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ABSTRACT

One of the authors had been presented the Strategic Task Sequencing method, shortened to the STS method, by using a
learning structural graph. The STS method presents a few optimum learning sequences according to learner’s learning
strategy. It is important for a navigation system to understand individual learners’ learning characteristics and to coach
their directions. This paper applies the STS method to the navigation method that is developed as a supporting tool for
e-learning. Using the STS method, individual learners are able to decide their learning sequences according to their
learning strategies. Next, this paper proposes a fuzzy estimation method for individual e-learning sequence strategies
based on the STS method in order that the navigation system grasps their strategies. This estimation method applies
Fuzzy decision-making to estimation for strategies based on the STS method, shortened to the FSTS method. This paper,
firstly, shows the STS method and its algorithm. Secondary, this paper presents the FSTS method and its algorithm.

KEYWORDS: E-LEARNING, NAVIGATION, LEARNING STRATEGY, LEARNING SEQUENCING

1. INTRODUCTION

It is very difficult for a learner to set his /her target objective and to decide how to traverse e-learning
objectives. One of the authors presented the Strategic Task Sequencing method, shortened to the STS method,
by using a learning structural graph [1]. The STS method presents a few optimum learning sequences
according to learner’s learning strategy. This paper applies the STS method to a navigation method that is
developed as a supporting tool for e-learning. Using the STS method, individual learners are able to decide
their learning sequences according to their learning strategies. Next, this paper proposes a fuzzy estimation
method for individual e-learning sequence strategies based on the STS method in order that individual
learners grasp their strategies. It is important for the navigation system to understand individual learners’
learning characteristics. This estimation method applies Fuzzy decision-making to estimation for strategies
based on the STS method, shortened to the FSTS method [2]. This paper, firstly, shows a navigation method
using the STS method and its algorithm. Secondary, this paper presents the FSTS method and its algorithm.

(1)

The goal of o o
the learner
s A\
A directed graph
among objectives that
i the learner should
sl A A 1 Jearn to reach the #1

2. E-LEARNING STRUCTUREAL GRAPH

2.1 e-Learning spaces

from complexity of a structural learning network. All of the
learning objectives required toward the target are extracted
according to individual prerequisites as shown in Fig.1. In order
to support the e-learning, the navigation algorithm, called
Strategic Task Sequencing (STS) method was developed, and
the recommended sequence is presented to the individual
learners based on the STS method. The extracted learning

In the e-learning, individual learners are setting target objective ‘
Taas oo 2

Objectives the learner already learned

Fig.1 An extraction process model of learning
structure based on orientation technology
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objectives to learn can be represented as a digraph, where each node and arrow corresponds to each
objective and ordering relation, respectively. Here, the digraph is a contraction of the words ‘directed graph’.
The learner sets node 1 as target of the extracted learning structure graph in Fig.1.

Objective 1 appears to be the terminal objective for the theme, which the learner is facing, and is superior
to all other objectives. All other nodes are either directly or indirectly subordinate objectives of the element.
On the other hand, objectives of 2, 3 and 4 are at the base level with no supporting objectives. One of these
three objectives is the ideal one to start with for the learning sequence. Thus, one of these elements is a
candidate to be the ideal starter for the learning sequence. No reverse ordering against arrows should be taken
on the digraph. For example, the sequence: O, =<4=>2=3=5=8=6=7=1>is legal, but the

sequence: 0, =<4=>2=5=6=>3=>8=7=1> is illegal, because this sequence includes the reverse

order of3 — 6. Objective 3 should be completed before objective 6. Even in the model with only eight
objectives in Fig.5.1, however, there are 52 reasonable sequences to satisfy the criterion of topologically
sorted ordering. Generally speaking, many reasonable sequences exist that will satisfy the above condition.

2.2 Preparation of the STS method

The Strategic Task Sequencing (STS) method has been proposed to order learning tasks on the one
dimensional scale, based on learning structure graph on two-dimensional learning space. The sequence is

represented by O=<v; > v, =>---=v, >. In related to the order between each objective, v, is
indispensable prerequisite objective tov,. And it represented v; —> v that v, must learn previoustov;.
e  Superior objective and subordinate objective
Superior objectives and subordinate objectives of a node v, are defined by reachable nodes from the
node v; and nodes that are reachable to the node v; , respectively.
e  Superior objective set and subordinate objective set
A superior objectives set and a subordinate objectives set of v; is represented S,(v;)andS,(v;).

respectively. Common superior objectives set and common subordinate objectives set is called by
coupling superior objectives set and coupling subordinate objectives set, respectively. Coupling
superior objectives set and coupling subordinate objectives set is represented
by S,(v;)NS,(v,) and S, (v;) N S,(v;), respectively. When S'is represented the set, number of

elements in the set S is represented by N[S].
¢  The prerequisite-directed and object-directed index

The prerequisite-directed index between a pair of objective v;and v, is defined as f;; .

fy =NIS,0v)NS, )N (,j=12,,n) (€))]
Similarly, the object-directed index between a pair of objective v;and v; isdefinedasg, .

g; =NIS,(v)NS,VOUN (G, j=12,:--,7) )]

¢ The sequencing index
The sequencing index represents that each of the prerequisite-directed index and the object-directed
index is set and the learning strategy is set what-like putting weight. Specifically, the sequencing

index between a pair of objective v;and v, is defined as g, .

0, =00v;,v))=a f;+B-g; (GJj=12--,n), 3)
where |a|+|F=1 )]
o and B are called by prerequisite-directed and object-directed weights, respectively. Also,
constrained condition of @ and f adopts so that the sequencing index is normalized. Individual
learning strategies are taken according to changes of o and g values.
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3. NAVIGATION BY USING THE STS METHOD

3.1 Description of learning strategies

The values of @ and [ change under a constraint condition B
ofja|+|B|=1, as shown in Fig.2. There exist eight typical learning P'ereq“is’“"{oﬁemed
strategies as follows: fundamental-oriented, prerequisite-oriented,
context-oriented, objective-oriented, application-oriented, non-prerequisite-
oriented, non-context-oriented, and non-objective-oriented strategies. The  Non-objegtve-orintell Objeciivg-orientec
most typical four learning strategies are described in the following: —1 N

o  Context-oriented strategy

This sequencing is made when the values of a@ and g take
0<a<1,0< B<1(a=1/2,8=1/2as typical example). The nodes -1
are selected focusing on continuousness according to both Non-prereduisite-orinted
prerequisite and objective nodes. One of optimum sequence based
on context-oriented strategy:
0,=<2=23=38=7=245=26=1>.

¢ Fundamental-oriented strategy

This sequencing is made when the values of o and ftake -1<a<0,0<p<1 (a=1/2,8=
1/2 as typical example). One of optimum sequence based on fundamental-oriented strategy:
0,=<2=23452867T1>.

¢  Application-oriented strategy

The sequencing is made when values of a and S take 0<a<1,-1<8<0

(a=1/2, 8 = —1/2 as typical example). One of optimum sequence based on application-oriented:
O, =<2=23=4=35=8=6=T7=1>.

e Non-context-oriented strategy
This sequencing is made when the values of o and f take -1<a<0,-1<8<0

(a =-1/2, B = —1/2 as typical example). This strategy should be never recommended.
The rest four strategies are omitted. The most recommended strategy is context-oriented strategy.

Application-oriepfed text-orinted

Non-context-orifed |Fund¥mental-orintec

Fig.2 Relationship among typical
sequence and aand B

3.2 Algorithm of the STS method

About algorithm of the STS method describes henceforth. Also, it illustrates Fig.3
as image of sequencing.
1) Hypothetical node vy is added to connect to all the first selectable nodes

(=V}), that is no descendent nodes. That is, arrows are drawn from v, to
any v, (€V)). i=1,and go2.
2) Forany v, (€V,), v, isextracted satisfying the following inequality:
O,V j) <O(v,,v;) - &)

The selected node v, is added to the end of the sequence.

3) And a set 7, of nodes including new selectable nodes are extracted.

Here, the node v; is deleted from V) ;. This algorithm is terminated, . .
, . _ Fig3 The image of
when i=n. Otherwise, i=i+1,and goto?2. sequencing process
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4. AFUZZY ESTIMATION METHOD FOR LEARNING STRATEGY
FROM E-LEARNING SEQUENCE RECORDS

Finally, this section describes the estimation method for individual
strategies in accordance with the STS method. That is, when given
e-learning structure graph and individual past sequence records,
individual learning strategies are estimated. It is assumed that the
sequence is given by the sequence O, .

Next, it is assumed that all the nodes are selected as to satisfy
Eq.(5). That is, each range of one-dimensional parameter 4 ,
concentrated the two-dimensional parametersa, §, are extracted
by O(vy,v),0(v;,v,),++,60(v,_;,V,) as shown in Fig.4. Each stage
is piled up on top of one another and as a result is described as
shown in Fig5. This graph means a membership function for
individual strategies on the given sequence. On the other hand, all
of the membership functions of individual strategies are described as
shown in Fig.6. A fuzzy decision-making is applied to the estimation
method as shown in Fig.7. Fuzzy goals are defined by
G, (i=12,---,8) and fuzzy constraint is defined by the given learning
sequence O . Then, fuzzy decision of strategy of O is described
by D .The goal Dis divided into eight sub-goals D, (i=1,2,---,8) .
Thatis, D =| D, 6)

Also, M, (1) = Mg (1) N Mo (1) 0
Therefore, maximum grade (D) of fuzzy decision D is described
as follows:

h(D) = Max.{ J(M g, (1) ™ M, (1))} ®
Let’s represent a o -level set of a fuzzy set 4 by A, . Then,
Aypy ={u | Mp(p)2a} ®

In this example of O,, h(D)=1.0and App) ={u | #=0.125}. As

a result, the sequence O, is estimated as prerequisite-oriented
strategy with the membership function value 1.0.

5. CONCLUSIONS

This paper presented a navigation algorithm depending on individual
learning strategies. In future we are going to evaluate validity of the
algorithm.
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MEASUREMENT AND EVALUATION METHOD FOR A CONCEPT MAPPING TEST
BY DRAWING ORDERING RELATIONS AMONG CONCEPTS

Makoto Takeya, Nobuaki Yasugi, Yoshio Funabashi & Keizo Nagaoka
Takushoku University, Mitsubishi EIN, Fujitsu SSL & Waseda University
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Abstract. The traditional paper test is able to measure mainly individual student’s understanding level of individual bits of
knowledge. However, it is difficult to measure the internal connection among bits of knowledge. Previously, Takeya, et al. (2004) had
presented a new testing method, called a concept mapping test for a formative evaluation tool at the 1* CMC. This is a test by using
concept maps based on the prerequisite relations among concepts. However, future subjects lie in an evaluation method for a concept
mapping test based on ordering relations with transitivity law, such as casual relations, inclusion relations, and so on. This paper
presents new measurement and evaluation method for these kinds of structural knowledge. Secondly, giving a few examples, this
paper discusses scoring method based on qualitative degree of sequencing. Thirdly, these characteristics and validities of the
measurement and evaluation method are discussed.

Category/Categoria: Poster

1 Introduction

Lectures and texts are arranged in linear or sequential order. Each learning unit is presented in order. That is, they
naturally move from one idea to the next, and so forth, without ever systematically detailing the structural
relationships among these ideas. The teacher is concerned with assessing and promoting the acquisition of
knowledge by individual students. Attention has recently been drawn to what has become known as 'structural
knowledge' or knowledge of interrelationships among ideas in their knowledge domain. The authors are becoming
aware of the need to establish the internal connectedness of ideas and concepts to be learned. It is difficult to
evaluate these internal relationships among ideas by using traditional paper tests, because these tests mainly measure
the understanding level of individual bits of knowledge obtained by individual students.

2 Measurement and evaluation by a concept mapping test based on ordering relations

It is very important to check whether each relationship, i.e. each arrow in the student’s map exists or not compared
with the teacher’s map. Especially, we have to investigate whether misunderstanding of relationships occur or not
under the influence of existence or non-existence of individual arrows. Define a concept map by a digraph (directed
graph) G = (V,E), where V is a set of vertexes ¥V ={v,v,,--,v,}, and E is a set of arrows E ={e;,e,,-:,e,}.
The remarkable feature of the concept map G with respect of casual relations, inclusion relations, ordering relations,
and so on is that the map is transitive. Here, G is transitive if and only if there exists an arrow (v;,v;) whenever

both arrows (v;,v j) and (v j,vk) exists. That is, it is satisfied that whenever v; - v It and v P> Vi then v; > v

Previously, Takeya (1999) and Takeya, et al. (2004) had presented the similarity index concentrating on relations of
arrows. Contrary to this, a new similarity index should be discussed from a view point of ordering with transitivity
law. Next, an example of a concept mapping test is shown before the new similarity index will be introduced in 2.2.

2.1 A concept mapping test on casual relationships

A concept map has been utilized in lectures on Environmental Science at Takushoku University in Japan. After
lecturing and showing a video on the “Crisis of the Living Environment at the Foot of Mt. Fuji”, a performance test
is given by use of a concept map. Test contents are shown as follows:

Included are the following nineteen elements. Please draw a concept map, where an arrow “a — b ” means a direct
relation between cause a and effect . Please show your map in the form of a hierarchical structure. Here, the
element on the first level is only the element (1).
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As shown in Figure 1, their contents include the following:

(1) Crisis of the living environment at the
foot of Mt. Fuji (the target)

(2) Industrial use of underground water

(3) Water pollution in rivers

(4) Appearance of artificial valleys

(5) Agricultural damage

(6) Atmospheric contamination

(7) Change of underground water to salt water

(8) Deforestation

(9) Sprinkling of agricultural chemicals

(10) Factory construction

(11) Increase of diseased trees in forest
(12) Dumping of factory wastes into rivers
(13) Gas emissions from automobiles

(14) Decrease of underground water

(15) Decrease of water retention power of the ground

(16) Golf course development

(17) Occurrence of avalanche accidents
(18) Subaru-line road construction

(19) Dumping of factory wastes into rivers

[Question] Pleass show your cognitive map that shows your concept map on “Crisis of the
Living Environments at the foot of MLFyji”. Here, an arrow "a-=b" means a relation bstween
cause a and effect b. The element 1 had been drawn, as shown below on this sheet.
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Figure 1. An example of the concept mapping test sheet.
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Figure 3 The rearranged English version of the concept

map shown in Figure 2.

Figure 2 An original sheet of a concept mapping test drawn by one of students. (in

Japanese)

Level 1
Lovel 2
Level 3
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T1. increase of 8. 74, Decreate of
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Level 68

1
Level 7

18,
Lovel B L

Figure 4 The concept map drawn by a professor.
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Figure 1 shows a Japanese original of a concept mapping test drawn by one of students. Figure 2 represents
rearranged English version of the concept map shown in Figure 1. Corresponding to Figure 3, Figure 4 shows the
concept map drawn by the professor. According to the calculation of the performance score described in 2.2, the
professor can understand the performance level for each student. In this case, the student receives a score of 42,
described in 2.2.

2.2  Measurement and evaluation method

In the case where the digraph satisfies the transitive law, such as the map on casual relationships, and inclusion

relationships, the teacher has to give attention to ordering of vertexes. Call a transitive digraph except a totally

ordered digraph as a partially ordered digraph. So, represent both an antecedent set of the vertex v; and a reachable
X X

set of v; onGy , by V<—> v j> and V<v y —>> , respectively. Then, similarity index S'(Gr,Gy) among the

teacher’s map Gy and the student’s map Gy is defined as follows:

o) s W v )]

T X T x\’
N (R N RV
Naturally, the following inequality is obtained.
0<S'(Gr,Gy)<1 @

Considering the maps in Figure 1 as partially ordered digraph, let’s show examples of calculation process. For
example, pay attention to the vertex 3.

V(-3 ={2,7,910,12,14,16,19}, ¥{—3)* = {1219},

n
i

S’(GT,GX) =

v(3-) =415, V(3 »)* ={1,5}, and
I(V(—) 3 (>3 Yo (P -) nr(s ) )l =2+2=4

Next, for the vertex8, V(> 8) ={16,18}, ¥(—8)* ={l6},
(8 ) ={,41517), V(8 »)* ={11117}, and

l(v(_) ) v " )o(v(s-) v _>)X)]=3.

In the same way as the vertex 3and 8, these values of all the other vertexes involved in Gy and Gy are calculated.

2.3 Characteristics and validity of the similarity index

Here, to analyse similarity index, S'(Gr,Gy ) is linearly transformed as follows:
w(Gr,Gx)=28"(Gr,Gx)~-1. 3)
Thatis, —-1<y(Gr,Gx)<1. C))
Let’s refer to this index as the Takeya’s . According to Eq.'(3), it is considered that this index has very interesting
characteristics. Ranking data can be interpreted as vertexes on a linear digraph such as G; shown in Fug.5. Strictly

speaking, note that the linear digraph is a totally ordered digraph which holds the transitive law. Whenever
both Gy and G y are linear graphs, then the Takeya'’s y coefficient is equivalent to both the Goodman-Kruskal y

coefficient, Somers' d coefficient and Kendoll’s t coefficient well known as measures of association in ordinal data.
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That is, whenever both G and G are linear graphs, then

w(Gr,Gy) =(Gr,Gy)=d(Gr,Gy)=1(Gr,Gx) . ®)
Moreover, in the case where y coefficient is defined in the expanded range of non-linear data structure as shown in
Figure 6, the following relation is obtained.

7(Gr,Gx) 2y (Gr,Gx) . (6)
The proof of the Eq.(5) and (6) are omitted by the space limitation. If examined in detail distributions of y and y of
several practical concept mapping tests, the values of Takeya’s y coefficient cover the range from -0.5 to 1, but the
most of values of Goodman-Kruskal y coefficient converge on the range from 0.8 to 1. Also, in Figure 6,
¥(Gy,Gy)=1.00, but w(Gy,Gy )=.40. The ordered pairs (d, a), (e, a),(f, @), (e,c)and (f, c) exist on G, but
never exist on Gy . On the other hand, the ordered pairs (c, d), (e, d) and (f, e) exist on Gy, but there never exist
onGy . The y coefficient is taken no account of the above differences. On the other hand, those differences are built
in to the y coefficient. Therefore, it is considered that the y coefficient is the rank correlation generalized to
partially ordered data structure. Here, this theoretical description is omitted. As a result, the y coefficient is
applicable not only to linear hierarchical structure, but also to non-linear one. That is, the Takeya’s  coefficient is
generalization of traditional several rank coefficients.

3 Summary

This paper presented measurement and evaluation for concept mapping tests based on casual relationships. Secondly
the measurement method for structural knowledge was shown by using both the models of a concept map and the
actual mapping tests. Thirdly, this paper discussed scoring methods according to qualitative degree of sequencing.
Lastly, the validity was confirmed. Especially, it was derived that the scoring method for partially ordered map is
based on the Takeya’s y coefficient which is generalized from the traditional Goodman-Kruskal y . One of the
problems to be solved in near future is development on a reformation algorithm for individual students’
misunderstanding.
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Abstract The measurement method for students’ structural understanding using a Logical Flow Graph (LFG) is called as
Logical Flow Test (LFT) and the LFT is effective for measurement and evaluation of their logical thinking ability. This paper
discusses effectiveness of group learning compared with individual learning by using their LFGs. That is, this paper describes a
case study performed with "System Design 11" class for the third grader in Department of Mechanical System Engineering o1
our university. As a result, it became clear that group learning by using LFGs is effective for their improvement of logical
thinking ability.

Keyword structural knowledge, Logical Flow Graphs, Logical Flow Test method, Group Learning
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BMAZERBEOEHBROBMGLLHE L2 LFG &
FEENFEREOENBEOEKLEEL - LFG
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Development of An Algorithm for Groupware Modeling for A
Collaborative Learning

Tkuo Kitagaki, Atsushi Hikita, Makoto Takeya, Yasuhiro Fujihara

Abstract: This paper reports an algorithm for forming groups of students with re-
gard to a computer system for collaborative learning designed to give a cue for debate
utilizing mobile terminals. With this system, questionnaires which should be used as
the seeds for debates are prepared in advance on the Web and all students attending
the class answer to the questionnaires on the Web through their mobile terminals.
Following this, the computer assigns students to approptiate groups based on the re-
sults of answers, and transmits each of answers and information of the group member
to terminals of the students. Based on the information, students form groups and each
group starts debate. In this study, system composition is dealt with first and algorithm
for forming groups using answers by the students is discussed.

Keywords: Group forming, algorithm, collaborative learning, mobile terminal, de-
bate system, groupware

1 Introduction

This study relates to university class in Japan. In many cases, lectures are given in one-sided manner,
and it is pointed out that some schemes are necessary to encourage students to express their opinions or
to induce discussions by students themselves[5][8]. Considering the recent trend that almost all students
carry their own mobile terminals{6][7], this study relates to a learning system that utilizes mobile ter-
minals as an ancillary tools for debate. Students are divided into groups making use of the information
of answers by the students against questionnaires presented beforehand. On this occasion, information
necessary for grouping and results of grouping are transmitted together with contents of each of answers
to mobile terminals of the students. Students are then requested to form groups based on these informa-
tion and to initiate debates in each group. In other words, this system is one sort of blended learning in
which face-to-face debate is carried out utilizing electronic educational information communication. In
this study, algorithm for grouping based on information of answers by the students is dealt with. With
collaborative learning as mentioned, two points can be expected as mentioned below.

1. Groups are being formed considering education effects. Therefore, every student can know why
he/she is assigned to the current group.

2. Students are instructed to start debate using the information on their answers as the seeds. There-
fore, they can easily grasp a cue for debates.

According to the conventional method of grouping of students, groups are formed simply mechani-
cally in the order of student ID numbers or those seating nearby are assigned to the same group. Mean-
while, in this study, it is attempted to form groups appropriately based on answers against some sort of
assignments including tests. Teaching by groups which were formed based on answers of the students
was attempted by the prior study[2][3]. At the time of this study, since possession of a mobile terminal
by every student was not practical, test results were collected and marked by the teacher, groups were
formed based on the results. Test papers were returned to the students, groups were formed, and stu-
dents in each of the groups are requested to discuss primarily incorrect answers. For this reason, it took
enormous time from answering to the questionnaires by the students to group discussion. This time,
fully making use of information technology available today, we configured a new collaborative learning
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system. Thanks to assistance by mobile terminals, it is expected that from answering by the students
till execution of discussions can be made promptly and smoothly. This system is currently under devel-
opment. In Section 2, outline of system composition will be described, and an algorithm for forming
groups will be introduced in Section 3 onward. Although the algorithm is one portion of the system, it
is significant to make that in order to put the system into practical use, which may promote the practical
e-learning in universities[1].

2 System Flow

Total four files are prepared and used in this system, student file, questionnaire file, aggregation file
and groupware file. These files are used in this order.

1. Student file
Basic information such as mail address, age, gender or the like of students are summarized in this
file.

2. Questionnaire file
Questionnaire or the like concerning discussion theme are summarized in this file. This file can be
consisted of any of three types, multiple-choice method that allows only one selection, multiple-
choice method that allows a plurality of selections, and free composition. (Multiple-choice method
alone is subjected to processing of item 4. onward.)

3. Aggregation file
Answers by the students for questionnaires in 2. are aggregated in this file.

4. Groupware file
The computer forms student groups appropriately based on results of answers by the students in 3.
This file also includes information on, in addition to answers by the students, which students form
one group.

Execution procedures for preparing and utilizing above-mentioned files are shown in Fig.1.

(1) A student accesses the predetermined URL, enters basic information such as gender, ID number
or the like and transmits it. His/her file (EXCEL) is then completed while the teacher may execute
input and deletion of the information by operating EXCEL directly. Basic information of a certain
class is stored here and this file can be utilized at every round-table discussion held by the class.

(2) With regard to a discussion planned by a certain teaching, a group of questionnaires which may
benefit grouping is prepared and is registered to the system as a questionnaire file.

(3) Several groups of questionnaires are being registered in the questionnaire file. The teacher picks
up specific groups of questionnaires and transmits URL for browsing questionnaire items to mail
addresses of all students.

(4) Students answer the questionnaires and transmit them to create an aggregation file.

(5) Based on the information in the aggregation file, students are assigned appropriately to a certain
group.

(6) Information on grouping is transmitted to mobile terminals of the students.

Upon completion of above-mentioned procedures, the students are grouped in the class and start
discussions using results of answers as the cue.
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3 Construction of students groups

Suppose that there are four students A, B, C and D, and three questions a, b and ¢ are given. Results
of evaluation of answers to these questions are shown by O and X as shown in Table 1. One group
consists of two students and discussion is made within the group primarily for questions which resulted
in incorrect answers. In this case, two types of grouping shown in the table are compared. With grouping
p. students A and B and students C and D constitute one group, respectively. However, in both groups,
each of group members presented the same correct/incorrect pattern. Namely, in group 1, both members
gave incorrect answer for question b and a possibility that they can teach each other for problem solving
is low. The same also applies to group 2. Contrary, with grouping q, students A and C and students B
and D constitute one group, respectively, and the said problem does not occur in this case.

From above-mentioned cases, it may be said that grouping q is superior to grouping p. When we
focus on problem solving of correct answers and incorrect answers of the test, possibility of problem
solving is considered to be higher for such a case where there are different patterns of answers rather
than a case where there is only one pattern in the same group. '

Table 1: Example of results of evalnation of answers and grouping

Student Result of Result of Result of Grouping p | Grouping q
evaluation of | evaluation of | evaluation of | (Group ID) | (Group ID)
question a question b question ¢
A O X O 1 1
B O X O 1 2
C X O X 2 1
D X O X 2 2

Suppose that the number of members in each of groups is the same. Then excellence of grouping
ug in a certain group g (g € G) is defined. Question j and question set are expressed by m; and M (m
€ M), respectively, and student i in one group g and the student sets is expressed by s; and S, (s; € g),
respectively. Further, result e of evaluation of answer for question m; and for student s; are expressed by
e (m;,s).

e Answer is correct — e(m;,s;) = 1

e Answer is incorrect — e(m;,s;) =0

Z Z (] —e(miask)) U E(m,',Sj)

syEgmeM 5;€8

ey

Uy =
s IM || Sl

where, |M| denotes the number of elements of sets M. Grouping u of entire class is expressed by
Equation (2)

2 ug

u= geG
|G|

Although two u,’s obtained by equation (1) are comparable to each other only for the case that both
groups consist of the same number of the students, the proposed idea in this paper will be able to be

)
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extended to the different number of groups in a classroom by equation (3) where both equations (1) and
(2) are combined:

Z Z Z (1—e(my,sx)) U e(mi, s;)

geGsrEgmeM S;EQ
Uy =
: M || Sl

3

where N means the number of the students in a classroom. Actually there could be that several groups
are different in the number of group members because the total number of the classroom cannot be well
divided into an integer by appropriate integers.

‘Whether the number of the students in a group is equal or not, it is necessary to calculate equation (2)
or (3) for all the combination of student group in order to obtained the maximum solution. Although it is
possible to do that theoretically, it is difficult to obtain the strict solution because of the enormous number
of calculations. In reality, if the number of group members is supposed to be 4, the computer can execute
computations of a class consisting of 50 peoples at the most. Then more simplified method should be
used. In other words, with the relevant algorithm, suppose that students of one class are re-expressed as
81, . . , Sy, the following replacement is made which results in calculations of N (N-1) times in total, and
a group in which u becomes the maximum is judged to be the optimum grouping.

s; and sp,51 and s3,++,51 and sy
52 and 53,52 and 54, -+, 52 and sy

Q)

............ SN—-1 and SN

It is already known that when one class consists of 20 and several members and one group consists of
four members, excellence of grouping by the simplified algorithm as used in the current proposal is, com-
pared with a case where the same is obtained for all combinations without simplification, approximately
60 ~ 100% optimization rate depending upon the answer pattern[4].

4 Discussion in a classroom

Two kinds of discussion were administrated concerning the proposed method.

The first kind is the one for discussing test answers, where the evaluation either of correct or wrong
was determined. Digital mathematics served as the subject. Several test problems were given to the
students. All the test problems had multiple choice type of answers thus the students selected an answer
among them. Because the evaluation was already done, the instructor, after group making, told them to
start by telling the evaluated result then discuss the answer which was evaluated wrong.

The second kind is the one for discussing opinions, where the evaluation either of correct or wrong
cannot be determined. Training program for job hunting served as the subject. The example of a question
done by an interview and the answer by the interviewee was presented followed by several opinions for
the answer then the students selected an opinion which they thought the closest to their impression. The
instructor, after group making, told them to start by telling their own choice, discuss a better answer then
make the report as group co-working.

Through several administrations, the method was thought to give the students learning motivation
because, every time when the proposed discussions were done, group member changed for clear reason
leading to their refreshment. In addition to that, we thought that, if the more detail direction in what
point the discussion ought to be done was given to the students, they may think it easier to start.
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5 Consideration

According to the algorithm for forming groups used in the current proposal, grouping is made so
that results of evaluation of answers of the test by students may become different as much as possible.
For the sake of establishment of more generalized algorithm, overall investigations are necessary which
includes what sort of group discussions are actually available, what sort of information are effective for
forming groups, what judgment criteria should be used to determine good or bad of grouping based on
the said information. Although in the present study, results of evaluation of answers are digitized to
either 0 or 1, the authors intend to investigate another algorithm capable of coping with more diversified
evaluation results. At the same time, utility of this group discussion system and points to be improved
will be checked from both software and hardware aspects through practicing.
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An Algorithm for Configuration of Learners’ Groups Based on Structure of
Learner’s Understanding and Dissimilarity
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Abstract The students draw actually various understanding structure despite the same lesson in
the same learning environment, because each student in class has his own level of understanding.
This paper proposes a method for guiding their understanding structure to the correct structure by
group learning without teacher. In this method, it is very important to divide students into groups
based on their understanding. Here the students are classified into groups by structural dissimilarity
which we proposed before, and the students discuss the problem in each group. The learning by the
grouping is not the only once, but repeated several times.

Key words group learning, grouping, dissimilarity, understanding structure
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Scholastic Achievement Structure of The National Center Test 2005

using Self-Organizing Map and Full Information Maximum Likelihood Method

Kojiro Shojima, Tatsuo Otsu, Masaaki Taguri

The National Center for University Entrance Examinations

The scholastic achievement structure in the data of the National Center Test 2005 was exploratorily
analyzed using a self-organizing map (SOM). Next, the mean, the variance-covariance, and the
correlation structure for the sixteen principal subjects were computed using the full-information

maximum likelihood (FIML) method. The target population of the analysis was able-bodied high school
graduands. Extraction of nine scholastic achievement layers using SOM, clarified that the
subject-selection patterns and favorite subjects were different in each layer. FIML analysis also suggested
that two factors which were abilities for liberal arts and sciences were assumed in the scholastic
achievement structure.
Keywords : academic achievement, National Center Test, self-organizing map, full-information ML
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AWFFE T, 20055E1 R ICHEIT S - REARE
& —588% (The National Center Test, NCT) iZ3 T,
TREEFANCEBET 2FNBEHREL, FHOMHEE
BETHALGNITAZEREN LTS, L, 20
BNZ, ETAMIETES 250 1FhH) OEZEERL
TR LT,

Eil (2005) (2XBE, BBECRITE [%h] OF
‘DM, FHLIZE IV bONTHONTDEZH,
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ND LTV, 0FERBETIL [RAE - BXbT= -
B Uz B EURREOEAREOREDH T NE
Ranhi-. EBI19T0FERIZRD L, L ARNRE
HABRRD O, HFRBRLELMEERE L Tomik
bz TRy RIS 2R BERShD L
ot EBIL, FRICEOFERETHEL LV
SERIZEDHEEFICBV T, HLWEAEE LT
[EXx25) BPEY EFbTWA. Zhiul, TRR8E
TH OFRBEEZIOZERIZBNT, FEbbAHE

LEVEDLEZXDL 2L, 21z BE LRIE

DEEBDEV F L LTERINEZNLTHS.

TDEIIZ, SESERFIHEPRRINTEN,
R Z R DI ONT, BAK - BER OB EEIER
ENTEZXIBbhd. —FHT, BHE (1962) @
B L o7 TERMEHAFTREZR & 5 I s -
BENEE, FELTCREELEN WIHIENELD
o7, ZOBHE (1962) 0SB, FO%I10ERKR
LE=ENLEIRPOKEL 72o7- (B, 2005) 23,
STHLHHBIZEINTWERENBOLIS>TH S
5. ZOXHRFEHBUL, THREOER] %o, F
N. Freeman<°E. G. Boring?3, ##EI37 X Mz ko
THESNDbD) EERLE (eg., WK, 2005) =
EIZEITW 3. Freeman<Boringl3#ERIEZHEE L T,
ZFOEIHREERI itk o, BlETRZ LD
BILETER LI LR DZENTED. SETIIIO
X REZ I, HREOHM TII—RIICZAEINT
WAV, R, AeBE Y, AWET X FTCHIBR
B2HDLEZ DAL BIERE LTHRIRVWESD.
2%V, BH, Freeman, Boring®% x 5i%, F#&
SRR OB TIIZIT AN LN THRWVE, —#n—
BAIZ fELonTWS] Vol ZATHAS.
Piad &b TagERe®Eh i, 7R P TRIESh=A
RN THD) LEEE-S-TEXD LI, TAL
BRE D H & DB RBDHRE TRV E WV 728G
R ODFESE - FREENL/ONDTESS.

ET, AWFFETIL, 2005FEDNCTIZBIT 28+
NRBEOEREROEINIZED & 5 IREE%AH 55
EFRIBTHZENEMTHS. Trrld, EROICITE
BIEHBENERTILEZAD K& BHE%EHET
5] EWHEROEEBREFESKRGE LY, BH
(1962) DX Hiz MMy —RBRTHESINZFEAN
FHATHD] LOMPIL BV, LLRb, B
ITOFBREEFOZIBUT, WA EETHADT,
A —HBRTHE SN IEBERERR bENE
BT 2ERDIO>THA . £ T, AHFRITEBNT

61

BRaBRETIHENE L VDI TIHEREN LIRAT
B BRFEAN) L, FEREEHEO B¥h 05
b, BERREZITVTWEENO—REE BT 2 &
BTED.

2. N_R—VZAFNERFEARE L F—HBR

KEARE L Z—FB (NCT) i, £EHOI8HAD
DBBLEIGTDINZET 2 KFEFBRTHD. KF
ARt F— (20052) I2X5 &, 2005E1383DET
K2, T6DASIRENFIA LTS, FLKEETIZ408
RELOTSFEAFALTWS, 77, AERKET
IX155HIAESIER, FASTEHIARE TI1048 %
241FRDBFIALTND (REARE - #—, 2005b).

BEILDOZRER - VAR - BEEA - RS -8
WREIRFARE -0V =TV A TR EH
T3, Fiz, — BRIV TIL, T8k S5 HE (2004)
BLUYEE - HFF - X (2004) DX oz, B F—
RBROSHRBRI/RES N TS, £, - ES -
FLEF - B - JEK - FER - AR - S - 7 LA — (2005)
D X 512, NCT1990—2004% 3535 DIRAELEZ1T
STWBHELHD. Lnl, KEERBRTHBNCT
DHHBEFFMIRATRRBAREIND Z LiITFEHI
EFNTH5. FriZ, BEEOHEBBEIZ OV TITHRE
ER TV, TIMSS-RROPISAIZ & B2 ARE DR
R b LICBENETREVITON QNS 18EE
BOBREIEBER DX HIZRoTOENE, ER
HZRBALETHERETHS.

R, DX BHE - SIS NRD o T2DNIT
DT, FBRFRECBAN LRIV H DN, Th
P2 oD 2 REER - 7= & b s, LLTI
ZFNHIZDOWTEHAT 3.

2.1. EHEHICEbARIE

1 DITITFHEEORES YR H 5. & 7 —RBRINEE
RO [F5E] IR LZREFNEL, 2005 FOER
BRTIX 521, 059 A THh o7z (REARE & —, 2005¢).
50 THFLA EDT— % % FEITH X B X 51272 o T2 DI,
BED 5~10 L BWWTHD. TO X H e KT —
BEAIBONR—I)FANaAva—FDAEYITEHET
ST HIENE, DV I0ERTE TIIEEL L, Lizdio
T, KEEEMERVWCERFHELZREET AR ED
BB LAMTZ R0 7-. UL, 0 10 R



ET, HEBOMRIRENICESR LT, ZhETH
B S T KT — O RY R 80, 1808
—VFNasa—F FCHEBEFERIITZA X5
TRoT&i.

o, TRIHEST, v— T4 T - AL A
DIBRETBNT, KT —F 2057200
PRS- FERR Y 7 Mo TICEESh TE .
BiZ, 7—F~A=VTHOY7 =T ThHD
Clementine (SPSS Inc., 2005) <°Visual Mining

Studio 5.0 (RSB 27 A 2005) Y, F—

X DEMBGER « AT - 53t - TFE2 EE2RetITITZ S
7Ty T A—ADBBIRENES S, KT —
ZOHHHE, ET—F ORISR - ITIZ% < O
LFENBBERENDENOLTHS.

2.2. REHEDORIE

iz, B —HBRT— X OEXOHERT DT
DOEEERHD. LWV HDIL, 20050t 7 —FHB
6EFI32FL B DA b, RBRAIL, RITTVWEHE ZEER
TBT7 AN bERPERENTNDENLTHS. &
R Tabb, EETEHERREZ BT 5.
LT, ZEORPAEZ AT, 52827 o F LR (missing
completely at random, MCAR; e.g., Little & Rubin,
1987; ‘&, 2002) % {REL T, Y X hTL DHIBRH D
UNIAT Z & DRIEREAT 5 72 £ O RPIEDFF S 72
V. EbiY, MCARRE TERWV L EHFHEDOHE
BN, TABELEZNLTHB.

72¥, MCARZARGE TE 72\ D> 2 U, — AN,
£ TED EHREHHE) TR, SERUEY
ZTAEABH Y, BIREIEEBIDRVZRARL, &
BEEABMMEVVERRHD. Z0X5RE %, thoFEH
DEROBAR KB LB NCET 2188 EF- T
WA TTREMED $H B DT, MCARBRETE R\ Lz
25T, MCARD G & TIIFFEN D V2B HEVH
WBHZEBRTERWY. 2R 2H 7 U FARH
(missing at random, MAR) O % & TOHHTEIT 2 &
BERHAHD. 2B, MARDY & THRRERBETHD5E
LE#ELEE (full-information maximum likelihood,
FIML; e.g., Arbuckle, 1996; Bock, Gibbons & Muraki,
1994; Joéreskog & Moustaki, 2001; Lee, Poon &
Bentler, 1990; Muraki & Carlson, 1995), EM7 /L=
U X2 (Dempster, Laird & Rubin, 1977; #&0 - 1LA,
2000) &MV 7o#hsEls, £EAAE (Rubin, 1987)
REE, BROY 7 MU =TITEEIND X DITRY
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D0H 5.

HERR, KBS, 8D 3 % Kl (informative missing,
IM) ThaEEHELHS. LL, BEZZFDLEED
REEEEZRETHZ LII#LL, Tz, BEET—
Z DEEITE, BEROENRKREWVIZE, RAIOES%
MOBR SN EEOEPMRERFL T A HSPEES
DT, MARDBRRIIV T LHETEARELIZTEZLD
niv. %0, IMObL & THT T AMNEREEEHOR
BIcEbLODb, Y7 Ny =T OERERNEZEZT
MARZRET 2 DOBBREHITIIRDS 5 b

LU, MARD b & TR FERE L BEam
1ZiE, 1970FERBITONTNAR, Y7 hU =7 T
FRIITIZENTER LI RoT2DiE, RITVE
EDOLMEL bWWEEBbha. LT, Br¥—
RBROFMLERB INETITHZ v BEINR)-
7=Di%, MCARD b & TORER LRE C& otz
WREDFEMIRREEZD L, A TRBHD 50
D ESTAERERETHZ LICZOREBA TNEZ
LIZHER LW E B3,

3. B

AFRSLTIL, 2005 DOKRKZFEARE ¥ —BRT—F
(LA, NCT2005 & B&:0) (i1 28R G B
CH#k{t~ >~ 7 (self-organizing maps, SOM; e.g.,
Kohonen, 1995; &% - 5 H - Bk, 1999; 785 - B -
HiJjll, 2002) & RV TERRANC 8T L7141, SE2EH
B (FIML) 2T, B8 B o#RSEh oM
HETRETD. TOB, Bif4 - @EE - XH_B%
BREDT—XEXRET .

R, ZOX5T—FERY BT, ERLELD
RRAHTIEIZ LV BREHEAT 5 DDNTOWT, LUF TR
5.

3. 1.7, B&RAE - BEE - ARTBEDHRD

T, Y, BREEHNBELTHINTHD. Th
i3, BEFERD D VIISERRIERE R 5 mEFR
FEHYOFEBH, W, BEIZEDX S REF
ZIMEETHIODEBRNCRET 52 L 2EETD
VERDHD EEZTNOTHDH. BANEOERE IE
EX, RBREOENERXEERRZBEEZHEL TS
ZLHIFIBITEZLND. LMo T, BHiRE—HIT
TAHLYLERINZHIT LIE ) BNLn e Ebhi.
%55, NCT2005 TiX, £2ZBEBED I B, 453D 1D
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W5,
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£, ARBRZREERBLTHIOH, & - HFAR
EARBARICT R M TRV, BAMIC BT
BETHHZEPHEBATHD. BR2) 7L, B BR
BIBREII2ED I BI00ERETHY, 07 —F %
BN 5Z LIT X BFEBITIZLE A LR,

3.2. 72H, SOMERAWA»

SOMiZ, &« DEARASRZ M) E2RTHT I
HFBLTW ZFRAZ Y TFEDLIOTHD. TA b
T —ZIZSOME A L7oBil% BTz b2V, A%
TSOMZERAWAHEBIX, W 2o0b5b. T bEFZE
T5&, OFRBHNT—FIMCELTWSZ L, OF
FAPREERTHBEZ L, RETHB.

SOMi3, EUEEE (HHV L, BEHMES, HAEE)
DIPN=2—FNRy NT—TEFNEEPND I L
LHY, TETNVBEHRL T HREIERLHTHEH-D
W2, ETFNVEERICT— A BRI ERILNTED
DT, BEHT —FATIZENTWS. £, R
DOIERE 2R TTICERM U TR T 5 L WO HE %8
S TNBTD, T—ELOABMEBES THD.
IO XS ICSOMEEAT 2EHIY, T—FDHTED
L2 ENBISoTVBENIONT, SHERT T
VA VICAWSET I L > TR REI N
AR Lz b TH S,

723, SOMIZHIT 5 KEHEDELY $v X, ASi~7
MDS G, REGEFTEZATUEER2VIREE LT
HELTW5.

3.3. 7p¥ FIML I & A+EEEREED>

228 TR L=, 7T UA XHERZ Y, BRI
MCARBMRE Sz b & THE I 2 MBS,
MCARZET 2 = & BHEES & B 5 X flEEL
BEONCTT —Z IR\ i, FRZ2RB > THRTIR
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nidhs. LEBoT, MCARDIRELBRMESET,
MARDEED b & THEBEL BT 5 UERHS.
FIMLiZ, MARDIEED G & Tix, ¥ - ik - 5
B - R LOREELRTETHH Z 3o TH
5.

REARE VY —BBBIREZ LW EERBEIED
) ROERRZE (SD) i3, USRI E 23R LI A%
NHEEHEINTWS. LELERL, —FT, i,
MRICESZBREV LB ELZR L L EOEHRR
SD| #HV v, F0k &, RIZKRAEEICMARE
RETE A5, FIMLERAWAZ &I, #hbimad
TEHIZEMTHS. oB, KT, REMEESIMCARY
RETE HDTHIUE, DL %, FIMLEZHWTMAR
DL ETHH LIEFERE, MCARDH ETRTUA R
BBk &2 W THE Sn-ERITERNIC—BT 5.
£, SR L= 90, REMICKAEESIMTH S
ATREMEZBED ABBIZ BN TRV IE ) L.

SOMiZ, FEKTH 253 XITEHRAFIRISATRE ok
REBHZLENTELN, SRR EET
T EITITRBETHS. LnLeRb, FIMLIZX 54
WL, ETADEMRETHHMBR OB FELBLT
BIEINDSDT, FFEHOFUEDHIEEA B ZDIT,
BRUEREBIZLRTES. LEN-T, 2XE
EHARMUE SN, £, MARBMRES N TTE
L HFEEEIL, SOMDMR L HEMIICRIATS 2
LIZESTHEBFEALWIBRGESIEETHZ LT
&5 LBbis.

4. EKFEHEELBBEER S

AMWFFE TRV ZNCT20057 — ¥ D6#FH 328 B 0%
AFHEERUTRT. 2770, ERHOWML, ¥ —
HRBROBEENCEI L T9>DMEE LTW3, Yi%T—
Zi%, NCT20050 55, 18BLLEZER L B34 -
EHEE - BT D385,802 AN xR E LT3,
2B, D&, NCT2005L 7384, YT —& &R
THOET A, 72, bebEERMICEREE AR
BRERENSVENTHLDT, ZREOEEYED
HMELTWABRHERRREL R-oTWA., LN T,
LIk, Rt TrBREEMERICIBREIRELE
227 DF 3,

K19, BELORVEEETER4L - BERAEEM L T
W3, =& xiE, TEROJIFELL X M#20) TH Y,
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#1 : 658{L32F B O EAKE R
(RIRE - BEE - XEBRTRE)

¥ | ©HE code B Min Max Mean 8D
= =< J) Pt 33,834 0 200 115.0 36.4
Hl=Eien P2 331,487 0 200 117.8 32.5
i | HEA o1 1,432 6 100 43.2 18.6
% R B @2 72150 0 100 61.5 20.1
B A 63 3,598 10 100 542 17.1
A%B M 117,781 0 100 580 16.2
$hEE A @5 5024 5 100 64.7 153
I B @6 79,160 O 100 69.0 15.0
Pl Rt 148,962 0 100 69.2 12.4
& HE R2 35,134 0 100 659 14.3
B R3 47,910 O 100 62.9 16.6
% Bl 1 10, 201 0 100 46.9 22.9
¥l-A §2 269,873 0 100 67.5 22.9
il T 9, 321 0 100 387 15.7
% #Il-B T2 234,362 0 100 50.8 18.3
I | T 72 6 100 60.5 22.3
16 T4 969 10 98 555 17.7
)£ 15 428 9 100 541 18.5
m | #ami| U1 63070 O 100 47.6 145
% #ME A u2 1,187 7 100 654 15.5
¥E 1B U3 98600 O 100 57.9 20.2
m | R Vi 488 7 100 625 17.7
% {2 1B V2 143,464 O 100 63.7 221
e 1A V3 2574 12 100 54.4 16.4
e 1B VA 12,428 0 100 64.0 20.5
% &M 1A Wi 5929 9 100 55.6 17.3
44 1B W2 131,157 0 100 50.2 14.8
5 | %5 Xt 382,729 0 200 113.3 37.7
,% HEE X2 36 29 200 136.6 47.9
1hFE X3 94 47 200 138.9 40.2
iR X4 263 38 200 174.7 36.5
Wi X5 54 56 197 161.0 31.3

72, codelid, BBELEaLNT MNIGET ST
DIZFEEOICEV Y TRELOTHD. BEIZE-T,
SREBONTIXNRHDZ LB0ND. £, HiE
LAVEEEL, 200 E TR0 TD. RIDFKERIT,
SZRUBEAAETOOEERLSDEELSHELT
WAR, MRICESBRENYERBEZRLI-26IE,
FOL T ESDIZa bz ZEIZEERLTIEL
AN

Wi, RARBBIRAY v OERERERT. EE
21X, 385,892 A\DBRAEHIE, I IFFHEER
FHgE L -TEY, EiZ, 49078 ORI ERBRZ
DBEINE. 22T, &b L<BEESh 20
NE BT TRL.

#2 : L2080 OF BB X

HERER/ 5 B % R#E% Mean
P2 04 X1 | 40218 1042 1042  54.3
P2 @2 X1 | 20850 541 1584 57.0

P2Q6 S2T2U3V2 X1 ]19248 499 2082 68.9
P2Q6 RT S2T2U3V2 X1 | 15767 409 2491 66.2

P2 Q4 Rt 82 T2 W2 X1 11,139 28 2780 63.1
P2 Xt] 9302 24 3021 46.8
P2 RIS2T2U3Vv2 X1 | an3 210 3231 64.8
P2 Q4 R3 82 12 W2 X1 | 8095 210 3441 62.8

P2 R3IS2T2U3V2 X1 | 7418 192 3633 64.7
P2 G2 R1 82 T2 W2Xt] 7416 192 3825  64.8

P2 R3S Xt] 6829 177 4002 52.5
P2@s S2T2 V2W2X1| 6706 174 4176 67.7
P2 82 Xt ] 5902 153 4329 48.7

P2 R282T2U3V2Z X1]| 5506 143 447 68.9

S2T2 V2 X1 5408 140  46.12 56. 4

$2 12 U3 Xt ] 5381 139 41.51 50.5
P24 S2T2U3V2 X1 ]| 5288 137 4888 68.5
PZA6R1 8272 V2W2 X1 | 5005 130 5018 64.8
P2 G2 R3 82 12 W2 X1 | 4510 117 5135 65.0
P2 G4 R2 82 T2 W2 X1] 4488 116 5251 64.4

Fo, FRFh, ENLIEENIHIG L CGRREh

7R o— FASRENTWS. 281, Y E%2%
BLRDPoZ E 2R LTV, 72k xiE, 385,892
ANDBEAED S B, 40,218 Ai%, [EREL - EEEL (P2) ]
TEASB (Q4)) M¥EE HD ] osBBEETEZRL
TeEWnWHZ L ThHD FEETIHRL, ERICEE L
NREV). Tz, Meanid, YR HIRRYZ OFE
BOEBYROVBROEIETHD. ez, —
Z FOITOR BRI Z U2 RIRLT240,218 NI, 3
B EENR43RTE T O 2 THD. LD,
TEEE] & MVEEE] 1Z1005ATHREL THh5. &
Bl X > CEHEERRRAOT, BEHELEWRETIIR
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P1 P2 S2 T2 Ut
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5 B 340.8  337.4 0.446 | 0.442 | 0.389
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B 284.8 2615 0.450 | 0.449 | 0.464
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e 308.5 3006 | 180.9 1301 127.4 225.7 0.409 | 0.404 | 0.431
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1A 335.4 2085|2083 155.0 159.3 | 1145 141.9 177.4 | 533.7 0.468
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D 3.6 328| 202 164 153) 129 150 168) 23.1| 190]| 153 203 25 21.2] 153]| 317
Mean(E 1) | 1150 117.8| 61.5 580 690 69.2 659 629 | 67.5| 50.8] 476 57.9 637 640 50.2| 1133
eSB! 3.4 3251 2.1 162 150} 124 143 166 229 183 ] 145 202 221 205) 148) 377
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Scholastic Achievement Structure of National Center Test 2006
by Self-Organizing Map

Kojiro Shojima

The National Center for University Entrance Examinations

The scholastic achievement structure in the data of the National Center Test 2006 was exploratorily analyzed using a
self-organizing map (SOM). Our target population was a group of 389,235 able-bodied high school graduates (12th graders). First,
the simple statistics of all 34 subjects. We then used the full-information maximum likelihood method to identify the mean,
covariance, and correlation structure of the main 19 subjects. Second, we did an exploratory analysis of the scholastic achievement
structure of NCT2006 by SOM, and extracted eight clusters (layers). We also examined the distinction of genders in scholastic
achievement.

Keywords : scholastic achievement, The National Center Test, self-organizing map, full-information ML
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HZE A Q5 4,340 10 100 61.83 15.55| -0.140 -0.512
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BUA - B R3 48,190 5 100| 59.52 15.57| -0.194 -0.570
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; 012 . . 11.16
JP1 Q6 R1 S2 T2 V2 W1 X1 Y1 o I 20511 5271 17.4 8671 61 11.69
alP1 Q4 R1 S2 T2 12 X1 Y1 8 | 18326 471 2 85671 55.13  10.8
aP1 a2 X1 Y1 4 | 17676 454 10 78| 48 99 12 11
sP1 a6 S2T2 V2 Wi X1 Y 8 17.060 4.38] 2 87.78| 60.69 12.94
6lP1 02 R1 52 T2 U2 X1 Y1 8 | 13,130 3.3l 0 86.56| 58.67 11.21
7§P1 R1 82 T2 V2 Wi X1 Y1 8 10,798 2.77} 12.5 88.22] 57.55 12.9
glP1 04 R3 S2 T2 U2 X1 Y1 8 0,103 2.34] 8.5 84.22| 56.23 10.98
olP1 Q6 R1 S2 T2 U2 V2 X1 Y1 9 8.547 2.2010.25 85.5| 57.64 10.84
ot Rr3 X1 Y1 4 7,000 1.82| 12.5 74.1|43.65 10.7
11l X1 Y1 3 7.023 1.8 2 73.38] 36.31 11.14
ol R3s2T2 2w oxive 8 6.813 1.75 16.75 86.83] 60.29 12.99
1lPros s2T2u2v2 X1 8 6,741 1.73) 12.57 88| 57.95 12.04
bt RIS2T2U2V2 X1V 8 6,024 1.550 10.67 85.39] 55.8 12.34
15fP1 G2 R3 $2 T2 U2 X1 Y1 8 5,200 1.34] 12 86.78] 59.55 11.43
16fP1 Q4 R1 S2 T2 V2 Wi X1 Y1 9 4,987 1.280 19.25 87.8| 60.34 11.98
171 04 R1 X1 Y1 5 4,602 1.18] 0 79.17| 45.78 10.66
18JP1 04 R2 $2 T2 U2 X1 Y1 8 4,494 1.15| 14.33 85.83| 59.64 10.52
191 R2S2T2 V2 Wi X1 VI 8 4,384 1.13] 14 87.17| 64.76 12.63
20JP1 02 R2 2 T2 U2 X1 Y1 8 4,231 1.09] 17.5 86.94] 62.56 11.23
2fP1 04 s2T2 V2 W1 X1 Y1 8 4,075 1.05| 4.5 86 94| 60.35 13.56
22JP1 06 R1 2 T2 U2 X1 Y1 8 3,692 0.95| 18.25 85.39] 55.83 11.54
23fP1 04 RT S2T2U2V2 X1 Y1 8 3,640 0.94] 16.77 85.5| 55.56 11.06
24fP1 02 R1 S2 T2 V2 Wi X1 Y1 9 3,560 0.91] 11.7 86.8] 60.59 12.74
95 $2 T2 Wi X1 Y1 9 3,511 0.9 1.5 77.75| 39.56 11.7
26lP1 $2 X1 Y1 5 3,371 0.87] 8.33 76| 37.59 10.44
27§P1 S2 T2 W1 X1 Y1 6 3,287 0.844 7.5 7517} 43.12 11.42
wlPt RIS2T2U2V2 X1 Y 8 3,227 0.83] 15.5 85 78| 57.48 12.47
29 272 V2 X1 Y1 5 3,225 0.83 575 81.5] 42.21 12.56
solP1 2 R X1 Y1 5 2.826 0.73] 8 78.83] 48.50 11.44

B0t 2] 1. 25 | 389,235 100] 0 88 22] 52.95 14 11

BB NZ v (BifR4389,235 )
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REPREHONTWD Z &L, TIA IR GH
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HER KRN S DD TH S,

#6121k, EaBE®ELE (fullinformation
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maximum likelihood, FIML; Arbuckle, 1996; Bock,
Gibbons & Muraki, 1994; Muraki & Carlson, 1995;
EE D, 2006) 12X 5 - 580 - FHBEE 2R L
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PR IE, TEREE GEMLARR) | TEREY ) TERRE

DIEE) « 538 - ARG -, 2o EMBE Lok
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A practice of peer assessment on paper based reports
using peer assessment support system

Yasuhiro FUITHARA'  Kenta NISHIKUBO' and Keizo NAGAOKA'*

T Iwate Prefectural University 152-52 Takizawa-sugo, Takizawa-mura, Iwate, 020-0193 Japan
I Waseda University 2-579-15 Mikajima Tokorozawa-shi, Saitama, 359-1192 Japan
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Abstract Peer assessment is well known as the effective evaluation way for project based learning, group work and so on.
We practiced peer assessment for formative evaluation in a university class. In the case of using peer assessment support
system, the evaluation objects are mostly electronic files. It is often hard to read reports on screen. We used peer assessment
support system on paper based report. As a result of the practice, it was found that the learners felt peer assessment effective.

Keyword peer assessment, educational evaluation, peer assessment support system, educational practice
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