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Abstract: - Students in the web-based e-learning environment might have their own learning paths due to the
structure of the world-wide web. Students can choose suitable learning materials according to their different
learning style. There are many researches about learning diagnosis in distance education and the main objective
of these researches is to improve the learning effects of students. This research proposes a diagnosis mechanism
based on the Knowledge Map and implements a feedback system in order to provide the remedy teaching

materials in sequence.
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1 Introduction

With the growth and development of the computer
and Internet, the teaching activities in the Internet are
more convenient and popular and called distance
learning. In recent years, many researchers
mentioned the Computer-Assisted Instruction (CAI)
[2] [17] [22]. The purpose of CAI is to assist the
teacher to improve the instructions of course,
however, it still has a lot of issues which are faced by
teachers when they are applying technologies into
their courses and classes. Additionaily, lots of
scholars are devoted to the development of on-line
instant feedback test to replace the traditional paper
pen test.

Learning process has their gradations, for example
step by step or from easy to difficult, every gradation
of learning is to prepare for the next gradation and the
qualitative changes during the learning process will
also happen [18]. In order to facilitate learning
effectively, the main principle of adaptive learning is
to diagnose students by their answers of the test and
arrange the follow-up teaching materials in
accordance with the learning achievement of
students.

With the purpose of improve the learning effects of
students on Internet, the methods of measurement,
tracking, and evaluation are used to discover the
learning states of students and decide the suitable
teaching materials, it is so-called the performance
technology of learning [6] [16]. According to Clark
and Langdon’s opinions, the suitable and effective

teaching materials can facilitate learning more
effiency. Moreover, interaction is also one of the
indispensable characteristics in teaching and the
main shaft designed of interaction system on Internet
is the test and commenting of achievement [21].
There are two kinds of applications which apply the
computer technology to the test [1]: (1) Build and
construct a test (2) Use the computer as the media of
the examination. The two kinds of applications can
be seen as active and passive applications simply.
The passive application is always recording the
processes, preserving and reporting the statistics and
learning results of students [5]. The active
application will guide students learning, diagnose the
misconceptions, and prevent students from making a
mistake.

A good test system not only can assess learning
effects of students, but also can diagnose the learning
barrier of students and help students to overcome
those obstacles. Therefore, a good test system must
reach two major objectives: (1) analyzes the basic
obstacles of students while they are learning, (2)
settles a learning sequence to improve the academic
achievement of students. In order to reach these two
objectives, this paper applies the knowledge map to
the distance learning environment in order to
diagnose students' misconceptions and generate the
learning sequence of supplemental teaching materials
after test. Beside that, the diagnosis mechanism and
the feedback system will also make the full-loop
learning completely.
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The knowledge map incorporates the concept map
with concept schema and use for knowledge
representation is proposed by Kuo et al. in 2002. In
education, the concept map often used to diagnose
the learning achievement and the students' mental
model [19].  The knowledge map has two
advantages: (1) represent the relations between
concepts clearly just like the concept map; and, (2)
represent the related attributes of concept which are
kept in the concept schema.

The problem proposed by this paper is formulated in
Section 2, and Section 2 will also describe some
research backgrounds such like Concept Map and
Knowledge Map on WWW. Section 3 will analyze
the diagnosis mechanism and give a complete
example. Algorithms of the three-step diagnosis
mechanism are designed and the feedback system is
also developed in Section 4. In Section 5, the
experiment and the evaluation results are discussed.
Section 6 makes a simple summary and describes the
possible future researches.

2 Concept Map and Knowledge Map

2.1 Definitions of Concept Map
Concept maps are logic-based knowledge
representation formalism, whose elements belong
either to concepts or relations. The technique was
developed by Professor Joseph Novak at the Cornell
University in 1960s. Concepts within a designated
domain are given as a concept set C ={c; }.
example in Chemistry the concept set of elements,
Cetemenss might be Cojemens = {SUBSTANCE, METAL,
NONMETAL, IRON, MERCURY, OXYGEN,
SULFUR, ;-}.

The relation between two concepts, ¢; and ¢;, can

For

denote as P+ = 16-¢)} , where k indicates the specific

category in the relation category set and the relation

set is # =12} The relation category is also a set,
that is, £ = {part of, type of, leads to, analogy,
characteristic, evidence} according to previous
researches [8] [9] [12] or £ = {clustering,
aggregation, linkage} proposed by Meyer in 1985
and so on. Proposition is usually used to represent the
meaning of a sentence, it can correspond to a Boolean
value, that is true or false.

A proposition describes the relation between
concept could be written as
0.(pi(c;c;p5n)) >V = {true, false} . For example, "the

ACCELERATION of GRAVITY is 9.8" could be
written as

¢,(p;,(ACCELERATI ON OF GRAVITY ,9.8)) — frue

The knowledge not only can help students to
understand the concepts in the specific domain, but
also can guide students during the learning process.
We can find the misconceptions of the student by
diagnosing the change of the concept map which is
stored inside the student's mind [10] [13] [15].

2.2 Definitions of Knowledge Map

Knowledge map is a knowledge representation
formalism comprising with concept hierarchy and
concept schema [14]. Concept hierarchy represents
knowledge in a hierarchical way. Collin and Quillian
indicated that human organize knowledge in a
structure way and store characteristics of the concept
in different level of the structure [7]. The concept

- hierarchy is defined as C7(C.P) | where C is the

concept set and P is the relation set. Fig. 1 is a
example of concept hierarchy.

[ . ;
SUBSTANCE |

‘—‘L MERCURY |
; |

|
-~  NONMETAL
I

OXYGEN

o |

1. Concept Hierarchy

'

Fig.

In cognitive psychology, schema is used to
identify messages from the real world and store the
attributes of the message. Schema is a high level
knowledge representation formalism integrate with
nature, events and text [11]. Concept schema is used
to describe the attributes of a concept. The concept
schema of a concept set C is defined as:

CS(Cy={ P () 7. The following Table 1 is the

concept schema of elements in the Chemistry
domain.

Table 1. Concept Schema
Element Concept Set Status Concept Set

SUBSTANCE SOLID
SUBSTANCE LIQUID
SUBSTANCE GASSEOUS
METAL SOLID
METAL LIQUID
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METAL GASEOUS
OXYGEN GASEOUS
MERCURY LIQUID

Once we have the concept hierarchy and the
concept schema, a knowledge map for the specific
domain (or a concept set) can be integrated as Fig. 2
shown below.

i

1 e |
SUBSTANCE LIQUID

| GASEOUS

3 Learning Diagnosis and Feedback
The purpose of this research is to diagnose the
learning achievement of students on the
Internet-based learning environment and to offer the
suitable learning feedbacks in sequence according
the learning achievement. Before the analysis is
made, there are three assumptions needed to list for
this research.

°  ASSUMPTION 1: In the test, student gets

the wrong answer of an item means student
has missing some relevant concepts in the
item. '

+  ASSUMPTION 2: In the concept hierarchy

of knowledge map, the concept in the upper
(more abstract) level will involve those
concepts in the lower (more specific) level.

+  ASSUMPTION 3: When a concept becomes

a barrier to the student, the relevant concepts
will also become barrier to the student.

In order to find the student’s misconception, the
teaching materials and test iterns must be analyzed
first. Then student can make test on Internet and the
system collect the test result.  Finally, system
according to the test result and teaching materials
selected suitable teaching material for remedy
learning and represent as a learning path. The

learning diagnosis and feedback step is described
below.

3.1 Analysis in teaching materials with
knowledge map

According to the knowledge schema and concept

hierarchy, the teaching materials could be analyzed

and reorganized. After analyzing the teaching

materials (web pages), a matrix is created which is

called the embedded concept matrix (ECM).

Every teaching material, no mater what
representation format, contains concepts that related
to the course, therefore, the embedded concepts (EC)
of teaching material can be obtained via analyzing by
the domain experts. The association between
concept ¢; and teaching material d; is denoted as
EC( ¢, d;)<[0,1], high value means high association.
Embedded concept matrix, ECM=[{EC( ¢, d; )],
represents the concept association between
documents, and the value of EC(c,,d)) is given by

expert or calculated by content analysis method. The
test items also can be analyzed and found the
embedded concept and represent as ECM with the
same way.

EXAMPLE 1: CH and its Matrix (CHM)
Given a teaching material set which contains
1. five teaching materials D = {d), d>,
ds, ds, ds}
2. six related concepts C = {c,, ¢, ¢3,
C4, C5, C6
. six items Q = {qb g2, 93, G4> 455 q6}
4. embedded concept matrix of
teaching materials Ecym(C,D) (the

(WS

relations between teaching materials
and concepts are analyzed by the
expert)

5. embedded concept matrix of’items
ECM(C,Q) (the relations between

item and concepts are analyzed by
the expert)

6. the concept relations are
P(chz>sp(csﬁc4)9,0(63765) and
pley,c)-

(06 0.154 0 0 05]
0  0.385 0 0.18 0.25
. 0.4 0 0.17 045 0.25
ECM(C,D) =
0 0384 083 O 0
0 077 0 036 0
0 0 0 0 09]

(4]
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1 0 0 0 0 0
0001 01
ECM(C,Q):OOEOOO
0006 01 0
01 0 000
1 001 00

After analyzing th_e ECM and CH, th;ﬂ Concept Hierarchy
Matrix (CHM) could be found out as:
0 0 0 0]

0
0
0
0
0

O

OO OO

CHM =

O o = OO O

[ s R e
O D O O O
OO0 O O O

3.2 Misconception diagnosis via online test
Moreover, since there are association among
concepts in both concept map and knowledge map,
the cumulative embedded concept is then constructed
for representing the concept hierarchy. Also the
domain experts (teachers) will take responsibility to
assign the concept thresholds and hidden concepts for
a test. According to the ASSUMPTION 2 and
ASSUMPTION 3, the cumulative embedded concept
matrix (CECM) is used to introduce the relations
between the concepts in the knowledge map by using
the original ECM matrix and the concept hierarchy.
Hence, CECM can come from CHM and ECM, it
define as (1) and (2).

CHM(C,C)=|p(c, ¢;)} Ve, ¢, eC )

CECM(C,Q)=(CHM(C,C)+ I(C)) - ECM(C,0) (2)

According to CECM, the distribution of concepts

in all items can be found by (3).
DCECM (i, j)= CECM (i, j)/ Z;:e CECM (i, j) (3)

EXAMPLE 2: Given a CHM (C,C) in the following,

find the cumulative embedded concept matrix,
CEcM(C,Q), for items and the distribution of

concepts, DCECM (C, Q) , in all items.

000000
100000
. 000000
CHM(C,C) =
001000
001000
0001 0 0

CECM{C,Q)={(CHM(C,C)+I{C)) - ECM{C.Q)
'000000‘} 10000? aooooo“‘
3000001010000 0001011
10000060/ |0010060,/001000
‘001000+|009190>000020
001 0006[{]000010 |01 0000
0001060 (00000 1] L00100J
M oo1 01
0001 01
601 1010
oo oo
010000
160100
[0.3333 0 0 03333 0 0.3333]
0 0 0 0.5000 0 0.5000
0 0.3333 0.3332 0 0.3333 0
DCECM{(C,0) = ,
0.3333 0 0 0.3333 0.3333 0
0 1.0000 0 0 0 0
105000 0 0 05000 0 0|

3.3 Misconception diagnosis via online test
Once the student completes the test, the
misconception diagnosis mechanism can compute
the distribution of misconception for the student and
judge which concept belongs to misconception
according to the threshold. The value of threshold,
which is given by the domain expert, is between 0
and 1. Once the misconception value of a student is
higher than the threshold, which means the student
gets misunderstanding on the correspondent concept.
The first step of the diagnosis process is
comparing the CECM with the student's answer

matrix, A = {a, | a, € 0,1}, in test, that is, the value
of g, is 0 if the student's answer is right and a=1 if the

student's answer is wrong.  After that, the
misconception degree matrix ¢ of students can be

found from the student answer matrix 4 and DCECM
as (4). )
®,=4-DCECM” * 4)

EXMAPLE 3: Misconception degree of students.
Given an answer matrix of five students.

51101 1 1
S,01 11 011
A=S]1 01 1 01
S0 01 1 11
S0 000 1 0]

The misconception degree of each student will be
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@ = A-DCECM’
[1.0000 1.0000 0.6667 1.0000 1.0000 1.0000 ]
0.6667 0.5000 1.0000 0.6667 1.0000 0.50000

=|1.0000 1.0000 0.3333 0.6667 0 1.0000
0.6667 1.0000 0.6667 0.6667 0 0.5000
0 0 0.3333 0.3323 0 0

-

3.4 Learning sequence generation

The objective of this research is to try and create a
learning sequence based on the recommendatory
weights of teaching materials. The feature vector for
each teaching material will be retrieved at first, and
then the similarity between misconception degree of
student and ECM of teaching material is used for
selecting supplemental materials. With the weight

order of supplemental materials, a remedy learning

sequence will be generated automatically.

The concepts are involved in a teaching material
which similar to the students' misconception will be
recommended as the supplemental materials. The
calculation of similarity is defined as (5).

sim(®,, ECM (C,d j)=_Ts *ECM(C.d)) (5)

@yl x|ECM(C.d,)|

According to the threshold of misconception and
the students' misconception, the system can select
teaching materials for each student as supplemental
materials. The learning path in this research is
representation in a catalog way and sorted according
to similarity.  Students can learning sequence
suggested by system or selected by themselves.

EXMAPLE 4: The similarity between the
misconception of the students and the concept
distribution of the teaching materials will be
sim(®;, ECM(C, D)) =
d 4, d, d, d,
5, [0.5151 0.7596 0.4772 0.5963 0.7152]
5,10.6026 0.7514 0.4638 0.8098 0.5780 L
5510.5393 04414 0.3818 0.2899 (.8444
5,10.5752 0.4844 0.4896 0.4947 0.6859
S510.3922 0.2843 0.8346 0.5270 0.1624

EXMAPLE 5: The selected teaching materiais for
each student should be [final step]
Assume the the domain expert designates a threshold,
0.5, for example.

§;= {d], dg, d_;? d5}

s;= {d;,dydy, ds}

s3={d,, ds}

sy={d,, ds}

ss={ds}. 1

4 System Design and Measurement

In this research, the supplemental teaching materials
are selected by similarity and the hierarchical order
of teaching materials. The purpose of this research is
to format the contents in webpages dynamically
according to the different misconceptions of students.

4.1 Algorithms and System Archiecture

Base on the analysis in previous Section, the system
architecture. is shown in Figure 3. As Figure 3
illustrates, before the diagnosis can be done the
materials should be taken into the knowledge
analysis first as the Prev. 1 and Prev. 2 steps in Figure
3. After that, the embedded concept matrix of
materials will be constructed and can be used to
support the similarity calculation (step 4 in Figure 3).
Beside the materials, the items in the test will be also
needed to analyze for figuring out its embedded
concepts. Once the cumulative embedded concepts
in each items of the test are figured out (Test 1 to Test
3 steps), it can be used to diagnose the misconception
of the student who took the test.

(Testl 7 ‘ 5 71 { Prevl )
pig: 5 Student Status < Matstial Status”
——— i
Topic Knowiedge N - Matenal Knowledge |
| Analysie 3 Examination Analysis |
( Test2 ) v V D e Prev 2
Embsdded Contept - Exarnination Result Embadded Cohcapt— -
r ]
‘ ECM of Topic ‘ Answer Data | ECMofMaterial |
] i i
( Test3 T2 = =T TD
T umulslive Embedded | X 4, f
© Concent ‘ I\ HMisconception > [
|
1 \ 1 £
_ | [ Misconception Matrix | |
‘ CECM of Topic | P ‘. T Stadent j : i
4 b i
| iCaloulate Concept Relation \J
Similarity between Student and Material J
| -
=~ (o
Siggesionsnd Daignasis

Missing Concept and Remeady Leaming Path

Fig 3. System Architecture

The system collects and records the learning
process and the result of examination. When the
student logon the system, the system starts to record
the learning process of the student and the
examination results after each test (step land 2 in
Figure 3) for analyzing the learning effect of the
student. After analyzing the collected data (step 3),
the system will recommend suitable teaching
materials by comparing the similarity of the answer
sheet and the concept distribution of teaching
materials (step 4 and step 5). After diagnosing, the
system will suggest suitable teaching materials as
feedback according to the examination results. In
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order to evaluate the feedback is really suitable and
useful for students, the measurement is also designed
as following.

4.2 Measurement Method
This paper uses the terms of statistics includes
the Precision, the Recall, and the F-measure, as the
measurement of evaluating the effects of
recommendatory materials {20]. The Precision (P),
the Recall (R), and the F-measure (F) between
concepts in the misconception t and the teaching
material ¢ are:
_ Nr ﬂ ‘Nc

.= (6)
C.t ]\’,C
PR AL )
, N
2 (8)
Fo=777
PC,! RC.:‘

The evaluation methodology takes the percentage
of recommendation errors, that are, the Type I error
and the Type II error as Table 2 listed below. In
statistics, the Type I error means the retrieved data is
neither expected nor full covered and the Type II
error means the retrieved data is more than needs.
Therefore, in this work the Type I error is happened
when the system provides some concepts that
belongs to the student's misconception but there are
no corresponding teaching materials; and, the Type II
error is occurred when the system provides some
concepts that there are corresponding teaching
materials but do not the student's misconception.

Table 2. Error Type

CONCEPT IN CONCEPT NOT IN
RECOMMENDAT RECOMMENDAT
ORY TEACHING ORY TEACHING
MATERIAL MATERIAL
CONCEPT
BELONGS TG Type [ error
STUDENT’S CORRECT (assume true)
MISCONCEPTION
CONCEPT NOT
BELONGS TO Type 1I error .
STUDENT’S (assume false) CORRECT
MISCONCEPTION

5 Experiment and Results

The experiment was done with the database course in
the Dept. of Information and Computer Engineering,
Chung-Yuan Christian University. There were 42
students participated this experiment, there were 2
graduate students, 15 senior students and 25 junior
students among the participators.

5.1 Experiment Environment

This system is an online test and all topics are in the
multiple choice form. A student can do the test
anytime after he/she logon the system. When the
student finished a test, the system will calculate the
student's score; store the test results into database;
and, discover the student's misconceptions. The
student can find out his/her misconceptions by
checking the test results and reading the exposition of
each topic. Figure 4 is snapshot of the test and Figure
5 is the test result.

L ERTRSRENEER  ALe:
- FRB!

il
00119128

Which of the following is Not true about two-phased locking? (A)can make
3. | transactions serializable (BJuses only shared locks (C)has a shrinking phase
(Dixcannol obtain a new lock once a lock has been released

The sittation that cecurs whien 1wo asers are each waiting for a resoice thal
% e ofhef pareon Has Jocked 15 known 28 afn): (A)icst updaie problem (B)
deadiock (C}mconszsqem read picblem (D)caeckpcml

Requmnz all application programs to lmk 1€80UFCes In Ihe same orde isa

O
@
o)
o
w

.| technique for preventing what problem? (A)oncurrent update (Bideadlock (C)
exclusive locks (D)growing phase locking
£ LA 1 #iock sl all i foh doulyaccessto L
O D B, hclockm;esomce’é AA)exdum\'eiock (B)sb:sred Zock (C}?wa-yhas@dlodf o)
smplicitlock

Locks that are placed assuming that a conflict will occus are called 6]
* dynamic locks (B)explicit locks ( imistic jocks (D, it locks

Which of the fo!kswmg i5ireof foa’waxd only cursors? {A)Current values for

8108, (B)C] de

3 by ﬂ:e uan‘,ac’mn a:t v;sble ouly zf mey oceur en rom ahsadol me cursor
Py e

each when the

Fig 4. The snapshot of th@ test

omEs R
G
B -

e e
P agiw

Fig. 5 The snapshot of the test res{ﬂt

After the diagnosis process of misconception is
completed, the system selects the suitable teaching
materials for remedy learning according to the test
results. The student can do remedy learning to
correct his/her misconceptions by click the link of
remedy teaching materials. Figure 6 shows the
diagnosis results and the learning feedbacks.
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Fig. 6 Diagnosis result and learning feedback

5.2 Experiment Result
The average value of Precision, Recall and

F-measure is 0.8569, 0.9255 and 0.8868. The

evaluation results showed that the recommendatory
teaching materials are suitable for remedying the
misconception of the students. Table 3 is the
evaluation results of all students.

Table 3. Evaluation Results of the Experiment

0.8333§0.8889¢ 0.875§ G.8 30.8571f 0.8 i 1 0.9 §0.8571
1 1 0.875§0.8889F 1 £0.8889§0.6667F 1 1 1
0.9091§0.94128 0.875 §0.8421§0.9231£0.8421F 0.8 1 30.9474§0.9231
0.83338 1 §0.8333§0.857100.8182¢0.83330.8333§ 0.8 [0.8889% 0.9
0.9091§F 1 §0.9091 H 1 §0.9091§0.8333F 1 1 09
0.8696§ 1 [0.869600.9231¢F 0.9 §0.8696§0.8333§0.8889§0.9412§ 0.5

0.8333% 0.75 § 0.87510.8333F 0.75 § 0.8 £0.8889F 0.8 }0.9286{0.8182

1 §0.857140.875 i 0.75 1 §0.8889F 0.2 1 0.9

0.9091§ 0.8 §0.875§0.9091§ 0.75 10.8885£0.8885% 0.8 [ 0.963 §0.8571

0.8571F 1 20.818280.916730.8182§0.7778§0.81825 0.9 0.8 §0.8333

0.8571f 0.8 1 i 09 §0.875 1 i 1 §0.7143

0.8571§0.8889F 0.9 §0.9565§0.857180.8235¢ 0.9 §0.9474§0.8889§0.7692

0.8889§ 0.875 0.8569

1 0.875 0.9255

0.9412} 0.875 0.8868

In this experiment, the Type I error, & | is the
misunderstanding concepts of student but have not
included in suggested materials. When the P-value =
1 and the R-value < 1, the Type I error occurs.

Similarly, the Type II error, p , is there are some
concepts in suggested materials not belongs to the
misconception of students. When the R-value = 1
and the P-value < 1, the Type Il error happens. In the
statistical hypothesis the value of Type I error should
be lower than 0.05 and the value of Type 1l should be
also lower than 0.2.

The Type Ierror, & | in this experiment is 0.0476,
it is quite low and it means the selected teaching
materials can cover all concepts for the teaching
course. Because in the experiment, the teaching
materials can not cover all concepts of the
examination, the & would be reduced if the teaching
materials could cover every concepts of test. The

Type I error, B , in this experiment is 0.4524 which
is greater than 0.2. The reason causes the value is so
high is because the each unit of teaching materials in
this experiment contains too many concepts. If the
teaching materials could be subdivided furthermore,
the Type I error might be reduced.

6 Conclusion

Different student has different knowledge, learning
states and learning achievement in the Internet-based
learning environment. The diagnosis mechanism is
designed in this work and used to provide sequential
remedy materials based on the adaptive learning
according to students' answers of test. After this
experiment, the evaluation of the recommendatory
teaching materials has been made. The evaluation
results are good but also reveal some limits. The
limits are: (1) students do not follow the learning
sequence which generated by the system, although
the system is an adaptive system; (2) students do not
interest in the Internet-based learning. Beside the
limits, there are also some further researches should
be done: (1) the system should also analyze the
learning effect of the student after repeatedly
learning; (2) the system should be able to provide
feedback to the teacher in order to let the teacher
changes his/her teaching strategies; and, (3) the
system should be able to discover a more useful
learning sequence based on the theories of traversal
pattern and learning path.
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