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Fuzzy Item Relational Structure Analysis for
Evaluation of Students by Performance Scores

Konki Itout and Azuma Onucarft

It is important that a teacher gets full information about students’ performance for the
sake of an improvement of his instruction. In many cases, the teacher can obtain such in-
formation as a response of students to test items. The score of the test items does not ex-
actly agree with the order of the difficulty of them. By analyzing for response of students
to test items, the teacher can improve the order to teach learning tasks and understand var-
ious characteristics about a group of students. Our methood bases evaluation of students
on their multistage performance scores. By using the method, the teacher can obtain a
fuzzy order relation R of every student on the set of test items. Furthermore, the method
determines clusters composed of students with the same characteristic by means of a fuzzy
clustering technique and can obtain a fuzzy relationship of each cluster. The latter part of
this paper describes the result of using the method in learning LISP language as an appli-
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Table 2 Truth table.
Pattern P Q P=Q
(1) 1 1 1
(2) 1 0 0
(3) 0 1 1
(4) 0 0 1

£ 3 Godel 07 7 V4 HEBEMIC KB EBEER
Table 3 Truth table based on Gédel’s fuzzy
implication function.
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sy [0.75 075 050 020 1.00 0.80 0.33 1.00
s; | 1.00 1.00 1.00 1.00 1.00 0.80 1.00 1.00
sy | 1.00 1.00 0.50 1.00 0.80 0.00 1.00 1.00
s | 0.75 050 1.00 1.00 0.80 0.80 1.00 1.00
ss | 1.00 0.75 0.00 1.00 1.00 1.00 1.00 1.00
ss | 0.75 1.00 0.50 0.00 0.80 0.00 0.33 0.00
s | 1.00 0.75 0.00 0.00 0.80 0.00 0.00 0.00
ss | 1.00 1.00 1.00 0.20 1.00 0.00 0.33 0.00
so | 075 0.75 050 1.00 0.00 0.00 1.00 1.00
s30 | 1.00 1.00 1.00 0.0 1.00 1.00 1.00 1.00
s | 075 075 1.00 1.00 0.80 0.80 0.33 0.00
s12 | 1.00 0.25 1.00 1.00 0.80 0.80 1.00 1.00
s13 | 1.00 1.00 0.50 0.80 0.80 0.80 1.00 1.00
s4 | 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00
s5 | 1.00 1.00 1.00 1.00 0.60 0.80 1.00 1.00
s | 075 1.00 050 1.00 1.00 1.00 1.00 1.00
si7 | 1.00 0.75 0.50 1.00 1.00 0.80 0.66 1.00
s1s | 1.00 0.25 1.00 0.80 0.80 1.00 1.00 1.00 ]

B 1 B87—2T5E
Fig. 1 Performance score matrix E.

1 I i3 ty 15 1 t7 18

¢ [ 1.00 1.00 0.50 0.20 1.00 1.00 0.33 1.00

t, | 1.00 1.00 0.50 0.20 1.00 1.00 0.33 1.00

t3 | 1.00 1.00 1.00 0.20 1.00 1.00 0.33 1.00

Ry = 4 { 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ts | 0.75 0.75 0.50 0.20 1.00 0.80 0.33 1.00

t | 0.75 0.75 0.50 0.20 1.00 1.00 0.33 1.00

iz | 1.00 1.00 1.00 0.20 1.00 1.00 1.00 1.00

tg | 0.75 075 0.50 0.20 1.00 0.80 0.33 1.00

2 754 BURFRGTH K

Fig. 2 Fuzzy pseudo-ordering relation Ri.

May 1994

WIT, Re %3 &1 Gitman O€— FEREICLD
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P IFTRE—CER I FRE—ERETET7 V48
JEEBEETT G, # kDDA E3~61cET.
NoDfFFFIEVE 7Y a v 57 TERBELEODREZ
hZnBR®T~10icE3. BT, V8 rvavss57
ZEZNEN CL, Co, Cs, Cs &5 Mo S5 TH
FN/EHMIEBRAD , — POV 4 7 vEFERL TY
BZERELTVS,. ki, 75 V4 BIEFETHNE Y

KA I5RE—~D st ONE
Table 4 Assignment of s& to cluster.

C St Ss S13 S14 Ste S17
C. S Su Si2 S1s

Cs S2 S3 Sy S1o S1s

Cy S S Sg

oty t3 ty i s lr g
t; [1.00 075 0.00 0.20 0.80 0.80 0.33 1.00
t; | 1.00 1.00 0.00 0.20 0.80 0.80 0.33 1.00
t3 | 1.00 1.00 1.00 0.20 1.00 1.00 0.33 1.00
1.00 0.75 0.00 1.00 1.00 0.80 0.66 1.00
t; | 0.75 0.75 0.00 0.20 1.00 0.80 0.33 1.00
ts | 0.75 0.75 0.00 0.20 1.00 1.00 0.33 1.00
t; | 1.00 0.75 0.00 0.20 0.80 0.80 1.00 1.00
ts [ 0.75 0.75 0.00 0.20 0.80 0.0 0.33 1.00

3 7y V4 BERBRTH G
Fig. 3 Fuzzy pseudo-ordering relation Gi.

&
i
=

1 ty t3 iy ts te tr tg

t, [ 1.00 0.25 1.00 0.80 0.80 0.80 0.33 0.00

t; | 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.00

t3 | 0.75 0.25 1.00 0.80 0.80 0.80 0.33 0.00

Gz= t4 | 0.75 025 1.00 1.00 0.80 0.80 0.33 0.00
ts | 0.75 0.25 1.00 1.00 1.00 1.00 0.33 0.00

t¢ | 0.75 0.25 1.00 0.80 0.80 1.00 0.33 0.00

tz | 0.75 025 1.00 0.80 0.80 0.80 1.00 0.00

ts | 0.75 0.25 1.00 0.80 0.80 0.80 1.00 1.00

4 77 U BIEFBRTE G,

Fig. 4 Fuzzy pseudo-ordering relation G..

t1 12 i3 14 13 te tr ts

ty [ 1.00 1.00 0.50 0.80 0.00 0.00 1.00 1.00

t, | 1.00 1.00 0.50 0.80 0.00 0.00 1.00 1.00

t3 | 1.00 1.00 1.00 0.80 0.00 0.00 1.00 1.00

Ga= t4 | 075 0.75 0.50 1.00 0.00 0.00 1.00 1.00
ts | 1.00 1.00 0.50 0.80 1.00 0.00 1.00 1.00

t¢ | 1.00 1.00 1.00 0.80 0.60 1.00 1.00 1.00

ty | 0.75 0.75 0.50 0.80 0.00 0.00 1.00 1.00

tg [ 0.75 0.75 0.50 0.80 0.00 0.00 1.00 1.00

B5 7794 SUEFBERAS G

Fig. 5 Fuzzy pseudo-ordering relation Gi.
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t 12 i3 fs ts te iz is

t; [ 1.00 0.75 0.00 0.00 0.80 0.00 0.00 0.00 @

t, | 0.75 1.00 0.00 0.00 0.80 0.00 0.00 0.00

t3 | 1.00 1.00 1.00 0.00 1.00 0.00 0.33 0.00

Gy= t; | 1.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 @
is | 0.75 0.75 0.00 0.00 1.00 0.00 0.33 0.00
1 | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00"
# | 1.00 1.00 1.00 0.00 1.00 0.00 1.00 0.00

ts [ 1.00 1.000 1.00 1.00 1.00 1.00 1.00 1.00 Q

B 6 7y BIEFBERTH G

Fig. 6 Fuzzy pseudo-ordering relation G..
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Fig. 10 A reduction graph (Ci).
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Fig. 7 A reduction graph (Ci).
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Fig. 11 Relative characteristic of test items (Ci).
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Fig. 8 A reduction graph (Cs). e
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Fig. 9 A reduction graph (Cs). Fig. 12 Relative characteristic of test items (C:).
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BRELLTVRZEBHIENG, ULbL, C T
BT A¥EER b, 85, te 2B F A VEHOERA
MBEERBEELTWDE, ETH5.

B 11~141% Ci, Co Cs Cs BT/ —FOA
K EBREAZNENEHEL 2R T E LICE
J—F%EFuy bLESDOTHS. NPoBAE TR

HRE
0

1
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AKEL
X 13 72 bHBOHEMNERE (C)

Fig. 13 Relative characteristic of test items (Cs).

R
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3

AUE

K 14 72 FHEOMEMEE (C)
Fig. 14 Relative characteristic of test items (C.).

3 1 i3 iy is g iz tg

t; | 1.00 } 0.81 | 0.67 | 0.77 | 0.83 | 0.63 | 0.78 | 0.78
i3 | 1.00 | 1.00 | 0.67 | 0.77 | 1.00 | 0.63 { 0.78 | 0.78
t3 | 1.00 | 1.00 | 1.00 | 1.00 { 1.00 | 0.63 | 1.00 | 1.00
t4 | 1.00 | 1.00 | 0.67 | 1.00 { 1.00 | 0.63 | 1.00 { 1.00
s [ 1.00 ] 0.81 { 0.67 | 0.77 | 1.00 | 0.63 } 0.78 | 0.78
¢ | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
t; | 1.00 | 1.00 } 0.67 | 0.77 | 1.00 | 0.63 | 1.00 | 1.00

g | 1.00 | 1.00 | 0.67 | 0.77 | 1.00 | 0.63 | 1.00 | 1.00

15 7 7V 4 BUAFRETIA
Fig. 15 Fuzzy pseudo-ordering relation A.
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MEHA, $RENOEBICHIBFRZDF R MH
BESZEL TS, ChiERD L, BBkZ2 G R
BT A PEE, C: BHIBHLORBHLT R

VEESENENRS. Ci BESH» OEBHIL T
2 MEHD S ISHANS ORENS T X PEENEER
HHCHA T B ONb» 5. Cs i o OhiElE
BEE-THBELOICEbNS.

T, FEEOLRNBERAET 7 » ¥« BIEF
BERIFIAZBRISIC, 2D VE Y a vy 7 7RE
PRIBICET. &/ —FOoR¥EERSE (A1),
Cs DA LERCHRENL >ERNIE T 2 FIEE »
SIGHARILDRENE 7 A PIEEAN S ZITERICE
ATNE,

IRS ST L OREEFT >0, E ORBESEL &
VME 0.70 T2E/LL, ThEEIC IRS HH#fT-
7c. IRS 3t & FIRS HiC X > THBONEHR S 5
7 OREEERA (19RO D: BXU©@0) X0 D I

16 Vxrvavs77 (A)
Fig. 16 A reduction graph (A).
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Fig. 17 Relative characteristic of test items (A).
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Fig. 18 Normalized relative difference.
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Fig. 19 IRS graph.
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[1] UTOosKAEFMBLL & &, BTEEE
A k.
1) (null (dog cat))
(null ’moon)
(oull Q)
(null 213)

2) (atom ’(dog cat))
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(atom ’moon)
(atom ()
(atom 213)
3) (first (+ 3 8))
(first (+ 3 8))
(first *((+ 2 4) (+ 3 5)))
(first ((+ 2 4) (+ 3 5))

[2] ZBi%¥#%&ABE+-2EHRLT, VXA MOE
# (BE) 24 THAZE %9 588 *add 2HE
B ESRTERE . 72720, BYVXA MBEILNE
LEROAETHDLT B,

EFFH ¢ (xadd (6 3)) — 9

(¥add (2 5 3)) — 10
(xadd *()) — 0

[31 xO#fzked EE *abs & if ZHL
TEFEE L. AT cond ZHNTERE L.

[4] OEICEHEI N HEE funcl MH 5.
PUTO(1)~(4)OR VR P EFMEL & &, WHIL
BLIEEETOHEL L.

(defun funcl (x y)

(cond ((atom x) (eql x y))
((atom y) nil)
((funcl (first x) (first y))
(funcl (rest x) (rest y)))
(t nil)))
(1) (funcl 3 5)
(2) (funcl’(a bc)’(cb a))
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(3) (funcl (@b c)’(a b d)
(4) (funcl{(abcd)’(abcd)
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