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Abstract: Boolean logic appears to be unable to draw conclusions iprésence of inconsistent and/or incomplete
information. Fortunately, what seems to be impossible teesapplying binary logic can be achieved using non-
binary logic. In this work we use the theory of many-valueito facilitate the deductive process of knowledge

assessment.
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1

Nearly all intelligent tutoring systems are asking stu-
dents to point the correct answer (in case of exactly
one correct answer), to recognize all correct answers
(in case several correct answers are suggested), or to
provide a solution (if the system suggests open ended
guestions). Such systems do not provide customized
guidance if f. ex. a question receives an incorrect an-
swer or is hot answered at all.

In this paper we discuss automated assessment of
students’ understanding of new components. Applica-
tion of a many-valued logic allows the system to han-
dle situations with inconsistent and/or incomplete in-
put. Many-valued logic is a generalization of Boolean
logic and as such offers solutions to many Boolean
problems.

The rest of the paper is organized as follows. Re-
lated work and statements from many-valued logic is
presented in Section 2. System responses are placed
in Section 3. The system architecture is described in
Section 4. The paper ends with a conclusion in Sec-
tion 5.

| ntroduction

2 Background

Let P be a non-empty ordered set. dfip{z,y} and
inf{z,y} exist for allz,y € P, thenP is called a
lattice [1]. In a lattice illustrating partial ordering of
knowledge values, the logical conjunction is identi-
fied with the meet operation and the logical disjunc-
tion with the join operation.

A three-valued logic, known as Kleene’s logic is
developed in [8] and has three truth values, truth, un-
known and false, where unknown indicates a state of

knowledge

>
truth

Figure 1: Kleene’s strong 3-valued logic

partial vagueness (Fig. 1). These truth values repre-
sent the states of a world that does not change. Two
natural orderings concerning 'amount of knowledge’
and 'degree of truth’ are suggested [2]. Thus applay-
ing '’knowledge’ ordering we place the value unknown
below both truth and false, while applaying 'degree of
truth’ ordering results in unknown better than false,
and truth better than unknown, i.e. false, unknown,
truth.

A brief overview of a six-valued logic, which is
a generalized Kleene’s logic, has been first presented
in [10]. The six-valued logic was described in more
detail in [6]. In [2] this logic is further developed by
assigning probability estimates to formulas instead of
non-classical truth values.



na— uncertain
knowledge System response - hints and two new questions
from the database.
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e 1na lia — doubt.
System response - hints and the same questions.

e 2ia — lack of understanding.
System response - hints and the same questions
plus one new question from the database.

Notations

e ca- correct answer,

e Na- no answer is provided, and

truth L
e |a - Incorrect answer.

Figure 2: Knowledge lattice _
4 System Architecture

The six-valued logic distinguishes two types of The system can be implemented using a LAMP Web
unknown knowledge values - permanently or eternally - server infrastructure and a deployment paradigm. It
unknown value and a value representing current lack s a combination of free software tools of an Apache

of knowledge about a state [5]. _ Web server, a database server and a scripting program-
A lattice showing a partial ordering of the truth  ming platform on a Linux operating environment.
valuesfalsg unknowr, unknown unknown, contra- Communication framework based on XML-RPC

diction, true by degree of knowledge is presented in s used to connect the Web application middle-ware
Flg 2. The knowledge lattice illustrates how the truth and the inte”igent assessment/diagnostic system to-
value of a formula that has a temporary truth value gether.

can be changed as more knowledge becomes avail- A dynamic page publisher compiles a page to be
able. Suppose a sentence has a truth vahi@own presented to the user from a template file in relation to

atone point of time anthlseat another. Its truthvalue  the user response, current state variables and activities
is then determined dalse i.e. the system allows be-  history.

lief revision as long as the revision takes place in an An intelligent assessment agent provides an early
incremental knowledge fashion. diagnostic about absorption of knowledge.
3 System Response 5 Conclusion

Each test is composed of two questions, where under- Thjs paper presents an intelligent sub-system assess-
standing of a component is achieved if a student gives g students initial understanding of new terms. The
a correct answer to each of the two questions about gecision making process is based on many-valued

that component. o logic. Our motivation for employing such logic is that
Applying on the theory of many-valued logic in 3 system based on it will be of better assistance to both
[3], and [4] we propose the following: students and course builders.

e 2 ca— understanding.
System response - terminate questioning.
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