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With regards for learner* slearning behaviors, traditional adaptive
testing research do not focus on learning curve analysis and
personality. For the learning potential and learning effectiveness of
learners, the items difficulty, knowledge dimension level and
cognitive process level of item that can cause learners who has
different personality and learning performance to generates personal
learning response. An extremely simple examination paper might
generates learner who is high achievement of testing falls out of
learning interest, and an extremely difficult examination paper
might generates learner who islow achievement of testing feels
depressed and even give up. This study attempts to affect
psychology and behavior of learner by testing, and promote motive
of learning and performance.

This study integrates personality with positive psychology and
Bloom' s taxonomy for educational objectives, developing an
adaptive testing system (PPATS) for accomplishing the objective.
PPATS selects adaptive examination paper for each learner. And
PPATS also provides learning diagnosis and suggestion, to generate
the learner proceeds self-regulated learning after testing, and to
promote learning performance and guide learning by way of testing.
Many online test systems randomly generate test papers from an
item bank. A high-quality test paper must to consider the following
questions. Is the depth and breadth of test items appropriate? Can
test items examine student ability at different cogitative levels? Can
test items avoid relationships among test items? Can atest identify



student ability and provide learning suggestions appropriate?
Therefore, it isthe important issue to solve above problems by using
information technology. This study also applies anovel item
selection strategy implemented by computer and is based on
assessment theory, association rule, genetic algorithms and a revised
Bloom taxonomy. The proposed strategy ensures that test is high
quality.
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Abstract

With regards for learner's learning behaviors, traditional adaptive testing research do not
focus on learning curve analysis and personality. For the learning potential and learning
effectiveness of learners, the items difficulty, knowledge dimension level and cognitive process
level of item that can cause learners who has different personality and learning performance to
generates personal learning response. An extremely simple examination paper might generates
learner who is high achievement of testing falls out of learning interest, and an extremely difficult
examination paper might generates learner who is low achievement of testing feels depressed and
even give up. This study attempts to affect psychology and behavior of learner by testing, and
promote motive of learning and performance.

This study integrates personality with positive psychology and Bloom's taxonomy for
educational objectives, developing an adaptive testing system (PPATS) for accomplishing the
objective. PPATS selects adaptive examination paper for each learner. And PPATS also provides
learning diagnosis and suggestion, to generate the learner proceeds self-regulated learning after
testing, and to promote learning performance and guide learning by way of testing. Many online
test systems randomly generate test papers from an item bank. A high-quality test paper must to
consider the following questions. Is the depth and breadth of test items appropriate? Can test
items examine student ability at different cogitative levels? Can test items avoid relationships
among test items? Can a test identify student ability and provide learning suggestions appropriate?
Therefore, it is the important issue to solve above problems by using information technology.
This study also applies a novel item selection strategy implemented by computer and is based on
assessment theory, association rule, genetic algorithms and a revised Bloom taxonomy. The
proposed strategy ensures that test is high quality.

Keywords: Adaptive testing; Positive psychology; Bloom’s taxonomy for educational objectives,
Association Rule, Genetic Algorithms
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The Development of an Online SQL Learning
System with Automatic Checking Mechanism

Ming-Hsiung Ying
Chung Hua University
Department of Information Management
Hsinchu, Taiwan
mhying@chu.edu.tw

Abstract- E-Learning has become an important topic in the
field of information Technology. At present the online
programming learning system can only provide feedback
information about the answers is correct or wrong. When
learner input a worng answer, those platform systems can
not provide learning suggestion for learner, learner can
only through trial and erroe approach to find the correct
answer by oneself, and reducing the learning effectiveness.
In this research, we developed the e-learning system that
has detailed feedback whether the program of practice
were correct or wrong. It developed a structured query
language (SQL) e-learning system by intelligent agents and
question answering, moreover, this system will take down
the learning log for find out learners’ probilem to teachers.

Keywords- e-Learning; SQL; Intelligent Agent; Question
Answering; Feedback.

L INTRODUCTION

At present, people acquire knowledge mainly through
reading textbooks and teachers instruction. However, learners
could not learned some technical knowledge effectiveness by
reciting, learners need to gain experience and proficiency by
practice, and effectively enhance the learning outcomes.
Therefore, in order for learners to have a good learning
outcomes. the practice is an important stage in the teaching
process.

At this stage of education reform, the impact of information
technology is the greatest tool for leamning and changes in
learning [1]. With advances in technology, teaching and
learning has gradually synchronized with the information
technology. The online electronic teaching education is the
educators think that the most cost-effective and future
development of teaching aids media. Particularly, the need for
the teaching of practical exercise subjects, the subject is to
highlight important, therefore, e-leamming has become an
important trend in modern learning knowledge.

The process of teaching included four stages, information
presented, guidance, practice and assessment. In addition to
the knowledge of teaching, teachers often need to design a
variety of practice activities for students to practice in the
actual teaching situation [2]. But now the e-learning platform
does not provide a complete learning content and the
environment to learners in some need to exercises courses,
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Effective learning, materials not only need to go through good
design, but also need to implement exercises to achieve
proficiency on the course. Therefore, the teaching must be in g
the processes of leamers practice that giving the immediate
feedback and help. ‘
This study is SQL as an interactive e-learning system of -
knowledge content. Demand in the data query, the operationin ' %
the SQL command may be more than one. Therefore, this
study system, not only to help students write the correct SQL
to answer, but hope to provide the best SQL commands
answers to students. Moreover, the current SQL practice, most .
only by system determine the executive results whether
conform the topic’s required after leamers input. In other
words, if the learners enter the SQL command is correct, the
system will respond to the correct result, but the commands if
it is not correct, the resulting may only get a bunch of eror
messages or code. Some good SQL sites to teach learners will
be given a number of feedback information, but the feedback
information is too complex. Sometimes, leamers are not want
that the directly feedback information. At this time, leamers
will be prone emergence with leamning disabilities and
problems. According to this, in this study, formed an
interactive e-learning system to solve the problems above, The '
purposes of this study were concluded as following.
1) Application of question answering, intelligent agent
technology the formed an interactive online leaming system. . .
2) Discussion SQL syntax of the automatic diagnosis
mechanisms, and develop SQL syntax transformation rule
For the learners to the concept of error-prone and confused on
the part of the system can immediately provide the correct
feedback.
3) Provide efficient feedback information. Not only to
provide learners with a single right or wrong, but to provide

correct concept to guide learners to get the final answer. :
II.  RELATED WORKS k
h
A E-Learning B
Broadly speaking, e-learning is leamners acquire knowled ir
through the electronic media approach to learning (3] In ir
narrower sense, e-learning is through the Internet for lea i . al
activities [4]. In this study, e-learning is defined as. -
combination of IT techrology and materials, and efficient wa ca
of leamning, the learner through the intemnet to self-learning’ :
methods to enhance learning outcomes. And can use facilities’ ¢ pl



of computers and network, automatically record the learning
situation, providing the learner self-assessment and teaching
reference,

E-learning has many advantages, include [5] (a) time and
place are flexible in learning, (b) there is potential for
development in the global village and world view, {c) can use
different equipment and resources to do adaptation and
application, (d) can quickly provide new materials, (e)
textbook is easy to update and increase, (f) develops low-cost
and without space constraints in the effective way of leamning,
(g) providing learners the opportunity to express their views
on the network, and (h) to provide self-directed learning
environment to stimulate learning motivation, learning
independence and leaming responsibility.

B. Question Answering

Question answering is the task of automatically answering a
question posed in natural language, and find the answer to a
question. It has the explanations contained sufficient to
confirm the correctness [6].

Among the specific domains to build automatic question
answering system, because users in this domain may ask
questions of the method may be known in advance, so during
the question answering system for when the content in
question may be collect in the domain, Building in specific
domains of question answering system should have three
conditions are described as follows {7].

1) Range limit: In specific domains, the user can know which
questions can be asked. If not the limit, users can not know if
can get the desired answer. And the user has a purpose of
asking question, so the source of knowledge must be clearly
defined, rather than a unclearly reply to the answer to the user.
2) Complexity: If a simple Q&A list of user needs can be met,
that does not require time-consuming to build the question
answering system. However, conflict between the two
conditions, complexity and range limit. So between the two
need to get some balance.

3) Practicality: When building answering system is an
important usefulness consideration. If the question answering
system spend a lot of time to building, but no one used, that
the question answering system is no meaning.

C. Intelligent Agents

Intelligent agent is an autonomous entity which observes
and acts upon an environment and directs its activity towards
achieving goals [8], it can also be the user's personal digital

assistants, to provide personal for a particular assistance: oif’ )

work [9]. According to software designers design function to

help users achieve various tasks. Intelligent agents should

have reactivity, proactiveness and social ability [10].
Reactivity refers to the intelligent agent can perceive changes
in the environment and act appropriately to respond to changes
in the environment [11]. Proactiveness is intelligent agent be
able 10 meet their design objectives to activities, to show it is
goal-directed behavior. Social Ability is that intelligent agents
can communicate with other agents to achieve its objectives.
There are many intelligent agents in the network teaching
platform applications. Learning agents is one, and such agents
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stressed that “automatic” in the spirit.

Learning agents can be classified into the following several
basic types [12].
1) Personal Agent: According to the needs of each learner
retrieve different information.
2) Tutor Agent: When the user requests help; the agent can
give appropriate and timely assistance.
3) Information Agent: Provide users with capture more of the
network information.

D, Other Related Works

Andrew Cumming has built a SQLzoo system for SQL
learning [13]. This system provides the basic SQL syntax
teaching, and support for multiple brands to syntax practice,
such as SQL Server, Oracle, MySQL, DB2, PostgreSQL and
so on. However, when syntax errors, the feedback due to a
different brands of database and provides simple suggestion or
complicated er4ror messages that user cannot easily
understand the feedback information to the communicated
meaning.

Gordon Russell also has built a Database elLeaming system
for SQL, learning [14). This system provides a database of
learning materials and evolutionary learning functions, but the
content of feedback only has the syntax of the implementation
of the accuracy and other relevant data used in the syntax.
Therefore, users can only get through the feedback
information from the system to guess where the wrong syntax,
syntax cannot effectively be recommended.

II. RESEARCH FRAMEWORK

A. Research Methods

The main purpose of this study is to build a diagnosis of the
problem with an interactive learning system. This system can
improve the old mode of SQL learning so that learner achieves
better learning outcomes. For this purpose, this study
integrates with e-learning, question answering, and intelligent
agents applications, moreover to study the underlying SQL
query language, implement an interactive SQL leaming
system.

The system design is to adopt three-tier architecture in this
study. Database services tier: the database server is the use of
Microsoft Company SQL. Server 2005, teaching system to
store course ‘materials, grammar information, test item bank,
the leaming process sich information. Business logic tier:

" 0 system in the TIS
SPNET g5 o

combinations.
3) Create transformation rules:




query command into another result in exactly the same queries.
4) Create the different to brand of database: Because many
brands database, and each brand offers the SQL syntax
command is different. Therefore, in addition to the study
design used by the syntax of the database brand, the other
brands are also differences and the commeon syntax creates to
the database.

5) Pilot test: In order to confirm the "system" required for
parsing rules and functions. This study at a university in
northern Taiwan, Department of Information Management, 70
students is attending database courses to the SQL website
practice. Each student to practice in the syniax of the platform
will be recorded in the two months, and finally collected a
total of more than nineteen thousand data. After finishing
these data found that there are two categories of students most
easy to meet problems in practice.

a. Semantic error: Most of this error will cause the input typo
or syntax structure is not complete.

b. Logical error; The Student entered the command is
executed and the results can also correct, but when the practice
was to look at subject, found that students enter the syntax
command does not meet the subject of meaning.

6) System module design: This system the relationship
between the various modules and the relationship between the
modules and database, as shown in Fig. 1, the following
description each of these modules.

a. Materials Module: SQL of course contents. The content will
follow the SQL syntax categories, and the learner to select the
required courses of unit and syntax, the system will provide
the material to the learners. Make learners to have a clear
concept of the syntax.

b. Materials Management Module: This module includes
materials of query, add, delete and update functions.

c. Syntaxes Exercise Module: Provide learners with free
practice syntax command, and the exercises, results and
feedback information will be stored in the leamning logs
database.

d. Syntaxes Management Module: This module includes

syntaxes of query, add, delete and update functions.

€. Exams Test Module: Learers can test in this module after
studying Materials Module. This module includes the test
information and exams test functions.

f. Exams Management Module: This module includes
examinations of query, add, delete and update functions.

¢. Learning Logs Module: Provide leamners can check their
own behavior in the system, which includes the login
information, materials used records, exams tested records,
syntaxes exercises records and more.

h. Learning Logs Analysis Module: The data of leaming logs
in the database through the statistics and anmalysis of
information, given managers and Analysis Subsystem of
Assisted Learning Module, as learning references to learners.

i. Knowledge Additional Modules: The purpose of this
module is to support the analysis subsystem, when the
syntaxes command cannot analysis from the leamer, it will 8
automatically return the information to this module, then
managers will be make up the part of less to the semantic. ‘

j. Analysis Subsystem: The purpose of this subsystem is to §
analyze the learner's syntax command in the syntaxes exercise . §
module and exams test module. Intention of syntaxes be:
analyzed and give learner appropriate feedback messages. Fig. . §
2 shows the architecture of this subsystem.

i. Syntaxes Analysis Module: This module contains f

Analysis Structural Mechanism and SQL Authentication
Engine, is used to analyze if the learners have input command
syntax errors in command rules or not.

a) Analysis Structural Mechanism: The syntax of learner
input through a preliminary analysis of the module to confirm
whether the rules conform for the syntax structure. If the
structure is wrong that will return a set error messages to the
Code Conversion module; if not will be sent to the SQL
Authentication Engine.

b) SQL Authentication Engine: This function is to perform

a syntax error to find out the case according to syntax rules §

error. The program will be executed in accordance with the
user in different modules have the following two conditions:

Fig. 1. System Architecture
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1. In Syntaxes Exercise Module, the syntax been
execution, if an error happened, then refwrn an error messages
to the Code Conversion Module. If not, syntax will be
transmitted to Semantic Analysis Module of Intent Analysis,
after subsequent analysis then give the user feedback
information.

2. In Exams Test Module, SQL Authentication Engine
will be executed and compared the result with the default
exam result, if the match will be transmitted the syntax to
Semantic Analysis Medule of Intention Matching Mechanism.
If not match, then retum an error messages to the Code
Conversion Module.

ii. Semantic Analysis Module: This module contains the
Intention Matching Mechanism and Intent Analysis. Provide
the handling according to different conditions, coming from
the SQL Authentication Engine of the syntax.

a) Intention Matching Mechanism: In Exams Test
Module, this function will compared the syntax of the learner
and the default syntax of system to confirm whether it has
used the key syntax to avoid with leamers used the way of
brute force caused by the learner cannot determine the actual
correct syntax of learner, if the syntax of learners have
contained the key syntax, it will be transmitted to Assisted
Learning Module. If not has, then return an error messages 10
the Code Conversion Module.

b) Intent Analysis: Analysis the syntax of learner input,
and find out the syntax of the key commands to determine the
learner's intentions. This function is to determine what the
learmer wants to practice, and transmitted messages and
syntax Assisted Leaming Module.

iil. Assisted Learning Module: Semantic Analysis Module
compared to whether there is a better written for syntax, and
provides assisted learning suggestions to learners. This
module contains the Inference Mechanism and Assisted
| Learning Proposed.

a) Inference Mechanism: Syntax inference is through the
relationship between SQL and relational algebra, and
| relational algebra of associative law, commutative law,
distributive law and other characteristics of the way that

generated transform rules.

b) Assisted Learning Proposed: Whenever Syntax error
occurs will take the initiative to provide proposed to guide
learning. According to the type of Syntax to provide learners
of the class the materials link, also in accordance with
Learning Logs Analysis Module for the learners to the current
leamning situation, providing analysis of information which
proposed the concept of the learner should be reviewed.

iv. Code Conversion Module: According Syntaxes Analysis
Module and Semantic Analysis Module to send to the type of
error message into the feedback information code, and then
take the feedback information code into the Feedback
Information Module.

v. Feedback Information Module: Receiving feedback
information code from Code Conversion Module, and then
find out the code to feedback to the learmer's message
meaningful from the feedback information code database,
then the feedback information sent to the Message Archive
Module.

vi, Message Archive Module: This module in addition to
receiving the feedback information from Feedback
Information Module needs to receive the learning suggestion
of the leamner from Assisted Learning Module, and integration
of these two messages to feedback to the learner and saved to
the learning logs database.

C. Inference Mechanism Rules

The construction of the interactive system contains the
inference mechanism can provide learmers with the better
suggestions. When the syntax through Syntaxes Analysis
Module and Semantic Analysis Module confirmation, and
then through the inference mechanism analysis of the need to
provide better answers to the leammer. The following are the
rules of the inference mechanism.

In order to analyze the rules of grammar inference
mechanism, this study used the database to relational algebra
as an analytical tool. The way of analysis as follows.

1) The syntax of the learners entered into relational algebra.
2) Syntax has been converted into a relational algebra and
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compares to the rules of inference mechanism.
3) If compliance with the rules, put into the better SQL
syntax of relational algebra, and then sent to the Message
Archive Module.
Relational algebra has the following characteristics.
1) Associative Law
a (AUBYUC=AUBUO)
b. (ANB)NC=AN(BNC)
c. (AxB)xC=Ax(BxC)
d.(AD<,B) I><]qC= A DQP(B L><1qC)
2) Commutative Law
a. ANB=BNA
b.AUB=BUA
¢c. AxB=BxA
dAD<B=B D<A
3) Distributive Law

a. Ocranpc{Ri)= Oci(Rs) NGe2(R1)
b. Ociorc2(Ri)= Gei(Ri) U OczRi)

¢. Groucn(Ri)=(R1)-Gei(R1)
Symbol Definition

a. Attribute name: ai, az, as.

b. Attribute list: list.

¢. Table name: Ri, Rz

d. Conditional: Ci, Ca.

e. Condition value: yx .

f. ORDER BY and ORDER BY ASC: 1.

g. ORDER BY DESC: | .

h. TOP #. [T #].

According to the pilot test has sorted the information, and
combination of associative law, commutative law and
distributive law, the inference mechanism provided by the
transformation rules has the following five categories.

1) Transform to OR and Union.
For example:
SELECT list FROM R; WHERE C) OR Cz;
=SELECT list FROM Ri: WHERE C) UNION
SELECT list FROM Ri1 WHERE Cz;
Transform into relational algebra:

M is (GC1 OR Cz (R1));

=T (OC) (Ri)U Hiiw (GC2 (R1));
2) Transform to AND and Interaction.
For example:
SELECT list FROM Rt WHERE Ci AND C;
=SELECT list FROM R| WHERE C: INTERSECT
SELECT list FROM R: WHERE Cs;
=SELECT list FROM R; WHERE C) EXCEPT
(SELECT list FROM R WHERE C: EXCEPT
(SELECT list FROM R WHERE C»));
=SELECT list FROM Ri WHERE C: EXCEPT
(SELECT list FROM R| WHERE C: EXCEPT
{SELECT list FROM R) WHERE C1));
Transform into relational algebra:

Tlist (OC: AND C: (R1));
=[1list (GCi (R1)) M IIlist (GCz (R1));
=[Ilist (GC1 (R)-( [Tlist (GC1 (Ry))
- ITlist (GCz (Ri)));
=THist (OC2 (R1)~( [T list (OC2 (R1));

-I11ist (GCi (R1)));
3) Transform to ORDER BY and Aggregate Function.
For example:
SELECT a1 ,a2 ,a:s FROM R.
WHERE ai = (SELECT MAX (a1) FROM Ri);
=SELECT TOP 1 ai ,a: ,as FROM R
ORDER BY a: DESC,;
Transform into relatioridl algebra:
Mar ,az a5 (Cai =( MAX a) (R))R1));
=Tl ai ,az,a: ([T 1] t a1 (R));
For example:
SELECT ai ,a2 ,a3 FROM Ri
WHERE a: = (SELECT MIN (a:1) FROM R1);
=SELECT TOP 1 a: ,a: ,as FROM R:
ORDER BY ai;
Transform into relational algebra:
Ma 22,2 (Car =( MIN a: (R)XR));
=Ilai ,az,2 ([T 1] | a1 (R)));
4) Transform to IN and =,
For example:
SELECT a) ,a2 ,a3s FROM Ri WHERE ai= y ;
=SELECT ai ,az ,a3 FROM R: WHERE a; IN
SELECT ai FROM R: WHERE ai=y ;
Transform into relational algebra:
M ai ,a2 ,a3 (Ca = y (R));
= Jlai ,az ,a (Cai =([Ta (Ga: = ¥ (R R,
5) Transform to NOT IN and <>.
For example:
SELECT a1 ,a2 ,a3 FROM Rt WHERE ai1<> y ;
=SELECT ai ,az ,a31 FROM Ri1 WHERE a1 NOT IN
(SELECT a. FROM R) WHERE ai=y );
Transform into relational algebra:
Ilai ,a2 a3 (Cas <> ¥ (R1));

=[la a2 ,a3 (Ga =) (Ri))-[Ta (Cai = x (Ri));

1V. FUNCTIONAL ANALYSIS AND COMPARISON

The interactive system can instantly diagnose the learning

barriers and give the appropriate feedback messages. Using

guide the way that learner can solves the learning disability, -

will cause not answer the process does not smooth and
produce frustration, , loss of interest in leamning. The system
for learners in the learning process of SQL can be an effective .
solution to learning problems. This system has the following
three categories different in SQL online teaching system. A
1) Syntax rules: By Analysis Structural Mechanism and SQL - §
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Aauthentication Engine, in addition to the leamner entered
syntaxes that are executed the debugging of basic syntax
structure; it also provides what is causing the error in the
syntax, more accurate inform learrers of the problem.

2) Syntaxes Analysis; Becanse the system includes a
Semantic Analysis Module, so learners can effectively
analyze the effectively analyze the intent of the command
entered. The system not only gives learners specific learning
suggestion, but also effectively avoids the syntax of the
implementation of the learncr executed the same result but in
fact the problems are different meaning.

3) Feedback Information: This system gives the leamner
feedback information is through Syntaxes Analysis Module,
Semantic Analysis Module and Learning Logs Analysis
Module compiled to give the user error messages and learning
suggestions. When the Syntax error, can have received syntax
belongs materials link or the prompts of the answer of exams,
This kind of guide-leaming feedback can let learner not easy
to produce frustration during their learning process, through
the learning suggestion of that after leamning process of
analysis, but also to help learner knows where he is often
make syntax error, and tell learners to review the aspects of
the materials.

V. CONCLUSION

This research hopes that through technique of question
answering and intelligent agents, and using the SQL, to
construct an interactively learning system but also that can
provides effective learning. With this system, learners can
more easily understand the correct concept of SQL, and then
verify the effectiveness of the system, teacher can find the
leamer learning problems and obstacles from learning process,
how to strengthen or changes the way of teaching, let learners
to obtain better leamning outcomes.

Inference mechanism of this study, it includes
transformation rules may not to cover all issues and situations,
therefore this study will verifies the system performance on a
large sample, and to expand the inference rules from the data
of verified, to make the inference mechanism can be better.
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