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Abstract. In this paper, the user interface design of an intelligent tutoring system is illustrated with a special focus on
how to push through learn-by-doing while guiding a student through the normalization process from 1NF to 3NF. The
ultimate goal of this project is to use this system as a virtual tutor to additionally facilitate a students learning of relational
database schema normalization. An intelligent tutoring system is created as additional assistance to both instructors and
students. This system can be adopted as in-class courseware or out-class tutoring system. In this application domain,
real-life tutoring is emulated by the collaboration of five modules: student modeling, instruction modeling, session inventory,
dynamic lesson planning, and user interface. The synergistic effect between a tutoring system and a student is also discussed.
This study would benefit a large number of students within a confined domain of knowledge.

INTRODUCTION
ANT (A Normalization Tutor) is an intelligent tutoring

system inspired by the purpose of tutoring students in the do-
main of relational database schema normalization from First
Normal Form (1NF) to third Normal Form (3NF). The ulti-
mate goal is using this system as a virtual tutor to additionally
facilitate the knowledge acquisition in this tutoring domain.
Cognitive studies showed that students being tutored privately
can learn approximately four times faster than students attend-
ing traditional classroom lectures [1]. Considering the limited
availability as well as affordability of hiring private tutors, the
most practical alternative is to be tutored by intelligent tutoring
systems.

An intelligent tutoring system is also known as a virtual
tutoring system. In some way, it is like a goal-based agent
which is a software component with built-in intelligence to help
and support a user for some computational purposes [2]. While
most of the software agents are designed to be personal assis-
tants such as filtering emails, locating documents, or scheduling
meetings [3], [4] an intelligent tutoring system is inspired by a
special cognitive purpose of conveying knowledge within the
intended domain to a student. A tutoring system can be used
as a courseware both inside and outside of classroom [5], [6].
In this paper, the user interface design of an intelligent tutoring
system is illustrated with a special focus on how to push through
learn-by-doing while guiding a student through the normaliza-
tion process from 1NF to 3NF. The ultimate goal of this project
is to use this system as a virtual tutor to additionally facilitate a
students learning of relation database schema normalization.

Concerning the facilitation of knowledge acquisition, a
tutoring system must be coped with the characteristics that make
real-life tutoring so efficient. The most essential effort towards
this efficiency is the emulation of real life learning environ-
ment and atmosphere that subsumes the tutor, the student and
the other pedagogical settings. In this application domain, the
real-life tutoring is emulated by the collaboration of five mod-
ules, namely the student modeling, the instruction modeling,
the session inventory, the dynamic lesson planning and the user
interface. Their interactions are illustrated in Figure 1.

Fig. 1 . The system architecture of ANT

During the run time, these five modules work together
as follows:

• The student modeling module is used to reflect a student’s
cognitive status of schema normalization. Based on the
student’s interaction with the system, this module con-
tinuously evaluates the student’s progress of knowledge

∗Corresponding author: Feng-Jen Yang
†Email: fyang@flpoly.org

c© 2016 The Author(s). Published by KKG Publications. This is an Open Access article distributed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License.

fyang@flpoly.org
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


71 F. J. Yang - The user interface design .... 2016

acquisition, and diagnoses the student’s misconceptions.
The overall learning status is then becoming the basis for
the virtual tutor to understand the current student.

• By consulting student modeling and domain knowledge,
the dynamic lesson planning module customizes a se-
quence of tutoring sessions for the current student.

• In accordance with the dynamic lesson begin planned,
the instruction modeling module mimics a human tutor
to conduct the planned tutoring sessions. In this system,
I adopted Socratic style of tutoring to avoid open-end
interactions between the virtual tutor and the real student
[7], [8].

• The session inventory module is a repository of prede-
fined tutoring sessions that involve normalization of rela-
tion schema from 1NF to 3NF.

• As an auxiliary module to facilitate learning, the user
interface is a vital design to push through learn-by-doing
and make a student feel comfortable and confident with
the virtual tutor.

LITERATURE REVIEW
The evolution of tutoring software developments has

gone through CAI (Computer Aided Instruction), CAL (Com-

puter Assisted Learning), CBT (Computer Based Training),
ICAI (Intelligent Computer Aided Instruction), and finally the
ITS (Intelligent Tutoring System) or VTS (Virtual Tutoring
System). These appellations are not only reflecting the advanc-
ing of implementation technology but also indicating a series
of paradigm shifting. While most of the early systems were
simply applying the same lesson and same teaching method to
every student without considering their variety of background
knowledge and learning progresses, most of the recent systems
are taking much more cognitive and pedagogical issues into
consideration. As a result, most of the recent systems are cable
of dynamically diagnosing a student’s misconceptions and take
remedial actions accordingly [2].

Although the detailed emulations of life tutoring could
be different from system to system, most of the early tutoring
paradigms can be concluded into a fundamental architecture
consisting of four modules namely the student module, the
teacher module, the expert module and the user interface mod-
ule. The interactions of these four modules are illustrated in
Figure 2.

Fig. 2 . The four-module ITS architecture

This nifty architecture was commonly adopted in the
last two decades [9], [10], [11], [12], [13]. My only concern
with this architecture is that the workload among these four
modules is not well balanced and against some software engi-
neering practice. In this architecture, the workload of the expert
module seems much heavier than other modules, because of its
rigid encapsulation of knowledge representation, knowledge
inference and problem solving. As a result, adding new tutoring
sessions to the domain may also involve modifications on the
lesson planning process. By taking the future expansion and
enhancement into consideration, I decided to decompose it
into a dynamic lesson planning module and a session inventory

module and suggested a five-module architecture as illustrated
in Figure 1.

METHOD AND MATERIALS
The intended users of an intelligent tutoring system are

students who devote their efforts to the acquisition of knowl-
edge in the tutoring domain. Unlike business or management
information systems for which their user interfaces are usually
more performance-centered, intelligent tutoring systems usually
have their user interfaces more user-centered. A coherent and
friendly user interface can comfort a user’s depression as well
as bring down the intimidation level while working with the
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tutoring system [6].
While learning from ANT, a student is guided by the

virtual tutor to answer tutorial questions by clicking on items.
Accordingly, the virtual tutor responses in natural language to
either acknowledge the student’s correct answer or correct the
student’s misconception. To help the student tell if an item
is clickable or not, when the mouse pointer is hovering on a
clickable item, its color will be changed from black to red.
When the mouse pointer is leaving a clickable item, its color
will be resumed to black.

To prevent students from falling into a trap of making
same mistakes, if a wrong item is clicked, the system will
explain why it is wrong and then disable this items on-click
event handler to make it no longer clickable. On the other hand
if a correct item is clicked the system will acknowledge the
click and encourage the student to continue. For the purpose of
keep making progress, a correct click will remain highlighted in
red with its on-click event handler disabled so that the student
will not go back to any prior step but be able to review the entire
normalization steps at the end of a tutoring session.

The User Interface Design
In the tutoring domain of ANT, the Socratic style of

tutoring is implemented as a dynamic tutoring protocol between
a real-life student and the virtual tutor. A sample tutoring
session taken from the current system is illustrated as follows
[14]:

• Presenting a 1NF schema to the student in which the
Primary Key (PK) is underlined and the Functional De-

pendencies (FDs) are visualized by arrows going from the
determinant attributes to dependent attributes as shown in
Figure 3. This schema reads as A and B together are the
compound PK, A and B functionally determines C, and
C functionally determines D. The student is then asked to
click on the problematic FD that prevents R1 from being
in 2NF or click on the ↓ if R1 is in 2NF inherently.

• Diagnosing the student’s misconception based on what
is being clicked. The user interface is designed to allow
clicks on the given FDs and the ↓ only. Since R1 is al-
ready in 2NF, the student should click on the ↓. All other
clicks are diagnosed as the student’s misconceptions and
the virtual tutor will take remediate actions accordingly to
further guide the student as shown in Figure 4 and Figure
5.

• After the ↓ is clicked, the system will bring R1 down to
the level of 2NF. The student is then asked to click on
the problematic FD that prevents R1 from being in 3NF
or click on the ↓ if R1 is in 3NF inherently as shown in
Figure 6 and Figure 7.

• Diagnosing the student’s misconception based on what
is being clicked. In R1, since the C → D is the only
problematic FD that prevents R1 to be in 3NF, the student
should click on the C → D. All other clicks are diagnosed
as the student’s misconceptions and the virtual tutor will
take remediate actions accordingly.

• After the C → D is clicked, the system will decompose
R1 into R2 and R3. Both R2 and R3 are now in 3NF as
shown in Figure 8 and Figure 9.

Fig. 3 . Presenting a 1NF schema to the student
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Fig. 4 . The student is about to click on A, B → C

Fig. 5 . After A, B → C is clicked

Fig. 6 . The student is about to click on ↓

Fig. 7 . After ↓ is clicked
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Fig. 8 . The student is about to click on C → D

Fig. 9 . After C → D Is clicked

RESULTS
The synergistic effect between a real-life student and

an intelligent tutoring system has been an attractive subject of
study that many researches are trying to discover the driving
values and justifications of its nonlinear effects. Literally, a
synergy can be understood as a very good collaboration of inter-
related resources that can produce an overall effect exceeding
the sum of every individual resource’s effect. In the literature
of human-computer synergy, this nonlinear effect is commonly
illustrated as (1+1) >2. A similar synergistic effect between
a real-life student and the ANT system can be justified by the
following driving values [14-16]:

• The maximal availability and accessibility: Once imple-
mented and distributed to student, the availability and
accessibility of this tutoring system can be maximized
to 7 days a week and 24 hours a day. There is no need
to make appointment in advance. Whenever a student is
available the virtual tutor is available.

• The release of psychological burden: In real life students
may be too bashful to ask questions in class or seeing an

instructor after class. Some students may even hesitate to
ask questions just because they don’t want other students
to know they are behind the progress. Once the learning
settings are transformed from a real life environment into
a virtual environment, these psychological burdens are
completely released. A student can feel free to ask same
questions, repeat same lessons, or pause for a break. Ev-
ery interaction with the virtual tutor is private and penalty
free.

• The genuine learning experience: Although the tutoring
behavior is performed in a virtual environment, the learn-
ing experience being created is genuine and meaningful.
With a friendly user-centered interface, the system can
easily push through learn-by-doing in a one-on-one tutor-
ing manner.

CONCLUSION AND RECOMMENDATIONS
Intelligent tutoring systems are now practiced in quite a

variety of domain knowledge. As an intelligent and goal-based
agent, an intelligent tutoring system is capable of conveying
knowledge in a two-way and adaptive manner. Once a student
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is properly retained to keep making progress during a tutoring
session, the learning experience from a tutoring system is gen-
uine and meaningful. The successful experience in the past
few decades has approved that an intelligent software agent
can provide excellent instruction to benefit a large number
of students within a confined domain of knowledge [15,17].
The ANT system has been tested in several database classes.
The feedbacks from students are very positive. Although the
current version is deployed as a standalone system, a mo-
bile app version of ANT temporarily named as Mobile-ANT

is being planned to achieve a better availability and accessibility.
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