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ABSTRACT

An interactive motivation-attitude theory is developed based on the Layered Reference Model of the Brain
(LRMB) and the Object-Attribute-Relation (OAR) model. This paper presents a rigorous model of human
perceptual processes such as emotions, motivations, and attitudes. A set of mathematical models and formal
cognitive processes of perception is developed. Interactions and relationships between motivation and
attitude are formally described in Real-Time Process Algebra (RTPA). Applications of the mathematical
models of motivations and attitudes in software engineering are demonstrated. This work is a part of the
formalization of LRMB, which provides a comprehensive model for explaining the fundamental cognitive
processes of the brain and their interactions. This work demonstrates that the complicated human emotional
and perceptual phenomena can be rigorously modeled and formally treated based on cognitive informatics
theories and denotational mathematics.

Keywords: attitude; cognitive informatics; cognitive model,; emotion;, LRMB, mathematical model;
motivation; PAR; perceptional processes;, RTPA; the brain
INTRODUCTION 2006; Wang, Wang, Patel, & Patel, 2006) that

A variety of life functions and cognitive pro-
cesses hasbeenidentified in cognitive informat-
ics (Wang, 2002a,2003a,2007b) and cognitive
psychology (Payne & Wenger, 1998; Pinel,
1997; Smith, 1993; Westen, 1999; Wilson &
Keil, 1999). In order to formally and rigorously
describe a comprehensive and coherent set of
mental processes and their relationships, an
LRMB has been developed (Wang & Wang,

explains the functional mechanisms and cog-
nitive processes of the brain and the natural
intelligence. LRMB encompasses 39 cognitive
processes at six layers known as the sensation,
memory, perception, action, meta and higher
cognitive layers from the bottom up.

Definition 1: Perception is a set of internal
sensational cognitive processes of the brain at
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the subconscious cognitive function layer that
detects, relates, interprets, and searches internal
cognitive information in the mind.

Perception may be considered as the sixth
sense of human beings since almost all cognitive
life functions rely on it. Perception is also an
important cognitive function atthe subconscious
layers that determines personality. In other
words, personality is a faculty of all subcon-
scious life functions and experience cumulated
viaconscious life functions. Itis recognized that
a crucial component of the future generation
computers known as the cognitive computers
is the perceptual engine that mimic the natural
intelligence (Wang, 2006, 2007¢).

The main cognitive processes at the percep-
tion layer of LRMB are emotion, motivation,
and attitude (Wang et al., 2006). This article
presents a formal treatment of the three per-
ceptual processes, their interrelationships, and
interactions. It demonstrates that complicated
psychological and cognitive mental processes
may be formally modeled and rigorously de-
scribed. Mathematical models of the psycho-
logical and cognitive processes of emotions,
motivations, and attitudes are developed in the
following three sections. Then, interactions and
relationships between emotions, motivations,
and attitudes are analyzed. Based on the inte-
grated models of the three perception processes,
the formal description ofthe cognitive processes
of motivations and attitudes will be presented
using RTPA (Wang, 2002b, 2003c, 2006b,
2007a). Applications of the formal models of
emotions, motivations, and attitudes will be

Table 1. Taxonomy of emotions

demonstrated in a case study on maximizing
strengths of individual motivations in software
engineering.

THE HIERARCHICAL MODEL
OF EMOTIONS

Emotions are a set of states or results of per-
ception that interprets the feelings of human
beings on external stimuli or events in the binary
categories of pleasant or unpleasant.

Definition 2: An emotion is a personal feeling
derived from ones current internal status,
mood, circumstances, historical context, and
external stimuli.

Emotions are closely related to desires
and willingness. A desire is a personal feeling
or willingness to possess an object, to conduct
an interaction with the external world, or to
prepare for an event to happen. A willingness
is the faculty of conscious, deliberate, and
voluntary choice of actions.

According to the study by Fischer, Shaver,
and Carnochan (1990) and Wilson and Keil
(1999), the taxonomy of emotions can be
described at three levels known as the sub-
category, basic, and super levels as shown in
Table 1.

It is interesting that human emotions at the
perceptual layer may be classified into only two
opposite categories: pleasant and unpleasant.
Various emotions in the two categories can be
classifiedatfivelevelsaccording to its strengths
of subjective feelings as shown in Table 2
(Wang, 2005), where each level encompasses

Level Description
Super level Positive (pleasant) Negative (unpleasant)
Basic level Joy Love Anger Sadness Fear
Sub-category level Bliss, pride, fondness, Annoyance':, hostility, Agoqy, grief, guilt, Horror, worry
contentment | infatuation | contempt, jealousy loneliness
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Table 2. The hierarchy of emotions

Level Description
(Positive/Negative) P
0 | No emotion -
) Comfort | Safeness, contentment, fulfillment, trust
1 | Weak emotion - - - -
Fear Worry, horror, jealousy, frightening, threatening
. Joy Delight, fun, interest, pride
2 | Moderate emotion - - - -
Sadness | Anxiety, loneliness, regret, guilt, grief, sorrow, agony
) Pleasure | Happiness, bliss, excitement, ecstasy
3 | Strong emotion - - -
Anger Annoyance, hostility, contempt, infuriated, enraged
) Love Intimacy, passion, amorousness, fondness, infatuation
4 | Strongest emotion - - -
Hate Disgust, detestation, abhorrence, bitterness

a pair of positive/negative or pleasant/unpleas-
ant emotions.

Definition 3: The strength of emotion |E | is a
normalized measure of how strong a person's
emotion on a five-level scale identified from 0
through 4, that is:
0<|E <4 (1)

where |E | represents the absolute strength of
an emotion regardless whether it is positive
(pleasant) or negative (unpleasant), and the
scope of |E | is corresponding to the definitions
of Table 2.

It is observed that an organ known as /y-
pothalamus in the brain is supposed to interpret
the properties or types of emotions in terms of
pleasant orunpleasant (Payne & Wenger, 1998;
Pinel, 1997; Smith, 1993; Wang et al., 2006;
Westen, 1999).

Definition 4: Let T, be a type of emotion, ES the
external stimulus, IS the internal perceptual
status, and BL the Boolean values true or false.
The perceptual mechanism of the hypothalamus
can be described as a function, that is:

T :ESxIS— BL 2)

Itisinteresting that the same event or stimu-
lus ES may be explained in different types, in
terms of pleasant or unpleasant, due to the dif-
ference of the real-time context of the perceptual
status /S of the brain. For instance, walking from
home to the office may be interpreted as a pleas-
ant activity for one who likes physical exercise,
but the same walk due to car breakdown will
be interpreted as unpleasant. This observation
and the taxonomy provided in Tables 1 and 2
leads to the following Theorem.

Theorem 1: The human emotional system is
a binary system that interprets or perceives
an external stimulus and/or internal status as
pleasant or unpleasant.

Although there are various emotional
categories in different levels, the binary emo-
tional system of the brain provides a set of
pairwise universal solutions to express human
feelings. For example, angry may be explained
as a default solution or generic reaction for an
emotional event when there is no better solution
available; otherwise, delight will be the default
emotional reaction.
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THE MATHEMATICAL MODEL
OF MOTIVATIONS

Motivationis aninnate potential power ofhuman
beings that energizes behavior. It is motivation
that triggers the transformation from thought
(information) into action (energy). In other
words, human behaviors are the embodiment of
motivations. Therefore, any cognitive behavior
is driven by an individual motivation.

Definition 5: A motivation is a willingness or
desire triggered by an emotion or external
stimulus to pursue a goal or a reason for trig-
gering an action.

Asdescribedin LRMB (Wangetal.,2006),
motivation is a cognitive process of the brain at
the perception layer that explains the initiation,
persistence, and intensity of personal emotions
and desires, which are the faculty of conscious,
deliberate, and voluntary choices of actions.

Motivation is a psychological and social
modulating and coordinating influence on the
direction, vigor, and composition of behavior.
This influence arises from a wide variety of
internal, environmental, and social sources, and
is manifested at many levels of behavioral and
neural organizations.

The taxonomy of motives can be classified
into two categories known as learned and un-
learned (Wittig, 2001). The latter is the primary
motives such as the survival motives (hunger,
thirst, breath, shelter, sleep, and eliminating
pain). The former are the secondary motives
such as the need for achievement, friendship,
affiliation, dominance of power, and relief
anxiety, which are acquired and extended based
on the primary motives.

Definition 6: The strength of motivation M is a
normalized measure of how strong a person's
motivation on a scale of 0 through 100, that
is:

0<M<100 3)

where M = 100 is the strongest motivation and
M =0 is the weakest motivation.

Itis observed that the strength of a motiva-
tion is determined by multiple factors (Westen,
1999; Wilson & Keil, 1999) such as:

a. The absolute motivation |E |: The strength
of the emotion.

b. The relative motivation E - S: A relative
difference or inequity between the ex-
pectancy of a person E for an object or
an action towards a certain goal and the
current status S of the person.

c. The cost to fulfill the motivation C: A
subjective assessment of the effort needed
to accomplish the expected goal.

Therefore, the strength of a motivation can
be quantitatively analyzed and estimated by the
subjective and objective motivations and their
cost as described in the following theorem.

Theorem 2: The strength of a motivation M is
proportionalto both the strength of emotion |E |
and the difference between the expectancy of
desire E and the current status S, of a person,
and is inversely proportional to the cost to ac-
complish the expected motivation C, that is:

25|, | «(E-S)
- “4)

where 0< |E | <4,0<(ES)<10,1<C<10,
and the coefficient 2.5 makes the value of M
normalized in the scope of [0 .. 100].

In Theorem 2, the strength of a motivation
is measured in the scope 0 < M < 100. When M
> 1, the motivationis considered being a desired
motivation, becauseitindicates both an existing
emotion and a positive expectancy. The higher
the value of M, the stronger the motivation.

According to Theorem 2, in a software
engineering context, the rational action of a
manager of a group is to encourage individual
emotional desire, and the expectancy of each
software engineer and to decrease the required
effort for the employees by providing additional
resources or adopting certain tools.

M=
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Corollary 1: There are super strong motiva-
tions toward a resolute goal by a determined
expectancy of a person at any cost.

It is noteworthy that a motivation is only
a potential mental power of human beings,
and a strong motivation will not necessarily
result in a behavior or action. The condition for
transforming a motivation into a real behavior
or action is dependent on multiple factors, such
as values, social norms, expected difficulties,
availability of resources, and the existence of
alternative goals.

The motivation of a person is constrained
by the attitude and decision-making strate-
gies of the person. The former is the internal
(subjective) judgment of the feasibility of the
motivation, and the latter is the external (social)
judgment of the feasibility of the motivation.
Attitude and decision-making mechanisms will
be analyzed in the following subsections.

THE MATHEMATICAL MODEL
OF ATTITUDES

Asdescribed in the previous section, motivation
isthe potential power that may trigger an observ-
able behavior or action. Before the behavior is
performed, itisjudged by an internal regulation
system known as the attitude.

Psychologists perceive attitude in various
ways. Fazio (1986) describes an attitude as an
association between an act or object and an
evaluation. Eagly and Chaiken (1992) define
that an attitude is a tendency of a human to
evaluate a person, concept, or group positively
ornegatively in a given context. More recently,
Wittig (2001) describes attitude as a learned
evaluative reaction to people, objects, events,
and other stimuli. Attitudes may be formally
defined as follows.

Definition 7: An attitude is a subjective tendency
towards a motivation, an object, a goal, or an
action based on an intuitive evaluation of its
feasibility.

The modes of attitudes can be positive or
negative, which can be quantitatively analyzed
using the following model.

Definition 8. The mode of an attitude A is
determined by both an objective judgment of
its conformance to the social norm N and a
subjective judgment of its empirical feasibility
E that is:

LN=TAF=1
A=10 N—rvF—tF

)

where 4 = 1 indicates a positive attitude; oth-
erwise, it indicates a negative attitude.

INTERACTIONS BETWEEN
MOTIVATION AND ATTITUDE

This section discusses the relationship between
the set of interlinked perceptual psychological
processes such as emotions, motivations, at-
titudes, decisions, and behaviors as formally
modeled in the preceeding sections. A motiva-
tion/attitude-driven behavioral model will be
developed for formally describing the cognitive
processes of motivations and attitudes.

It is observed that motivation and attitude
have considerable impact on behavior and
influence the ways a person thinks and feels
(Westen, 1999). A reasoned action model is
proposed by Fishbein and Ajzen (1975) that
suggests human behavior is directly generated
by behavioral intensions, which are controlled
by the attitude and social norms. An initial
motivation before the judgment by an attitude
is only a temporal idea; with the judgment of
the attitude, it becomes a rational motivation
(Wang et al., 2006), also known as the behav-
ioral intention.

The relationship between an emotion, mo-
tivation, attitude, and behavior can be formally
and quantitatively described by the Motiva-
tion/Attitude-Driven Behavior(MADB) model
as illustrated in Figure 1. In the MADB model,
motivation and attitude have been defined in
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Figure 1. The motivation/attitude-driven behavior (MADB) model

Satisty/dissatisty
3| Motivati M Rational M, B T
> Motvation motivation | ﬂ Behavior | ®] Outcome
Stimuli D
— Emotion Attitude Decision
(Perceptual (physical
——p|  feasibility) feasibility)
Strengthen/] F
Y
Auvailability
Values/ . of time.
social Experience 4
s resources,
and energy
4
Internal process External process
i i i i 25| E o (E-
quagons 4 and 5. The rational motivation, LM .p= 25" - |~ (ES) 4. p-1
decision, and behavior can be quantitatively £ = ,
. . X F, otherwise
analyzed according to the following defini-
tions. It is noteworthy that, as shown in Figure )

1, a motivation is triggered by an emotion or
desire.

Definition 9: A rational motivation M is a
motivation regulated by an attitude A with a
positive or negative judgment, that is:

M, =M+ A

25| E, | «(E-S)
C

4 ©

Definition 10: A decision D for confirming an
attitude for executing a motivated behavior is a
binary choice on the basis of the availability of
time T, resources R, and energy P, that is:

L, TARAP =1

- (7
0, TVRVP=F

D

Definition 11. A behavior B driven by a moti-
vation M_and an attitude is a realized action
initiated by a motivation M and supported by
a positive attitude A and a positive decision D
toward the action, that is:

FORMAL DESCRIPTION OF
COGNITIVE PROCESSES OF
MOTIVATION AND ATTITUDE

The formal models of emotion, motivation,
and attitude have been developed in previ-
ous sections. This section extends the models
and their relationship into detailed cognitive
processes based on the OAR model (Wang,
2007d) and using RTPA (Wang, 2002b, 2003c¢,
2006b, 2007a), which enable more rigorous
treatment and computer simulations of the
MADB model.

The Cognitive Process of
Motivations

The mathematical model of rational motivation
is described in Equation 6. Based on Equation
6, the cognitive process of motivation is pre-
sented in Figure 2. The motivation process is
divided into four major sub-processes known
as: (1) to form motivation goal; (2) to estimate
strength of motivation; (3) to form rational
motivation; and (4) to stimulate behavior for
the motivation.
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Figure 2. The cognitive process of motivation

The Motivation Process

Motivation (I:: 08; O:: OAR ST) £

{ I. Form motivation goal(s)
— Objectldentification (0, A ,R)

1. Estimate strength of motivation M(o)N
— Quantify (E(o)N)
— Quantify (S(o)N)
— Quantify (E(o)N)
— Quantify (C(o)N) // The cost to accomplish
- M(O)“ — 2.5 Em(o)“ O(E(O)“"S(O) )

// The strength of emotion
// The current status

// The expectancy of desire

C(o)N
S (@Mo)N>1
— OGM@O)BL=T // Positive motivation
| &~
— ©M(o)BL=F // Negative motivation
)

Ill. Check the mode of attitude A(o)N
// Refer to the Attitude process

IV. Form rational motivation M,(0)
— M,(0)N := M(o)N e A(0)N
—( @M(N>1
— OM,(0)BL=T
| &~

— ®Mi(0)BL=F

// Rational motivation

// Trrational motivation

)

V. Determine physical availability D(o)N
// Refer to the Attitude process

VI. Stimulate behavior for M,(0)

—( ®DON=1 // Tmplement motivation o

— GenerateAction (M(0))
— ExecuteAction (M.(0))
— R =R U <o, M{(0)>

| &~

—D(O)N:=0
— 0=

— R :

// Give up motivation o

— OAR ST=<O0uUo0,A UA ,RUR >//Form new OAR model
— Memorization (OAR ST)

H
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The MADB model provides a formal ex-
planation of the mechanism and relationship
between motivation, attitude, and behavior.
The model can be used to describe how the
motivation process drives human behaviors
and actions, and how the attitude as well as
the decision-making process help to regulate
the motivation and determines whether the
motivation should be implemented.

The Cognitive Process of Attitudes

The mathematical model of attitude has been
described in Equation 5. Based on Equation 5,
the cognitive process of attitude is presented in
Figure 3. The attitude process is divided into
three major sub-processes knownas: (1) to check
the mode of attitude; (2) to determine physical
availability; and (3) to stimulate behavior for
the motivation.

The Integrated Process of
Motivation and Attitudes

According to the MADB model and the for-
mal description of the motivation and attitude
processes as shown in Figures 1 through 3, the
cognitive processes of motivation and attitude
areinterleaved. Anintegrated process that com-
bines both motivation and attitude is given in
Figure 4 via the following sub-processes: (1) to
form motivation goals; (2) to estimate strength
of motivation; (3) to check the mode of attitude;
(4) to formrational motivation; (5) to determine
physical availability; and (6) to stimulate be-
havior for the rational motivation.

MAXIMIZING STRENGTHS OF
INDIVIDUAL MOTIVATIONS

Studies in sociopsychology provide a rich
theoretical basis for perceiving new insights
into the organization of software engineering.
It is noteworthy that in a software organiza-
tion, according to Theorem 2, the strength of a
motivation of individuals M is proportional to
both the strength of emotion and the difference
between the expectancy and the current status
of a person. At the same time, it is inversely
proportional to the cost to accomplish the ex-

pected motivation C. The job of management
at different levels of an organization tree is to
encourage and improve £ and £, and to help
employees to reduce C.

Example 1: In software engineering project
organization, the manager and program-
mers may be motivated to the improvement of
software quality to a different extent. Assume
the following factors as shown in Table 3 are
collected from a project on the strengths of
motivations to improve the quality of a software
system, analyze how the factors influence the
strengths of motivations of the manager and
the programmers.

According to Theorem 2, the strengths of
motivations of the manager M, and the pro-
grammers M, can be estimated using Equation
4, respectively:

2.5 . ‘ Em | * (E_S)

M, (manager) = C
25444 (8-5)
B 3
=10.0
and
2.5 3.6 (8-
M,(programer) = 5:36-(8-6)

8
=23

Theresults show thatthe manager has much
stronger motivation to improve the quality of the
software system than that of the programmers in
the given project. Therefore, the rational action
for the manager is to encourage the expectancy
of the programmers or to decrease the required
effort for the programmers by providing addi-
tional resources or adopting certain tools.

According to sociopsychology (Wiggins,
Eiggins, & Zanden, 1994), social environment,
such as culture, ethical norms, and attitude
greatly influences people’s motivation, behav-
ior, productivity, and quality towards collabora-
tive work. The chain of individual motivation
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Figure 3. The cognitive process of attitude

The Attitude Process

Attitude (I:: 08; O:: OAR ST) &
{ I. Form motivation goal(s)
— Objectldentification (0o, A ,R)

1. Estimate strength of motivation M(o)N
// Refer to the Motivation process

Ill. Check the mode of attitude A(o)N
// Perceptual feasibility

— Qualify (N(o)BL) // The social norm
— Qualify (F(o)BL) // The subjective feasibility
(@ N@©O)BLAF()BL=T
— AN :=1
| &~
— A(o)N:=0
)

IV. Form rational motivation M,(0)
// Refer to the Motivation process

V. Determine physical availability D(o)N

— Qualify (T(o)BL) // The time availability
— Qualify (R(o)BL) // The resource availability
— Qualify (P(o)BL) // The energy availability
— ( © T(o)BL A R(0)BLA P(0)BL=T
—D()N:=1 // Confirmed motivation
|~
— D(o)N:=0 // Infeasible motivation

VI. Stimulate behavior for M,(0)

—( ®DO)N=1 // Tmplement motivation o
— GenerateAction (M,(0))
— ExecuteAction (M,(0))
— R =R U <o, M{(0)>

| &~ // Give up motivation o

— D()N:=0
—0:=
—R =

)
— OAR ST=<O U0, A UA ,RUR >//Form new OAR model
— Memorization (OAR 8T)

¥

Table 3. Motivation factors of a project

Role E_ C E S
The manager 4 3
Programmers 3.6 8 8 6
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Figure 4 The integrated process of motivation and attitude

The Motivation and Attitude Process

Motivation-Attitude (I:: 0S; O:: OAR ST) £
{ I. Form motivation goal(s)
— Objectldentification (0, A ,R)

Il. Estimate strength of motivation M(o)N

— Quantify (E.(0)N) // The strength of emotion
— Quantify (S(o)N) // The current status
— Quantify (E(o)N) // The expectancy of desire
— Quantify (C(o)N) // The cost to accomplish
— 2.5 E,(o)N c (E(o)N-S(0)N)

M(o)N = Tl

(@ M@ON>1
— GM()BL=T // Positive motivation
| &~
— ®M(o)BL=F // Negative motivation
)

11l. Check the mode of attitude A(o)N
// Perceptual feasibility

— Qualify (N(o)BL) // The social norm
— Qualify (F(o)BL) // The subjective feasibility
— ( ® N(o)BL A F(o)BL=T
— AN =1
| &~
— A(N:=0

V. Form rational motivation M,(o)
— M,(0)N :=M(o)N e A(0)N
— ( ® M(o)N>1
— OM,(0)BL=T // Rational motivation
|~
— ®M,(o)BL=F // Irrational motivation

)
V. Determine physical availability D(o)N

— Qualify (T(o)BL) // The time availability
— Qualify (R(o)BL) // The resource availability
— Qualify (P(o)BL) // The energy availability
— ( © T(0)BL AR(0)BLAP(0)BL=T
— D(o)N:=1 // Confirmed motivation
[&~
—D()N:=0 // Infeasible motivation

VI. Stimulate behavior for M,(o)
—( ®DON=1 // Implement motivation o
— GenerateAction (M(0))
— ExecuteAction (M(0))
— R =R U <o, My(0)>
| &~ // Give up motivation o
—D()N:=0

— 0=

—R =

)
— OAR 8T=<OuUo0,AUA ,R UR>//Form new OAR model
— Memorization (OAR ST)

}
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Figure 5 The chain of motivation in a software organization

Basic Motivation Behavior » Productivity >

human T 7y i Organizational
needs ' ' -

of ! . objectives
individuals Attitude g Quality [~

A A | A A

The social environment of software engineering

in a software organization can be illustrated as
shown in Figure 5.

Cultures and values of a software develop-
mentorganization helps to establish a set of ethi-
cal principles or standards shared by individuals
of'the organization for judging and normalizing
social behaviors. The identification of a larger
set of values and organizational policy towards
social relations may be helpful to normalize
individual and collective behaviors in a soft-
ware development organization that produces
information products for a global market.

Another condition for supporting creative
work of individuals in a software development
organization is to encourage diversity in both
ways of thinking and work allocation. It is ob-
served in social ecology that a great diversity
of species and a complex and intricate pattern
of interactions among the populations of a
community may confer greater stability on an
ecosystem.

Definition 12: Diversity refers to the social
and technical differences of people in working
organizations.

Diversity includes a wide range of differ-
ences between people such as those of race,
ethnicity, age, gender, disability, skills, edu-
cations, experience, values, native language,
and culture.

Theorem 3: The diversity principle states that
the more diversity of the workforce in an or-
ganization, the higher the opportunity to form
new relations and connections that leads to the
gain of the system fusion effect.

Theorem 3 is particularly useful for soft-
ware development organizations where creative
work products are engineered. System theory
indicates that if the number of components of
a system reaches a certain level—the critical
mass—then the functionality ofthe system may
be dramatically increased (Wang, 2007a). That
is, the increase of diversity in a system is the
condition to realize the system fusion effect,
which results in a more powerful system with
newly created relations and behaviors that only
belong to the system as a whole.

CONCLUSION

This article has described the perceptual pro-
cesses of emotions, motivations, and attitudes
based on which complicated psychological and
mental processes may be formally modeled and
rigorously explained. Relationships and inter-
actions between motivation and attitude have
been formally described in RTPA. It has been
recognized that the human emotional system
is a binary system that interprets or perceives
an external stimulus and/or internal status as
in the categories of pleasant or unpleasant. It
has revealed that the strength of a motivation is
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proportional to both the strength of the emotion
and the difference between the expectancy of
desire and the current status of a person and is
inversely proportional to the costto accomplish
the expected motivation. Case studies on ap-
plications of the interactive motivation-attitude
theory and cognitive processes of motivations
and attitudes in software engineering have
been presented.

This work has demonstrated that the
complicated human emotional and perceptual
phenomena, as well as their natural drives and
constraints, can be rigorously modeled in de-
notational mathematics and be formally treated
and described. This work has been based on two
fundamental cognitive informatics models: the
LRMB and the OAR model. The former has
provided a blueprint to exploring the natural
intelligence and its mechanisms. The latter
has established a contextual foundation to re-
veal the logical representation of information,
knowledge, and skills in the perceptual space
of the brain.
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