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Abstract: According to the Buddhist philosophy, hatred (dosa) is considered as one of the three unwholesome roots which determine
the actual immoral quality of volitional states and a conscious thought with its mental factors. Hatred, then, comprises all degrees of
repulsion from the faintest trace of ill-humour up to the highest pitch of hate and wrath. Thus, ill-will, evil intention, wickedness,
corruption and malice are various expressions and degrees of dosa. A hateful temperament is said to be due to a predominance of the
type of dosa, apo, vayu and semha. Vedic psychology forms the clinical core of mental health counseling in the Ayurvedic medical
tradition. According to Ayurvedic medical practises, a person is dominated on one of constitutes type (type of dosa) namely vata (vayu),
pita (apo) or kapha (semha). This is known as prakurthi pariksha. Important aspect of identification of constitute type is for diagnosis
of mental diseases, because each of constituent type has a list of probable mental diseases. An important area of expertise for many
clinical psychologists is psychological assessment. Constructions of information systems using psychological assessment in clinical
psychology have a problem of effective communication because of implicit knowledge. This complicates the effective communication
of clinical data to the psychologist. In this paper, it presents an approach to modeling commonsense knowledge in clinical psychology
in Ayurvedic medicine. It gives three-phase an approach for modeling commonsense knowledge in psychological assessment which
enables holistic approach for clinical psychology. Evaluation of the system has shown 77% accuracy.
Key words: Human constituents, psychological assessment, clinical psychology, Ayurvedic medicine, commonsense knowledge
modeling system.

1. Dosa
Dosa, which means malice, harted, ill-will, is one of
the three root-causes of unskillful or un-wholesome
actions (akusala-mula). It is consisted of greed (loba),
harted (dosa) and delusion (moha) as stated in Buddhist
philosophy [1]. But, whereas delusion is found in any
unwholesome deed or thoughts, greed and hatred stand
as two opposites, as attraction and repulsion,
respectively. Hatred, then, comprises of repulsion from
the faintest trace of ill-humor up to the highest pitch of
Corresponding author: D.S. Kalana Mendis, Ph.D., research
field: forensic psychiatry. E-mail: kalanaatil@mail.com.

hate and wrath. Thus, ill-will, evil intention,
wickedness, corruption and malice are but various
expression and degrees of dosa. Hate, of course, is
inspired by wrong views (miccha-ditthi), for, if things
are seen and understood in their proper perspectives, no
ill feeling can arise. Envy (issa), selfishness
(macchariya) and worry (kukkucaa) are always
associated with hatred or ill-will (dosa). Sometimes,
obduracy (thina) and sluggishness (middh) are closely
connected with certain forms of hatred [1].
A hateful temperament is said to be due to a
predominance of the elements cohesion (apo) and
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oscillation (vayu) and also to a preponderance of
phlegm (semha) over the other humours in the body.
Hatred is paraphrased in Abhidhama terminology as a
disordred temper, getting upset, a feeling of disgust,
throwing off of a normal state and the abrupt reaction
of rage. It is annoyance (aghata) at the thought of harm
done to oneself or to someone dear or good done to a
person disliked. It may spring up as vexation due to
climatic conditions which prove a momentary obstacle,
such as the wind preventing one to dress. This would
lead to resentment (patighata) and repugnance
(patigha), and the latter is being more a passive state of
sense-reaction [1].

2. Ayurvedic Classification of Individuals
Ayurvedic medicine has a very strong bearing on the
concept of Prakurthi, which means nature (natural form)
of the build and constitution of the human body [2].
This has been evolved with Hatred (dosa), one of the
three unwholesome roots which determine the actual
immoral quality of volitional states and a conscious
thought with its mental factors [1, 3-9]. A hateful
temperament is said to be due to a predominance of the
type of dosa, apo, vayu and semha for diagnosing
mental diseases. According to Ayurveda, the path to
optimal health is different for people depending on
their Prakruti. For individuals, the Prakurthi is defined
as a combination of (vatha, pittha and kapha) [10]. A
balanced state of the Prakurthi makes a healthy and
balanced person (physically and mentally). Since the
authors all have different combinations of the Prakurthi.
The diagnosis of prakruti offers unique insights into
understanding and assessing one’s health. It is not
merely a diagnostic device but also a guide to action for
good health. It assesses the, dominance of Prakurthi
and gives advice for preventive and primitive health
care. The ancient science of Ayurveda is the oldest
known form of health care in the world. Important
aspect of identification of constitute type is for
diagnosis of mental diseases, because each of
constituent type has a list of probable mental diseases

[10-14] such as an important area of expertise for many
clinical psychologists which is psychological
assessment (Table 1).

3. Psychological Assessment in Clinical
Psychology
Clinical psychology is an integration of science,
theory and clinical knowledge for the purpose of
understanding,
preventing,
and
relieving
psychologically based distress or dysfunction and to
promote subjective well-being and personal
development. Central to its practice are psychological
assessment and psychotherapy, although clinical
psychologists also engage in research, teaching,
consultation, forensic testimony, and program
development and administration. In many countries,
clinical psychology is a regulated mental health
profession. Psychological Assessment is concerned
mainly with empirical research on measurement and
evaluation relevant to the broad field of clinical
psychology. The areas of assessment processes and
methods are included as given below [15]:
 Clinical judgment and the application of
decision-making models;
 Paradigms derived from basic psychological
research in cognition, personality-social psychology,
and biological psychology;
 Development, validation, and application of
assessment instruments, observational methods, and
interviews.

4. Psychological Assessment in Clinical
Psychology of Ayurvedic Medicine
Recognition of human constituent in Ayurveda, is
currently based on a standard questionnaire on
subjective criteria based on ancient theories of
Ayurvedic scholar Charaka, 1000 BC and Susruta,
600 BC [10] as a psychological assessment in clinical
Table 1

Classification of mental diseases.

vata
anxiety disorders

pittha
anger disorders

kapha
depression disorders
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psychology. Classification of individuals through
clinical examination in Ayurveda has been considered
[16]. The clinical examination of Ayurveda is divided
into two paths, namely: examination through patient
and examination through disease. Prescribing drugs for
a disease is depended on both two examinations.
Classification of individual human constituents is
included in examination through patient, which defined
as a concept called “prakurti pariksha”. Individual can
be categorized into vata or pita or kapha based on the
“prakurti pariksha”. It was defined that one type can be
dominated but in combination of all 3 types. Chopra
Center [17] built a web base system to discover the type
of body constituent type. A questionnaire is used to
diagnose constituent type. This dosa centre also built a
web based system based on a questionnaire to predict
type of prakurthi [18, 19]. There was also a web system
to evaluate type of prakurthi based on a questionnaire
and predict percentage of relevant type of prakurthi
[20].
In exciting systems, the method of analyzing
constituents is not consistent. Questions in concerned
are very much user-friendly and based on medical
theories of Ayurveda, which is used for finding
constituent type and probes such as repeating questions
and classification of constituent type and its possible
mental diseases. Anxiety disorders are depended on
vata constituent type. This has been used for
classification of individuals for many centuries. There
is no research into improving the questionnaire
although people have realized that the classification is
not acceptable sometimes.
David Paul built an approach for collaborative
activities in virtual settings enabling the different
parties to achieve their desired objectives by examining
them from a knowledge management perspective in
tele medicine [21]. Dwivedi et al. could make
web-based multimedia patient administration systems
be the norm for healthcare institutions. Such a scenario
is likely to lead to a situation where healthcare
institutions would be flooded with large amounts of
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clinical data. The introduction of the KM (knowledge
management) paradigm would enable healthcare
institutions to face the challenge of transforming large
amounts of medical data into relevant clinical
information. A KM solution would allow healthcare
institutions to give clinical data context, so as to allow
knowledge derivation for more effective clinical
diagnoses [22]. Kimble Chris presented a framework
for categorizing virtual teams and argued that
fundamental changes have taken place in the business
environment which force people and organizations to
operate in “two spaces” simultaneously: the physical
space and the electronic space. It highlighted some of
the issues of trust and identity that existed in virtual
teams and argued that, due to certain barriers, only a
small proportion of these teams reached a satisfactory
level of performance. Using the evidence from two
recent sets of studies, it highlighted some of the barriers
to effective virtual team working and demonstrateed
the critical importance of trust and social bonding to
the functioning of such teams. It reported on the use of
a “Community of Practice” in a virtual team and argued
that this may provide one mechanism for overcoming
some of the barriers [23]. Julie Parker and Enrico
reviewed improving clinical communication for a
cognitive psychological perspective, focusing on
current understandings of how human memory
functions and on the potential consequences of
interruptions on the ability to work effectively. It was
concludeed by discussing possible communication
technology interventions that could be introduced to
improve the clinical communication environment [24].
Richard Lenz elaborated both the potential and the
essential limitations of IT support for healthcare
processes. It has been identified different levels of
process support in healthcare, and distinguished
between organizational processes and the medical
treatment process. To recognize the limitations of IT
support, it has been adopted a broad socio-technical
perspective based on scientific literature and personal
experience [25]. Fallowfield discussed some of the
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issues that influenced communication within an
oncology setting, and ultimately affect patient.
Oncologists themselves acknowledge that insufficient
training in communication and management skills is a
major factor contributing to their own stress, lack of job
satisfaction and emotional burnout. Consequently, over
the past few years there have been several initiatives
aimed at improving basic communication skills
training for healthcare professionals in the cancer field
[26]. Mario Stefanelli discussed the role of mobile
communication systems. Moreover, the paper
discussed the role of mobile communication and
speech understanding technologies to support a
satisfactory user-system interaction in daily work [27].
Using psychological assessment in clinical
psychology had a problem of effective communication
because of implicit knowledge for constructing
Information systems. This complicated the effective
communication of clinical data to the psychologist in
support of clinical psychology.
As such the authors decided to resolve the problem
with the help of AI (Artificial Intelligent) techniques.
An approach as Mark suggested has been explored in a
program called OPAL, which allows medical
specialists working alone to enter and review cancer
treatment plans for use by an expert system called
ONCOCIN. Knowledge-acquisition tools based on
strong domain models should be useful in application
areas whose structure is well understood and for which
there is a need for repetitive knowledge entry [28].
Ramoni, MT model accounted for all of the conceptual
features of knowledge-based systems, thus making
clear which features were intrinsic to the problem and
which were artifacts of the implementation. The
proposal was based on a two-level analysis of
knowledge-based systems: an epistemological and a
computational level [29]. James proposed that a
generalization of the set covering problem can be used
as an intuitively plausible model for diagnostic
problem solving. Such a model was potentially useful
as a basis for expert systems in that it provided a

solution to the difficult problem of multiple
simultaneous disorders [30]. John Protégé-2000, could
be run on a variety of platforms, supported customized
user-interface extensions, incorporates the OKBC
(Open Knowledge-Base Connectivity) knowledge
model, interacted with standard storage formats such as
relational databases, XML, and RDF. Using Protégé,
developers and domain experts could easily build
effective knowledge-based systems, and researchers
could explore ideas in a variety of knowledge-based
domains [31]. So it is well known fact that Expert
systems are better at solving real world problems,
which cannot be solved otherwise [32-38]. In particular
Expert systems can be used to models domains with
less formal knowledge [39-42].

5. Commonsence
System

Knowledge

Modeling

In this paper an approach was presented to model
commonsense knowledge in psychological assessment
for clinical psychology in Ayurvedic medicine evolved
by dosa in Buddhist studies [43-45] using an Expert
system based on principal component analysis and
statistical fuzzy inference system. Dosa in Buddhist
studies stated that ill-will, evil intention, wickedness,
corruption and malice are various expressions and
degrees of dosa and hateful temperament is said to be
due to a predominance of the type of dosa, apo, vayu
and semha. This gives knowledge modeling approach
for modeling commonsense knowledge in,
psychological assessment which enables holistic
approach for clinical psychology to find:
 Type of dosa (constituent type: vata, pitta, kapha)
in percentages;
 Dominant type of dosa;
 Possible metal disease based on type of dosa.
Principal component analysis is used for exploring
data to reduce the dimension. Generally, PCA
(principal component analysis) seeks to represent n
correlated random variables by a reduced set of
uncorrelated variables, which are obtained by
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transformation of the original set onto an appropriate
subspace. The uncorrelated variables are chosen to be
good linear combination of the original variables, in
terms of explaining maximal variance, orthogonal
directions in the data. Two closely related techniques,
principal component analysis and factor analysis, are
used to reduce the dimensionality of multivariate data.
In these techniques correlations and interactions
among the variables are summarized in terms of a
small number of underlying factors. The methods
rapidly identify key variables or groups of variables
that control the system under study. The resulting
dimension reduction also permits graphical
representation of the data so that significant
relationships among observations or samples can be
identified.
Other techniques include multidimensional scaling,
cluster analysis, and correspondence analysis.
 MDS (multidimensional scaling) is a set of related
statistical techniques often used in information
visualization
for
exploring
similarities
or
dissimilarities in data;
 Cluster analysis or clustering is the assignment of
a set of observations into subsets (called clusters) so
that observations in the same cluster are similar in
some sense;
 CA (correspondence analysis) is a multivariate
statistical technique proposed by Hirschfeld and later
developed by Jean-Paul Benzécri. It is conceptually
similar to principal component analysis, but applies to
categorical rather than continuous data. In a similar
manner to principal component analysis, it provides a
means of displaying or summarizing a set of data in
two-dimensional graphical form [46-48].
Inference is the act or process of deriving logical
conclusions from premises known or assumed to be
true. The conclusion drawn is also called an inference.
The laws of valid inference are studied in the field of
logic. Human inference (i.e., how humans draw
conclusions) is traditionally studied within the field of
cognitive
psychology;
artificial
intelligence
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researchers develop automated inference systems to
emulate human inference. AI systems first provided
automated logical inference and these were once
extremely popular research topics, leading to
industrial applications under the form of expert
systems and later business rule engines. Bayesian
inference has applications in artificial intelligence and
expert systems. Bayesian inference techniques have
been a fundamental part of computerized pattern
recognition techniques since the late 1950s. There is
also an ever growing connection between Bayesian
methods and simulation-based Monte Carlo
techniques since complex models cannot be processed
in closed form by a Bayesian analysis, while a
graphical model structure may allow for efficient
simulation algorithms like the Gibbs sampling and
other Metropolis-Hastings algorithm schemes.
Recently Bayesian inference has gained popularity
amongst the phylogenetics community for these
reasons; a number of applications allow many
demographic and evolutionary parameters to be
estimated simultaneously. In the areas of population
genetics and dynamical systems theory ABC
(approximate Bayesian computation) are also
becoming increasingly popular [49].
Bayesian inference is a method of statistical
inference in which evidence is used to estimate the
probability that a hypothesis is true. The term
“Bayesian” comes from the application of Bayes’
theorem to probabilities that specifically have the
interpretation as Bayesian probabilities. Such
probabilities can themselves be distinguished into
objective and subjective probabilities. In practical
usage, “Bayesian inference” refers to an iterative
process in which collection of fresh evidence
repeatedly modifies an initial confidence in the truth
of a hypothesis. In each iteration, the initial belief is
called the prior probability, whereas the modified
belief is called the posterior probability. Fuzzy logic is
an alternative to Bayesian inference. Fuzzy logic and
Bayesian inference, however, are mathematically and
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semantically not compatible [50]. You cannot, in
general, understand the degree of truth in fuzzy logic
as probability and vice versa; fuzziness measures “the
degree to which an event occurs, not whether it
occurs” [49, 51].
Fuzzy logic and probability are different ways of
expressing uncertainty [52, 53]. While both fuzzy logic
and probability theory can be used to represent
subjective belief, fuzzy set theory uses the concept of
fuzzy set membership (i.e., how much a variable is in a
set), and probability theory uses the concept of
subjective probability (i.e., how probable do I think that
a variable is in a set). While this distinction is mostly
philosophical,

the

fuzzy-logic-derived

possibility

measure is inherently different from the probability
measure, hence they are not directly equivalent. While
this

distinction

is

mostly

philosophical,

the

fuzzy-logic-derived possibility measure is inherently
different from the probability measure, hence they are
not directly equivalent.
In the first place, the authors have tried statistical
technique of PC (principal component) analysis [54] for
recognition of any dependencies among classification
of

individuals

using

the

questionnaire

as

a

psychological assessment. Among other AI techniques,
the authors have used Fuzzy logic [55] to fine tune the
results obtained from PC analysis. Finally the system
has been developed as an Expert System [56], which

6.1 Removing Dependencies
The approach begins by acquiring commonsense
knowledge. This can be done as an interview between
domain experts and the knowledge engineer. Using the
interviewing process between expert and knowledge
engineer, commonsense knowledge has been acquired
and mapped in to a questionnaire based on Likert scale
technology [57]. The authors have chosen to acquire
tacit knowledge into a questionnaire since it is more
convenient for further analysis. On the other hand, the
questionnaire can be automated to interact directly with
the domain expert without involving a knowledge
engineer. Once tacit knowledge has been acquired then
the knowledge for finding dependencies should be
analyzed. The questionnaire has been analyzed using
PC (principal component) analysis [54] to find
dependencies.
 What is PC analysis?
The concept of PC analysis is based on the
derivation of linear combinations of the p measured
variables X1, X2, …Xp to produce “derived variables”,
that are uncorrelated and are such that explains a
different “dimension” within the data [54]. Such
derived variables are referred to as PCs (principal
components). As there are p response variables within
the data set, p principal components can be derived.
The first PC, denoted PC1, is expressed in the form

PC1   11 X 1   12 X 2  ....   1 p X p

(1)

 terms refers to the weight of each

models Ayurvedic classification of individuals. With

where, the

this technology the system has added features such as

variable within this principal component PC1. The
weights of each PCi represent the eigenvector solution,
which maximize the variance of each PCi, where i is the
number of components [35].
 Extracting principal components
The importance of each PC, in terms of level of data
variation explained, is specified by its eigenvalue, the λ
term, with Σ λ representing the total of the p eigen
values. A measure of the proportion of data variation
accounted for by each PC, based on the equivalence of
eigenvalue and PC variance, is provided by the
expression λ/(Σ λ).

incorporating new knowledge, explaining reasons for
answers given.

6. Methods
The authors postulate a new approach enhancing the
ability of classifying human constituents using an expert
system based on principal component analysis and
Fuzzy logic. It has been extended from constructions of
membership functions [33, 45] to statically based
defuzzification process. This has been exploited the
process of the new approach in following steps.
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Generally, it is required to select those PCs, which
account cumulatively for at least 80% to 90% of the
data variation. In addition, each PC must exceed
eigenvalue more than 1. However, if nearly all the
correlations are less than 0.25, there is probably no
purpose in carrying out a PCA. However, to reduce
even that much of interdependency PCs can be
computed.
 PC for commonsense knowledge modeling
(model refinement)
Let S be the set of all questions in the questionnaire
and P be the set of all extracted principal components.
Further,

filtered commonsense knowledge using principal
component analysis. It is computed as given below

X   X L ... X U 

 X L1 ... X U 1 ,  X L 2... X U 2 ,.....,
X 

 X Ln ... X Un 

X Ln  Ln
X Un  U n

n

m

 a

j i 1i  s 1
n

(8)
(9)

ij

m

 a

j  i 1i  s 1

(10)

ij

6.2 Statistical Fuzzy Inference—(Fine Tuning)
This phase is constructed by integrating output of

P  PC1 , PC 2 ,..PC p , PC p 1 ...PC r , PC r 1

model refinement with fuzzy inference system. It is

...PC n 1 , PC n

consisted with following stages:



S  S1 , S 2 ,..S q , S q 1 ,...S s , S s 1 ,...S m 1 , S m



PC i  a 1i S 1  a 2 i S 2  ... a qi S q  a q 1,i S q 1 
... a si S s  a s 1,i S s 1  ... a m 1,i S m 1  a m ,i S m
(2)
Let M be the principal components Matrix for
filtered commonsense knowledge.

a11 a12 ...a1 p a1 p 1 ,...a1r a1r 1 ...a1n 


a 21 a 22 ...a 2 p a 2 p 1 ...a 2 r a 2 r 1 ...a 2 n 

M  .


.

a a ...a a , a a ...a 
 m1 m 2 mp mp 1 mr mr 1 mn 

p

q

j 1 i 1

r

 X  X Ln 

An ( X )  


X
X
Un 
 Ln

(4

m



s

 aij S i 

j  p 1 i  q 1

m

 a

j  r 1 i  s 1

ij

Si

(6)

Let LS be the Likert scale [11], then

LS  L,.., U 



(7)

XL and XU values are derived from results of the

(11)

 Fuzzy rule base
Fuzzy rule base has been constructed by using the
membership functions defined in fuzzification process.
Fuzzy rules can be constructed as follows,
AND
X < XUn
Rule n. If X > XLn

 X  X Ln
An ( X )  
 X Un  X Ln

5
n

... X U 1 , ( X L 2 .. X U 2 ),..., ( X Ln ... X Un )
For Ln   X Ln ... X Un 

j 1 i 1

X=  a ij S i 

L1

Membership functions are defined as follows:

j 1

n

the interval of

3

n

X   aij S i

Let A be fuzzy set defined on a fuzzy concept using

 X

For n number of extracted principal components,
following computation is concluded.

X   PC j

 Fuzzfication
In this sub phase of fuzzification, it basically
analysis the fuzzy set and membership function for
commonsense knowledge modeling. Membership
functions have been constructed by using output of
model refinement.





(12)

Adding dynamically, in order to operate the
reasoning process for answers given by the fuzzy rules,
it can extend further in to a fuzzy rule base.
Here K 1 , K 2 ...K n are defined as singleton fuzzy
sets
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Kn 

 X Un  X Ln 
( X U 1  X L1 )  ( X U 2  X L 2 )  ...

(13)

( X Un  X U 2 )
 Defuzzification
The input for the defuzzification process is a fuzzy
set (the aggregate output fuzzy set) and the output is a
single number. As much as fuzziness helps the rule
evaluation during the intermediate steps, the final
desired output for each variable is generally a single
number. However, the aggregate of a fuzzy set
encompasses a range of output values, and so must be
defuzzified in order to resolve a single output value
from the set. Defuzzification has been implemented
using Sugeno-Type Fuzzy Inference [58].
Here K1, K2, …, Kn are defined as singleton fuzzy
sets.
Rule n.

 XX



Ln
If An ( X )  
 X  X 
Ln 
 Un

Z  Kn

instance of knowledge acquisition, a pilot survey has
been done for the purpose of extracting principal
components. The SPSS is used for conducting the
functions of principal components extracting.
7.1 Fuzzy Logic Module

(14)

Let Z be the output of rules defined in Sugeno-Type
fuzzy inference

Z

Fig. 1 Top level architecture of system.

A1 ( X ) * K 1  A2 ( X ) * K 2  ...  An ( X ) * K n
A1 ( X )  A2 ( X )  ...  An ( X )
(15)

7. Framework for Commonsence Knowledge
Modeling System
The framework for modelling of commonsense
knowledge has been developed on the basis of phases
mentioned above. Such the framework enables PC
analysis, knowledge classification and intelligent
reasoning using the expert system technology.
Functionally the entire system can be seen as a
fuzzy-expert system. Fig. 1 shows the top-level
architecture of the framework. It consists of a user
interface, inference engine, knowledge base, fuzzy
logic module, principal component analyzer and a
database.
Commonsense knowledge has been extracted from
the expert and formulated in a questionnaire. It is
evaluated using Likert scale technology. In the first

The output results of the principal component
analyzer would be the input for the fuzzy logic module.
In the case of generating membership function, finding
the interval is considered as an automated process in
this module due to instead of using runtime inputs. This
module has been implemented using Visual Basic for
widening scope of generating membership function.
Further, fuzzy rules have been constructed in the fuzzy
logic module.
7.2 Database
Extracted principal components have been stored in
Ms Access database, which integrated with the
principal component analyzer through the developer
interface that is considered as a sub interface of the user
interface. The questionnaire consisted of tacit
knowledge also has been stored in the database that
integrated with the user interface.
7.3 Knowledge Base
Explanations for output generated by the fuzzy logic
module have been processed using fuzzy rules in the
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knowledge base. Further, knowledge engineer is given
a facility to add new rules in the runtime. The
knowledge base has been implemented using FLEX
expert system shell, which embedded in Win-Prolog.
7.4 User Interface
The user interface facilitates for both developer and
general user. Once knowledge engineer develops a
particular framework for required tacit domain with
interaction of the expert, and then general user will be
given a facility of using the framework for
decision-making purposes. So, it has been divided the
user interface in developer interface and general user
interface. General user will be able to use a developed
framework using a questionnaire, which has been
implemented as a web page linked to the database.
7.5 Inference Engine
The inference engine carries out the reasoning
whereby the expert system reaches a solution. This is
the inference engine of the FLEX expert system shell.
Since this is built in to the system, there is no
development activity with regard to this component in
the system. Note that inference engine has nothing to
do with the modeling of commonsense knowledge but
it runs the expert system.

8. System in Practice
In the exciting system, the method of analyzing
constituents is not consistent. Although Ayurvedic
practitioners use a psychological questionnaire, it leads
to several problems like dependencies among the
questions in the questionnaire and analysis of the
constituent type. These problems were addressed to
solve using following stages.

It is consisted of 72 questions to analyze vata, pita and
kapha. It is certainly need to measure attitudes during
the practical communication work. The questionnaire
can be produced very rapidly on Access database
(Table 2):
8.2 Removing Dependencies
The authors have done a pilot survey using 100 No.
of students for statistical modeling. Principal
component analyzer has been used to remove
dependencies. It has been identified 25 principal
components using SPSS [59] as shown below in a
matrix form (Fig. 2). Here V1, V2, V24, K1, K2, …,
K24, P1, P2, …, P24 denote question-numbering
system in the questionnaire.
Human constituents can be computed in to vata, pita
and kapha in percentages as shown in Fig. 3.
Membership functions for vata, pita and kapha have
been constructed using the out puts of principal
component analyzer.
For example, Membership function for Vata
constitution
Table 2 A part of 72 numbers of questions in the
questionnaire.
ID Question
Marks-range Marks
1 My skin is cracked, dry and cold
1-6
On my skin, vains and tendons are
2
1-6
easily visible
3 I am tend to be slight sweating
1-6
4 I have less body smell
1-6
5 Under developed body build
1-6
6 I do not gain weight very easily
1-6
Respondents are required to enter their answers directly at the
computer.
V1
V2
.
V=
.
V 23
V 24
K1
K2
.
K=

8.1 Extracting Commonsense Knowledge in Ayurveda
M =

In the first instance, the authors mapped
commonsense knowledge regarding to analysis of
constituents to a (psychological assessment)
questionnaire with interaction of an Ayurvedic expert.

1
-0.228622
0.08431

2 ..
0.249362 .
0.20654 .

-0.645803 0.232312 .
-0.222147 -0.06453 .
0.012511 -0.096332 .
-0.005642 0.268145 .

24
25
-0.073945 0.058179
-0.097192 -0.112795

0.0067 -0.083959
-0.073514 0.084404
0.141314
0.25113
-0.179992 0.111715

.
K 23
K 24
P1
P2
.
.
P=
P 23
P 24

0.409442
0.696973
0.430044
0.243781

0.009727
-0.378091

0.073812
0.126679
0.14608
0.373485

.
.
.
.

0.012529 .
0.096985 .

-0.115118 -0.056431
0.098213 0.045471
0.023669
0.09045
-0.040468 0.149644

-0.072224
0.158006

0.177827
0.069821

Fig. 2 Principal components identified in the system.
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then K1 = 20.68833.
This computation will defuzzify the output of
defuzzification process as 25.08375.
Further K1, K2, K3 are defined as singleton fuzzy sets.
For vata constitution,
K1 = 42.550016/(55.5856 + 107.53602 + 42.550016)
= 20.68833.
For pitta constitution,
K2 = 107.53602/(55.5856 + 107.53602 + 42.550016)
= 27.02638.
For kapha constitution,
K3 = 55.5856/(55.5856 + 107.53602 + 42.550016) =
52.2853.
Fig. 3 Analysis of human constituents.

For L1   X L1 ... X U 1 
25

(16)

24

 X L  1  a ji  8.510004

(17)

i 1 j 1

 XU  6

25

24

 a

 51.06002

(18)

X  8.510004


A1 ( X )  

 51.06002  8.510004 

(19)

i 1 j 1

ji

8.3 Fuzzy Rule Base
Fuzzy rules have been constructed for classification
of each of constituent’s type.
For example, Vata constitution
Rule 1. If X > 8.510004 and X < 51.06002

X  8.510004


A1 ( X )  

 51.06002  8.510004 

(20)

 Defuzzification
Defuzzification process has been computed using
Sugne–style inference technique:
Here K 1 , K 2 , K 3 are defined as singleton fuzzy
sets.
For example, vata constitution
K1 = 42.550016/(55.5856 + 107.53602 + 42.550016)
= 20.68833.
For example, vata constitution

X  8.510004


 (22)
 51.06002  8.510004 

Rule 1. If A1 ( X )  

A1 ( X ) * K 1  A2 ( X ) * K 3  . A3 ( X ) * K 2
* 100 (23)
A1 ( X )  A2 ( X )  A3 ( X )
Z = out put =25.08375.
So body constitution is concluded as value between
vata and pitta.
By clicking explanation button in Fig. 3, it will show
an output analysis and window (Fig. 4) of completed
evaluation. This has been implemented using FLEX
expert system shell [60].
This evaluation is consisted with:
- Vata, kapha, pita are in a combination (%);
- Determination of dominated constituent type.
Z

8.4 Explanations for Derived Human Constituents
Explanations for output generated by the fuzzy logic
module have been processed using fuzzy rules in the
knowledge base in the expert system. The knowledge
base has been implemented using FLEX expert system
shell, which embedded in Win-Prolog. In relation to
Ayurvedic domain, possible mental diseases can be
occurred due to dominated constituent type (dosa). It is
illustrated as shown in Fig. 4.

9. Analysis of Results
The authors set up their evaluation criterion as a
comparison between the system and a real world expert
in the similar domain. Both Ayurvedic expert and the
system have been used to investigate human
constitutions separately.
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Fig. 5
Fig. 4 Analysis and reasoning window in Ayurvedic
domain constructed using FLEX.

The layman-expert and layman-system have been set.
up into two groups. Here layman is considered as a
general person without having specific knowledge of
Ayurveda. It has been taken 30 numbers of laymen as a
sample. Here expert is considered as an expertise
person in Ayurvedic domain. System denotes the
implemented expert system for domains with tacit
knowledge. The evaluation was based on investigating
humeral constitutions as per layman using two groups
considered for the evaluation criteria. The layman,
Ayurvedic expert and system are referred as L, E and
Sys, respectively.
The layman-Ayurvedic Expert and layman-System
interactions can be comprehended by a figure as in Fig. 5.
Arranging the setup as depicted in Figure 5 enables
E to compare the differences between the interactions
with layman-Ayurvedic expert and layman-System.
The Ayurvedic expert’s feeling towards the use of the
system and the layman for his/her humeral constitution
is evaluated thereafter.
The key feature required to evaluate in the system is
whether the system derives a conclusion equaling a
conclusion derived by an expert who works with the
same domain. Here, modeling behavior of a conclusion
derived from a particular selected domain in to a further
analysis is expected. In this sense, aspects viz was tested.

The experiment control.

 Whether the same conclusion derived both in the
system and the existing non modeled domain,
 Whether

reducing

dependencies

effected

conclusion differences.
By testing this aspect it can arrive at a conclusion
that the commonsense knowledge modeling system
works in an agreeable way with a domain expert.
9.1 Reasoning for Different Conclusion Made between
the System and Ayurvedic Expert
It is expected that overall conclusion about the system
and expert modeling in such domain would be same. On
this assumption, the evaluation proved that the percentage
of same overall conclusion made by the system and the
Ayurvedic expert is 77% (Tables 3 and 4).
9.2 Reasoning for Knowledge Classification Ability in
the System
The system has classified knowledge objectively by
giving numerical values (percentages of human
constitutions types) in all layman-systems interactions
(100%), which were not done by Ayurvedic experts in
layman-Ayurvedic expert interactions. Therefore
Ayurvedic expert could classify knowledge
subjectively without giving numerical measurements
(fine-tuning ability), which is insufficient to prove
fundamentals of Ayurveda. So this enables to justify
fine-tuning ability of the system.
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Table 3 System testing: expert vs. system.
Vata
25.71
32.95
39.88
27.65
25.69
33.58
25.71
32.21
22.51
20.37
30.6
29.71
41.07
34.5
23.46
35.27
42.36
23.01
47.94
14.03
19.15
22.46
40.47
30.28
12.71
11.18
11.24
23.44
17.09
33.09

Pitta
20.71
23.86
23.81
46.1
29.36
24.09
34.28
31.54
29.8
30.56
35.52
17.39
10.71
32.16
28.57
30.77
36.11
35.71
19.86
35.96
36.88
25.36
26.78
29.58
44.92
40
40.24
26.9
36.75
30.15

Kapha
53.57
43.18
36.31
26.24
44.95
42.34
40
36.24
47.68
49.07
33.88
52.9
48.21
33.33
47.96
33.97
21.53
41.27
32.19
50
43.97
52.17
32.74
40.14
42.37
48.82
48.52
49.66
46.15
36.76

Expert_decision
KV
VP
VP
KP
KV
KV
KP
KV
KP
PK
PK
KV
KV
KV
PK
KV
VP
PK
KV
PK
PK
PK
PK
KV
PK
PK
PK
PK
KV
KV

9.3 Reasoning for Further Analysis Ability in the
System
System has given further explanations for derived
answers such as possible mental diseases,
predominated constitute type, in dominated constitute
type and it was about 100% of system-user interactions.
But Ayurvedic expert could not give further analysis
about derived answers as subjective measurement and
it was about 0% of Ayurvedic expert- user interactions.
This is proved by the user preference of the system
in reasoning the derived answers.
It has been observed that only 77% of conclusions
made by the sample have been emulated with both
system and Ayurvedic expert. Difference of 23% has

Table 4

Comparission of conclusions: expert vs. system.

Vata

Pitta

Kapha

Expert_decision

Conclusion

25.71
33.58
25.71
32.21
22.51
20.37
30.6
29.71
41.07
34.5
23.46
35.27
23.01
47.94
14.03
19.15
22.46
30.28
12.71
11.18
11.24
23.44
33.09

20.71
24.09
34.28
31.54
29.8
30.56
35.52
17.39
10.71
32.16
28.57
30.77
35.71
19.86
35.96
36.88
25.36
29.58
44.92
40
40.24
26.9
30.15

53.57
42.34
40
36.24
47.68
49.07
33.88
52.9
48.21
33.33
47.96
33.97
41.27
32.19
50
43.97
52.17
40.14
42.37
48.82
48.52
49.66
36.76

KV
KV
KP
KV
KP
PK
PK
KV
KV
KV
PK
KV
PK
KV
PK
PK
PK
KV
PK
PK
PK
PK
KV

matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched
matched

been shown due to model refinement process carried
out by the Principal Component Analyzer. This leads to
the reduction of the dependency among questions in the
questionnaire. In normal consultancy process of
classification of humeral constitutions, Ayurvedic
expert may ask repeated questions by mistake due to
large number of consultations. In current practice
Ayurvedic expert can identify constitute type of a
patient subjectively. But classifying constitutions type
in percentages enhances the system. This leads to
convince the fundamentals of Ayurveda according to
classification of humeral constitutions. According to
fundamentals of Ayurveda in classifying humeral
constitution types, it has been stated that all
constitutions types consist of a combination. Possible
mental diseases that can be happened due to
predominated humeral constitution type have been
observed. But system gives a chance of handling that
part which enhances to measure the effect of minimum
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constitution type for a mental disease.

10. Discussion
In this approach the domain experts are encouraged
to present their knowledge to construct more useful
questionnaire. However, different experts may propose
different questionnaire since their emphasis of domain
knowledge is different. At present the system is based
on one expert view of the domain knowledge.
Eventually PC analysis will be done on that knowledge
and generate the appropriate fuzzy membership
functions for classifying knowledge. Reasoning for
classified knowledge has been achieved by expert
system technology.
The key feature required to test in the system the
authors developed is whether the system represents
modeling commonsense knowledge, which is
considered as inconsistent process in real world
applications. At the model refinement stage 25
principal components have been identified using 100
laymen. This was due to the dependencies among
questions in the questionnaire. Further, this leads to the
reduction of dependencies among the questions in the
questionnaire. The evaluation of model for modeling
commonsense knowledge, was carried out using a
group of 30 laymen by an Ayurvedic expert. The
knowledge classification process has been done in
terms of objective measurement. The selected
evaluation of recognition of humeral constitutions has
been classified in to vata, pitta and kapha in
percentages (objective measurement). This stage is
directly integrated with proceeding model refinement
stage. Reasoning for objective measurement has been
further investigated. At this stage the authors
concluded that overall investigation of humeral
constitutions leads to several approaches such as
possible mental diseases, dominated humeral
constitution type. It was identified that modeling of
commonsense knowledge in existing expert systems is
not sufficient.
The overall system facilitates for a user in modeling
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tacit knowledge that has not been modeled in existing
mechanisms. This is considered as inconsistency and
unable to extract useful conclusions. Further total
observations defined on a philosophical theory, which
is based on commonsense knowledge, cannot be
obtained. In the evaluation process of the system,
classification of humeral constitutions in current
practice of Ayurvedic medicine has been taken into
account. The current practice of classification of
humeral constitutions is based on Ayurvedic theory
called prakuthi pariksha. But certain observations
defined on this theory cannot be obtained.
The performances of the system have been
compared with an Ayurvedic expert using the
observations derived from a practice of classification
of humeral constitutions. Similar type of conclusions
made by both system and Ayurvedic expert is about
77%. Ayurvedic expert identified only a humeral
constitution type where as system identified total
humeral constitutions types in percentages. Further
reasoning for derived conclusions has given only by the
system such as possible mental diseases, constitutions
types and predominance constitution type.

11. Conclusions
The commonsense knowledge modeling system in
clinical psychology for Ayurvedic medicine can be
used for recognition of human constituents and its
possible mental diseases. Knowledge modeling
approach for modeling commonsense knowledge in
psychological assessment enables holistic approach for
clinical psychology. The system has been reached the
objectives of finding type of dosa (constituent type:
vata, pitta, kapha) in percentages, dominant type of
dosa and possible metal disease based on type of dosa.
The users of the system are not expected to hold
knowledge in statistical or artificial intelligence
techniques. This system can also maintain history of
patients for research related human constitutes. It
should be noted that with the help of Artificial
Intelligence technologies the authors have improved
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the correctness of the decision making process in
relation to the use of traditional questionnaire for
psychological assessment in clinical psychology
integrated on Dosa in which one of the three
root-causes of unskillful or un-wholesome actions
(akusala-mula) and prakurthi pariksha in clinical
psychology of Auyvedic medicine. This eliminates the
inconsistencies and repetitiveness of answers and also
provides a means for explanation of reasons for
answers. The system can be further developed as a
comprehensive learning system with access to the
Internet. Evaluation of the system has shown 77%
accuracy.
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