a p p r o a c h e s  b e c o m e  r u le s ,  q u e r ie s ,  s c r e e n s  

a n d  t h e  m e a n s  o f  n a v ig a t in g  t h r o u g h  t h e  d a ta b a s e  c o n t e n t .

A n  e x a m p le  o f  t h e  i m p l e m e n t  s ta g e  is s h o w n  in  f ig u r e  4 . T h e  c u r r e n t  c a s e  

s u b - o n t o lo g ie s  w e r e  d e v e l o p e d  (a )  f r o m  c u r r e n t  c a s e  o f  p a t ie n t  p a in  a n d  c o n v e r t e d  

in t o  t a b le s  in  t h e  d a ta b a s e  a s  s e e n  in  (b ) .  T h e  u s e r  in t e r f a c e  w a s  d e v e l o p e d  b y  u s in g
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the problem-solving approach, in this case a decision support tool for pain 

management. It is a computer-based tool that provides data entry and the 

display of results.
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Figure 4 (a) sub-ontologies development, (b) database tables implementing the 

ontology, user interface from computer-based tool.lexcerpt from (Kuziemsky & 

Lau, 2010))

Stage 4-ontology evaluation

Ontology evaluation can be divided into two methods: technical evaluation

and user evaluation.
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Technical eva luation

Technical evaluation involves verification and validation of the 

ontology concepts and vocabulary. This can be performed by using qualitative or 

quantitative methods or combinations of both. เท the literature, the qualitative 

evaluation method was completed as part of establishing the GT-PD method. When 

derived ontology concept, GT-PD process allow users to verify ontology concepts.

User eva lua tion

Usability test was employed. This was not a direct evaluation of the 

ontology, it more likely to test of the implementation. The implementation testing 

could be considered as a more relevant evaluation form a HIS perspective. The 

reasons are clinicians do no concern on correctness or other aspects of ontological 

quality, but rather they want the tools which can provide value for their care 

delivery. The usability testing processes evaluate both usefulness and usability of the 

computer-based tool. The testing use both qualitative and quantitative method.

The usability use five subjects do three cases of patient presenting 

with severe pain. They were asked to do task and subtasks. After finished their tasks 

the usability were coded and quantified. The most common issues were system 

understandability and navigation. Usefulness of the computer-based tool was 

assessed by asking open-ended question following each of the three testing cases 

about different features of the computer-based tool. Specific questions were asked 

about each of the domain ontology concepts to assess the contribution each 

concept made to the design of the computer-based tool. The interview questions 

included queries on specific feature (i.e. how helpful was the ability to solve the
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p r o b le m ? ) ,  a n d  g e n e r a l  q u e s t io n s  ( i.e .  d o e s  t h e  c o m p u t e r  t o o l  f i t  w i t h  y o u r  

n o r m a l  p r a c t ic e  w o r k  f lo w ? ) .  Q u a n t i t a t i v e  m e t h o d  w a s  u s e d  b y  a s k in g  s u b je c ts  

t o  g iv e  a s c o r e  o n  h o w  h e l p f u l  o f  t h e  t o o l  w a s .

4. Another Ontology Evaluation Approaches

เท  (J. Y u , T h o m ,  &  T a m ,  2 0 0 9 ) ,  t h e  s t u d y  s u g g e s te d  t h r e e  m a in  a p p r o a c h e s  t o  

o n t o l o g y  e v a lu a t io n :  g o ld  s t a n d a r d  e v a lu a t io n ,  c r i t e r ia - b a s e d  e v a lu a t io n  a n d  ta s k -  

b a s e d  e v a lu a t io n .

• Gold standard eva lua tion : T h is  a p p r o a c h  c o m p a r e s  o n t o l o g y  w i t h  

o n t o lo g y .  I t  d e t e r m in e s  t h e  a c c u r a c y  o f  d is c o v e r e d  r e la t io n s  g e n e r a te d  

f o r m  c e r t a in  p r o p o s e d  o n t o l o g y  w i t h  t h e  e x is t in g  o n t o lo g y .  I t  s e e m  n o t  

s o  u s e f u l  o u t s id e  t h e  d o m a in  o f  o n t o l o g y  le a r n in g  b e c a u s e  i f  a  k n o w n  

g o ld  s t a n d a r d  o n t o l o g y  e x is ts  t h e n  t h e r e  is n o  r e a s o n  t o  e v a lu a t e  o t h e r  

o n t o lo g ie s .

• Criteria-based eva luation: T h is  a p p r o a c h  is a n  e v a lu a t io n  b a s e  o n  

c r i te r ia  s u c h  a s  c o n s is te n c y ,  c o m p le t e n e s s ,  c o n c is e n e s s ,  e x p a n d a b i l i t y  

a n d  s e n s i t iv i t y .  T h is  k in d  o f  e v a lu a t io n  c a n  b e  p e r f o r m e d  o n l y  b y  

h u m a n .  I t  is d i f f i c u l t  t o  p e r f o r m  a u t o m a t e  te s t .  T h e  c r i te r ia  f o c u s  o n  t h e  

c h a r a c te r is t ic s  t o  t h e  o n t o lo g y  in  i s o la t io n  f r o m  t h e  a p p l ic a t io n .

• Task-based eva lu a tio n : T h is  e v a lu a t io n  b a s e d  o n  c o m p e t e n c e  o f  

o n t o l o g y  in  c o m p le t in g  ta s k s .  T h is  c a n  ju d g e  w h e t h e r  o n t o l o g y  is 

s u i t a b le  f o r  t h e  a p p l ic a t io n  o r  t a s k  in  a q u a n t i t a t i v e  m a n n e r  b y  

m e a s u r in g  its  p e r f o r m a n c e  w i t h in  t h e  c o n t e x t  o f  t h e  a p p l ic a t io n .
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This study will use only technical evaluation to verify and 

validate ontology by applying criteria-based and task-based evaluation 

approach. Criteria-based evaluation is a qualitative approach, using experts to 

evaluate ontology in criteria of correctness, consistency, completeness and 

conciseness. Task-based evaluation is a quantitative approach to evaluate 

correctness and coverage of information retrieve from ontology search system.

5. O ntology deve lopm ent to o l

5.1 Protégé

For ontology development, there are several tools for constructing 

the hierarchy of domain knowledge or ontology knowledge base. One of the 

most popular tools is Protégé (http://protege.stanford.edu/overview/). It was 

developed by standford Center for Biomedical Informatics Research,

Standford University School of medicine. The functions of the tool allow a 

rich set of knowledge-modeling structures creation and provide actions to 

support the creation, visualization, and manipulation of ontologies in various 

representation formats. This tool supports two main ways of modeling 

ontologies: the Protégé-Frames and Protégé-OWL.

•  The Protégé-Frames editor enables users to build and populate 

ontologies that are frame-based, in accordance with the Open 

Knowledge Base Connectivity protocol (OKBC). เท this model, an 

ontology consists of a set of classes organized in a subsumption 

hierarchy to represent a domain's salient concepts, a set of slots 

associated to classes to describe their properties and relationships,

http://protege.stanford.edu/overview/
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and a set of instances of those classes-individual exemplars of the 

concepts that hold specific values for their properties.

•  The Protégè-QWL editor enables users to build ontologies for the Web 

Ontology Language (OWL). "An OWL ontology may include 

descriptions of classes, properties and their instances. เท ontology, the 

OWL formal semantics specifies how to derive its logical 

consequences, i.e. facts not literally present in the ontology, but 

entailed by the semantics. These entailments may be based on a 

single document or multiple distributed documents that have been 

combined using defined OWL mechanisms"

5.2 Hozo

Hozo is an ontology editing tool which has been developed by the 

Institute of Scientific and Industrial Research (ISRI), Osaka University (Kozaki, 

Sunagawa, Kitamura, & Mizoguchi, 2007). It was developed based on both of a 

fundamental consideration of an ontological theory and a methodology of 

building an ontology. The functions provide users with a graphical interface 

which and browse and modify an ontology locally. The features of Hozo 

describe as below:

•  Support role of representation of ontology

•  Visualization of ontologies
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•  D is t r ib u t e d  d e v e l o p m e n t  b a s e d  o n  m a n a g e m e n t  o f  

d e p e n d e n c ie s  b e t w e e n  o n t o lo g ie s

H o z o  is n o t  s u p p o r t  t h e  O W L  e d i t o r  a s  P r o té g é ,  b u t  i t  a l l o w s  a n  e x p o r t in g  

o f  o n t o l o g y  t o  O W L  a n d  RDF la n g u a g e  in  o r d e r  t o  f u r t h e r  in t e g r a t io n  w i t h  o t h e r  

a p p l ic a t io n s .

6. Review o f Related Literatures

O n t o lo g y  h a s  b e c o m e  t h e  k n o w le d g e  r e p r e s e n ta t io n  m e d iu m  o f  c h o ic e  in  

r e c e n t  y e a r s  in  a  ra n g e  o f  c o m p u t e r  s c ie n c e s  a n d  b io m e d ic in e .  S e v e r a l  r e s e a r c h e s  

h a v e  a p p l ie d  o n t o l o g y  t o  t h e i r  w o r k .

6.1 Ontology on herbal or traditional medicine

เท  t r a d i t i o n a l  m e d ic in e s ,  t r a d i t i o n a l  C h in e s e  m e d ic in e  (T C M ) h a s

b e c o m e  t h e  m o s t  p o p u la r  a l t e r n a t i v e  m e d ic in e s .  O n t o lo g y  h a s  b e e n  a p p l ie d  t o

m a n a g e  a n d  o r g a n iz e  b a s ic  t e r m in o lo g ie s  a n d  a s s e r t io n s  r e p r e s e n ta t iv e  o f  T C M  (G u ,

2 0 1 0 ) .  T h e  s t u d y  e x t r a c t  t e r m s  a n d  c o n c e p t s  o f  T C M  f o c u s e d  o n  f i v e  e l e m e n t  t h e o r y ,  

T C M  d is e a s e  p r in c ip le ,  d ia g n o s is  w h ic h  m a in ly  fo c u s e d  o n  s y n d r o m e ,  r u le s  o f  

t r e a t m e n t  a n d  t h e r a p ie s .  T h e  r e s u l t  o f  t h e  s t u d y  d e f in e d  8 2 1  c la s s e s  o r  c o n c e p t s  in  

T C M , 2 6  p r o p e r t ie s ,  1 3 4  a x io m s  a n d  7 8  p r o p e r t ie s  o f  a x io m s  in  t h e i r  o n t o lo g y .

เท  In d ia ,  o n t o l o g y  w a s  d e s ig n e d  a n d  d e v e lo p e d  f o r  m a p p in g  o f  In d ia n  

m e d ic in a l  p la n t s  w i t h  s t a n d a r d iz e d  m e d ic a l  t e r m s  ( V a d iv u  &  H o p p e r ,  2 0 1 2 ) .  B e c a u s e  

o f  t h e  I n f o r m a t io n  a b o u t  m e d ic in a l  p la n ts  is s c a t t e r e d  in  t e x t  f o r m  a n d

u n c o n s t r u c t e d ,  s e a r c h  e n g in e s  a re  n o t  e f f i c ie n t  a n d  m a n u a l  p r o c e s s in g  is r e q u i r e d .
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B e c a u s e  i t  w a s  d i f f i c u l t  t o  b r o w s e  f o r  m e d ic in a l  u s e s  o f  h e r b s ,  o n t o l o g y  m a p p in g  

w a s  u s e d  t o  o r g a n iz e  a n d  s t a n d a r d iz e  t e r m s  a n d  r e la t io n s h ip s .

เท  A f r ic a n  t r a d i t i o n a l  m e d ic in e  (A T M ) , o n t o l o g y  w a s  u s e d  t o  d e f in e  t h e  

t a x o n o m y  o f  s e le c t e d  h e r b s  in  A T M  a n d  t h e i r  b o t a n ic a l  h ie r a r c h y ,  i t  a ls o  w a s  u s e d  in  

d e f in in g  r e la t io n s h ip s  a m o n g  h e r b s  a n d  t r e a t m e n t  m e t h o d s  ( O la d o s u ,  A lig n ,  &  

M b a r ik a ,  2 0 1 2 ) .  เท  ( K a m s u - F o g u e m ,  D ia l lo ,  &  F o r u m ,  2 0 1 2 ) ,  o n t o l o g y  w a s  u s e d  as a n  

im p o r t a n t  t o o l  t o  e x t r a c t  f o r m a l  m o d e l  d e s c r ib in g  A T M . เท  th is  c a s e ,  A T M  o n t o lo g ie s  

in c lu d e  s y m p t o m s ,  m e d ic a l  s ig n , d is e a s e ,  a c t i v i t y  ( t r e a t m e n t  o r  d ia g n o s is )  a n d  d o s in g  

d e v ic e s .  T h is  a im  w a s  t o  f a c i l i t a t e  k n o w le d g e  s h a r in g  a n d  re u s in g .

เท  T h a i T r a d i t i o n a l  m e d ic in e  (T T M ) , T h a i h e r b  o n t o l o g y  p r o t o t y p in g  h a s  

b e e n  d e v e l o p  b y  d e f in in g  h e r b  c o n c e p t s  o f  T h a i t r a d i t i o n a l  m e d ic in e s  

( P r a k i t t ik o r n c h a i ,  2 0 0 7 )  in  t h e  f o r m  o f  o n t o l o g y  c la s s e s  a n d  p r o p e r t ie s  as s h o w n  o n  

f ig u r e  5 . T h e  s c o p e  o f  t h e  s t u d y  c o v e r  2 7  s e ts  o f  T h a i h e r b s  d e r i v e d  f r o m  t h e  d a ta  

p r o v id e d  b y  R o y a l T h a i G o v e r n m e n t  M in is t r y  o f  P u b l ic  H e a l t h ’ s. T h e  s t u d y  d e v e lo p e d  

u s e r  in t e r f a c e  t o  e a s i ly  f in d  d e t a i ls  a b o u t  T h a i h e r b s ,  r e la t io n s  o f  h e r b s  t o  T h a i 

T r a d i t i o n a l  m e d ic in e ,  a n d  s y m p t o m s  a n d  h e r b s  t o  t r e a t  s y m p t o m s .  T h is  s t u d y  

d e f in e d  c la s s e s  o f  T h a i  h e r b  w h ic h  a re  T h a i H e r b ,  M e d ic in e  ( h o u s e h o ld  r e m e d ie s ) ,  

p a r t  o f  u s e  ( p a r t  o f  h e r b  w h ic h  h a s  m e d ic in a l  p r o p e r t y )  a n d  s y m p t o m s .  เท  m e d ic in e  

c la s s ,  i t  c a n  b e  d iv id e d  in t o  6  s u b c la s s e s  a c c o r d in g  t o  t h e r a p e u t i c  p r o p e r t ie s  o f  

m e d ic in e  w h ic h  a re  b l o o d ,  c a r m in a t iv e ,  c lo d ,  c o u g h ,  d ia r r h e a  a n d  h e a r t  c o n d i t io n .  เท  

2 0 0 4 ,  T h a i m e d ic in a l  p l a n t  o n t o l o g y  w a s  d e v e l o p e d  t o  c la s s ify  a n d  p r o v id e  s ta n d a r d  

v o c a b u la r y  in  k n o w le d g e  a re a  r e la t e d  t o  m e d ic in a l  p la n ts .  T h e  s t u d y  d e v e lo p e d  a n  

o n t o lo g y - b a s e d  s y s te m  f o r  q u e r y in g  m u l t i p l e  m e d ic in a l  p la n t  d a t a  s o u rc e s .  T h e  

o n t o l o g y  c la s s e s  i n c lu d e d  p h y t o c h e m is t r y ,  p l a n t  t a x o n o m y ,  e c o n o m i c  b o t a n y  a n d
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therapeutic categories of herbs. Another application which used an ontology 

approach can be seen in (Nantiruj, Maneerat, Varakulsiripunth, Izumi, & Shiratori, 

2008), in which an e-health advice system with Thai herbs developed with an 

ontology. The system provided three functions: the Thai herb search, treatment and 

advice functions. The first two functions were designed using the database query 

method while the advice function used ontology to define relationships among 

classes. The ontology classes in this study included: symptoms, personal information, 

anamnesis, provinces and Thai herbs. The system recommended appropriate herbs 

to treat symptoms based on users and inference rules. Another e-health system with 

Thai herb recommendation outputs used ontology to express domain knowledge of 

Thai herbs. The ontology classes displayed were person, Thai herbs, taste (of Thai 

herb), symptom, chronic disease and living places. The system provides 

recommended Thai herbs based on information received.

All of Thai herbal medicine or Thai traditional medicine literature 

reviewed was developed by computer science experts/engineers. While, evaluation 

focused only on technical or function of the ontology-based system. The scopes of 

the ontology developments, from literatures above are not cover all classes and 

properties of Thai herbal medicine domain knowledge. Diagnosis, treatment and 

properties of herb based on Thai Traditional Medicine has not been developed. 

Although, one study included taste of Thai herb as an ontology class but it was not 

referred to as a basic properties of herbs or appropriate for herbs for personal 

symptoms. It was used only for recommending herbs which had taste preferred by 

users. There has been no study that describes the ontology of basic Thai traditional
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medicine knowledge or focuses on extracting Thai traditional medicine 

terminology. It is for this reason that this study will be conducted.

Figure 5 Example o f Thai herbal medicine ontology (exem pt from  (Prakittikornchai, 2007))

6.2 Ontology in search engine development

Ontology can also apply in database and/or search engine 

development as shown in the following two reviews.

Design and D evelopm ent o f an O ntology Based Personal Web Search Engine 

(Sakthi Priya, Revathy, Pradeesh, & Rene Robin, 2012)

เท this study, an ontology editing tool such as Protégé, an open source 

ontology editor and knowledge-based framework were used to develop a personal 

web search engine. This study was used to construct concepts/classes gathered from 

the World Knowledge Base (WKB) like Wikipedia, WordNet and other sources. 

Concepts/classes were converted into an ontology database. เท this study, MS- 

Access was use as a database tool, to store all classes and subclasses of ontology.
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Search engine was evaluated by using 20 questions to receive feedback in terms 

of accessibility, navigation, security and efficiency.

Technological Resource Search Engine Based on O ntology (Wang, Mao, Dai, & 

รนท, 2010)

Traditional search engines based on keyword retrieval are low in 

precision, because of the lack of user understanding and received huge volume of 

result which can lead to information confusion. To solve these problems, this study 

examined the technological resource search engine based on ontology. In the whole 

system, the core data layer was developed by using ontology techniques to identify 

concepts, sub-classes, instances and relations. The system established a 

technological resource indexing according to the ontology base and then establishes 

technological resource indexing database. The result showed that it helped users to 

get more precision results and satisfied users better than traditional search engine.

7. Database Perspective and Roles o f domain ontologies in database design

7.1 The Database Perspective

Database system concerned with the storage, maintenance and 

retrieval of the data which is available in the system in explicit form. เท database 

environment, each item or record is separated into several fields which contain the 

valued for a specific characteristic or attribute identifying the corresponding record 

which it is linked. The information retrieved will consist of all records or items which 

are exactly match with the keyword search. เท this case, it is difficult to formulate 

precise to search keyword and the result may include items that may or may not
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match the information requests exactly. เก ontology employed system, its 

objective is to achieve better procession and recall in the text retrieval system 

by query expansion through the use of semantically related-terms (Khan, 2000). 

Some ontology, it was shown to be potentially relevant to enhanced recall and get 

more precision result compare to general keyword search.

7.2 Role of Domain Ontologies in Database Design

The database design process generally follows five steps: 

Planning and analysis, conceptual design, logical design, physical design and 

implementation. The developer collect information about requirements by review 

exist information and ended-users interview. Database tends to manage only some 

for some purpose or part of domain knowledge. เท contrast, ontology are intended 

to give details and explain the world, to capture all domain knowledge and provide 

understanding of real world because it made of concepts, instances, properties, 

axioms and relationships. เท case of the domain knowledge has various concepts or 

sources of information. Ontology is advantageous for data modeling and 

conceptualization according to the four characters of ontology: explicit, formalization, 

sharing and conceptualization (Wang, 2010). Ontology can be used to help people 

and machine to communicate concisely by facilitating the information exchange 

based on semantics rather than just on systax (Calegari & Pasi, 2010).

เท searching for interested information and receive more 

precise result for user, personalized ontology can be applied. Personalized ontology 

is defined by performing a mapping between the relevant concepts extracted from 

the visited pages and the concepts of interest extracted from search queries. เท
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(Calegari & Pasi, 2010), personal ontology is built by considering the relevant 

concepts extracted from the preferred web page after web search, the user’s 

queries and user’s preferred document. Result in extracting useful concepts defined 

in ontology and used to expand the user’s query for better located relevant 

information, and ontology can be used to re-ranking the results produced by search 

engine according to the user interests. This methods can be applied to this study in 

extracting useful concepts from FAQs of TTM-IS which they can refer to ended-user 

prefer terms. This can improve user's search

8. Semantic search system and evaluation

An evaluation technique of ontology to determine the efficiency of 

semantic search system can be measured in data retrieving model as precision and 

coverage. An experimental approach will be apply for this stage by calculation the 

retrieved objects from the search system result compare to the amount of whole 

identified objects and relevant objects (in ontology). Correctness and coverage can 

be conceptualized as below.

Precision  refers to the ability of ontology in capturing concepts, classes 

and relationships correctly according to the frame knowledge. This can be calculated 

from equation describe below:

Precision = Number of relevant objects that are retrieved

Number of retrieved objects
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Coverage means all relevant concepts; classes and properties in the 

ontology adequately cover the concepts of the frame of knowledge.

Coverage = Number of relevant objects that are retrieved

Number of relevant objects

Precision and coverage ratio have range between 0-1. To measure overall 

precision and coverage of ontology, the frequently asked questions of TTM-IS were 

used to design the scenario for information retrieving in order to test the efficiency of 

ontology application.

Table 1 Precesion and coverage score measurement

Scale o f measure Score Description

precision 1 ontology-based search engine provide correct result 

according to the reference

0 ontology-based cannot provide correct result 

according to the reference

coverage 1 the result cover all relevant objects

0 the result not cover any relevant objects
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