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Student Behavior Modeling and Learning
Using Bayesian Networks from Questionnaires

Ke1 Hara,t*! Kenicar TakanAsHIT!
and HIROAKI UEDAT!

The Bayesian network is a probabilistic model that represents dependency
among random variables by a network. Statistical learning to build a student
model and statistical inference using the model have a wide field of applica-
tions. In this study, first, we carry out a questionnaire to students who attend
a class at our university. Next, we construct a student behavior model using the
questionnaire items as random variables. Then, we perform some experiments
of probability inference for this model to specify the relation of achievements
of students with student’s behavior, learning attitude and teacher’s teaching
method.
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Fig.1 An example of a Bayesian network and CPT.
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Table 1 Details of lectures.

RE4 | S ;‘zi ey | | Ak
2001 2001 28
Ll B | LA | 2002 2002 40
2003 2003 63
L o | 2ma 2002 2001 53
2003 2002 47
2001 1999 49
L3 | 344 | 2002 2000 50
2003 2001 49

00o0oooooog Vol 51 No. 4 1215-1226 (Apr. 2010)

goooboboooomoooboo@moooooboob 3oboboooooobooDbon
goooo 20000
ooooooboobooooooooobooooooobooOobobOO0omooboOoomooboOooo
obmoobbooobomoooboooboooo@mooooooooo 100000
goooboobooooooooooooooooooobooooboobooOoooooOoDoo
O0000MOO00OD0000 yestDOOOOODODDODOODO neitherMOOO0OOOOOO

oobooooodoobouobobonobbOO0O 30000C0OOCOODOODOOOOOOO

oooooooo

3.1.2 0O0O0O0OO
gboooooboooooooobooooOooobooOoOoOooooOoOobOboOoOOobOboOoDo
OO0 1wo00000008 0000 AO700O0OO BoeoOOODO cosoODOO D
gboooobooooobooooooooboooobobooobOoobOoOooOoooOoDo
800000 A0D60DDOO 80O D DO BCOGOODODOOD DOOO300000O0DOOOO
ooboooooooo3oooon
gooooooooooooboooobooboooooobooboooobooboOooobono 30
goooobooooooooooooooobooooooboooooooboooooDboboboo
oooo

3.1.3 ODUO0ODOOO0OO
goooooooooboboboOooooooooooobobooooDbDbbbboboOoooo 3
goooooobooobooobo sooooooobooooooobooooboboOoboobOoDOo
looooooooobooooL@mL20o0o0oo0o0o0o0o0o000000000 2001
oo200200000000000000000000000000 220000000
ooooooo

3.2 0DO0OOOOOOOO

gbobodooooboooooooobob 2000000000000 O0OOO0O0OIODOOOn

ooooocooobooboooooooooOoboOoOobOboOoOooboOoOoOo3uobboOoobooooon

gobooobooobobooobooooboooboooOobooboboobOoUobbO 200000000
l0700000b000bo0ooooboooooobo0obooOo0oobOOoOoboboOonooo
sl mibobcuoonoooooooobooboooooooooboOo so2roboobooooo
goboooooboboobobooooooooooooomuooobooomooooomo
goobooboooooooobooooobooobOoOooboOooooobooooooooOoDoo

(© 2010 Information Processing Society of Japan



1218 ODO0OO0OO0OO0OO0OO0OO0OO0O0O0OOOOCOOOO0OO00O0O0OOOOCOOOO0OOO0O0OOOOO

02 0000000

Table 2 Items of the questionnaire.
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Table 3 The distribution of the grades.
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2003 10 21 18
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Fig.2 A student behavior model for lecturing by a teacher.
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Fig.3 A result of probability inference.
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Table 4 The accuracy for test data.
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Table 5 Extracted items of a questionnaire.
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Table 6 The accuracy of student models.
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Table 7 The accuracy for test data given to a general model.
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Fig.4 A general student behavior model.
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Fig.5 A result of inference from review to grade.

21. 8%
0.5
0.4
0.3
0.2 }(
0.1
0 . .
yes neither no
FEAR [—e— HERR BT —W—A —A—BC —K-D

0e 00DOOOOODOOOOOOODOO
Fig.6 A result of inference from grade to review.
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Fig. 7 A result of inference from Answering_Questions to Relation_with_Other_Lectures.

gobooooooooooooooooobooooooooooOoooooooooooDon
gobooooobooooooooooobOoobooOoooboooooOooOooooooDn

gobobooooooobooooooooooooboooboooboooobooOooooo

o 0000000 DOOODOODLOOOODOOODOOOD

e JOOODODOO
0200000000000000O0O000O0COOOOOOOOOOOOOOOODOOO
cooboooooooobooOoOoOoOoooooooOoOOOOObOOObOOOObObOODOOO
oooooooooooooooooo

5.3.2 O0OO0OOOOOOOOO

oooooo40000000000O0O00O0OOODOOOODODOOODOOODOOO
5310000000000 000O0OOOO000OUbOOOCOOOODOOOOmMbOOn
gboooboooobodooooboooobooooboOmooooobooooooobooobo
oboooboooboooooobooOoOo0OoOO0oOO0ObOO0o@mobobooboboOooboo 20
obooooboooobooooodooobobooobOoobooooboboOooooOoOoOoooDo
000000000000 yesOneitherOnoOOOOOOOOOCOOO0O0O00000O0O0O
oo

000040000000000000000000 yesdneitherDnoOOOO0O0O0O0O
ooooboooooboooooooooboooooyoobooo Toooooocoooooon
gooboooooobooooooboooooobooooooooooooooooooDooo

(© 2010 Information Processing Society of Japan



1224 0O00O0O0OOOOOOCOOOOOCOOOOOOOOOOOOCOOOOOOOOOO

O000000DO00O0yesOneitherOno 0000000000000 0O0O0O0ODOOOO
gobodobooooooooooooooooogoood
or700@moooOoOOo0O0o0oO0o0ooO0oooooOobOO0O0 noOOOOOOOOmMOOO
goooooooooooboooooboboooooboooob yesOOOdooooOOd
gooooboooooooooboobooooobooOoboOoooboobooOoboOoOooboOoooobooboo
goboooooooboooooobooooobobooooa
gbobooooobooobooooooobooooooono
HoooOoooOooOooo0ooUooUoUOooU0ooooUoooooUoUooUomOo
gobooooboobooobooomooboooooboooooboboooobooooboooOooDooo
U00COno0OO000O0O00MMOOOCOO0ODOOOO0yyesOOOOOOOOOOOMODOO
gobooobbodyesOOOOoOOOO0OMMODOOOOOOOO0ODO yesOOOooooOGO
oooooon
2000000000000 00000 000000 0ODOULD0DODULIODDODO
oooooooooooobooOoooooooobobono0oooooomoooOoOoDOOO
Ono00000O0O0O0O0O0DOMODOOOODOCOCOOOOOOODOCOOODOOOOOOOO
gooboooooomuoobooobooooooooboddyesoogobooO0omoOO
gobo0d0yesOO0OOOODOOOOOODDO
ooooooboooboooooooooooOObOObObOObOOObODOOOOobOboOODO
ocooooooooooobooobObOOOoO0oOoOoobobooObOOObOOoOoOoooboooOoon
oooobooooooooobooboooooobooooOoooooobooOoOobDbOOoOoOoOoobooo
gooobooooooooooboooooooooboboooooooboOoooooooa
gobooooooooooboooooooood
54 OD0O0OO0OOOOOOOOOOO
oo0ooooLiboooo0o00oL20 L300o0O0O0O0O0OO0O0O00O0OO0O0O000000
gobooooooooboooboboOoobooobooOoooboboOoooo
gobooooooooOoooooOoOobOOo0oobomoooOoOoOoboOoOoobooOoOoOoobboo
gboboooboobooooOonodooooooooboobooobooboooobo 30onbo
goboboooooooooobobooooboooooboboooosuomooooooooo
0000000o0o0o0ooOooOobDOoUDUOUOUO 8(h)ODOULOUOODOOOOO
gobomooboooooooooboooobooooooooooobooooboooooooo
goooooooooooboooooo9otmoboooobooooboboooooonoo

00o0oooooog Vol 51 No. 4 1215-1226 (Apr. 2010)

9. i L DR
0.7 0.6
0.6 0.5
o0 M 0.4
0.4 0.3
0.3 ’
0.2
0.2 iﬂ N

0.1 0.1

9. L3 & O

yes neither no yes neither no

Al [ Hes -4 —BC —<D A |- Rdi A —ABC <D

(a) TEHARFHET NV (b) #ERBRET L
08 0o0O00000oOooOO0o0oo0ooOoo0oOooooOoboooooono
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Fig.9 A result of inference from grade to review.

000000000 9()ooooOoUOUOUOOO0UOO0DbOOoUDOULOUDOODOOoOOOO
goooooooooooooobooooooboooooboooboOoooboooooooboo
gooobooooooooobooooooooboooOooooooooobooboOooooobooboo

(© 2010 Information Processing Society of Japan




1225 0O0O0O0OO0OO0O0OO0O0O0O0OOOOOOO0OO00O0O0O0OOOOOO0OO0O0O0O0O0OO0O

goooobooooooobooooobooboooooobooooobobooooooboooDboOo
gooooooooooooooooobobooooobbooooooDbboooooDoo
gobodooooboooooboooooooooboao

goboobooodoooooooooboooobooboOoooobooooooboooOoooboo
gboboobooooboooodoboooooboooooboooooboooooooooDo
goboooooooboobodooooooobooooOoooooboooobooOoooOooboOoOoooaoo
gooooboooooooooooooobooooOoooobooocbOoboobooooooDooo
goooooboooooooo

6. 0 OO0

goooooooooooooooooooOoooOoobooooooOobocobooooooboo
gooooooooooooooboooobooooooobobooooooboooOooooobooo
gobooooooobooooobooooooobooobOoOooooobooooobooboboOon 2
gooooooooooooooobooooooOoooobooooooooooooDbonbo
oooooooooooooooooboooooboOooOoboOoOooooooooDbOObbooOoo
gooooooooooooobooooooboooboooooooooooboooooDooboo
gobooooooooooooooooboooobooooboooooobooobobooo
o0 oOoobooobooOoboboooboboOoooboooo08bbOobobboOobOO

g o 0 0o

1) 000000000000000000000 FDOOOOOOO000O (1999).

2) 0000000000000000000000000 (2007).

3) 00000000000000000000000000000000No.13, pp.73-87
(2007).

4 0000000000000000000000 00000000000000
0000000000000-0000000000000000000Vol.11, No.2,
pp.99-102 (1989).

5) 000000000000 0000000000000000000000000
00000000000000000000000000000M0No.48, pp.121-130
(1999).

6) 0000000000000000000000000—000000000000
00000000000000000No.38, pp.35-47 (2002).

7y 00 00000000O0O000O0000000O0000000000000000

00o0oooooog Vol 51 No. 4 1215-1226 (Apr. 2010)

000000000000000Vol.23, No.2, pp.152-159 (2001).

8) bO0UO00ODLOoOODOOcCSUOULoOoULUOoUOoUUOooOoUOoLDOoOooOoooOOO
000000000000 000000000O0UdNo.10, pp.21-32 (2004).

990 000000000000 O0O0O00O00OOD0OUODODOODOO0OOOOOO
J0d0do0OoOoObOO0O0 ¥BooOooooooOoOoOooooooboooooooooo
pp.41-44 (2008).

10) Bouckaert, R.R.: Bayesian Network Classifiers in Weka for Version 3-5-6, Uni-
versity of Waikato (2007).

11) Kadie, C.M., Hovel, D. and Horvitz, E.: A Component-Centric Toolkit for Model-
ing and Inference with Bayesian Networks (2001).

12) Duan, S. and Babu, S.: Processing Forecasting Queries, Proc. 2007 Intl. Conf. on
Very Large Data Bases, pp.711-722 (2007).

(0021030 18000)

(0022010 8 000)

O oo

o0 oooooooooooboooooooooboooboooooon
21000000000000C0O0O0OD0OO0OO00000000OONECOODO
goooobooooooooboooboOo0o0ooooooobooooooDboD
good

oo oooodgoo

oo s2000000000000000000O0O00O0bK400000
goboobooboooooobooooooooobooooooobooobooon
ubooobdbebOdObOO0OUOOODOOOOOODOOODOOOODOO

‘ ‘ gobooooooobooobooobooobooobooooboobooooobooo

OO0OO0O0OO0OOO0OIEEEOOOO

(© 2010 Information Processing Society of Japan



1226 0O00OO0OOOO0OOOOCOOOOOOCOOOOOOOOOOOCOOOOOOOOOO

oo Oooooooo

oo2000000000000000DOO0O0O0O040000000
ooooooooooooboobooryoooboObOOOOoOoobobooOoOoOO
gobooodooooobooooooooooooboboooooboooOotm
oooooooooOooOOOOO0OO0O00O00OOOODOOO0OO0OO0O00OIEEEDO
oo

00o0oooooog Vol 51 No. 4 1215-1226 (Apr. 2010) (© 2010 Information Processing Society of Japan



