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AEGIS: an Automatic Exercise Generating System That Dynamically
Evaluates both Students’ and Questions’ Levels

Akira SUGANUMA, Tsunenori MINE, and Takayoshi SHOUDAI
Graduate School of Information Science and Electrical Engineering
Kyushu University

Popularization of computers and the Internet enable us to hold lectures using Web contents as a teaching
material and even develop new lecture methods using the technologies. Although teachers have prepared
a lot of Web contents, most of them are utilized so as only to be browsed by students. If we arrange
some exercises according to lecture notes and prepare an answering mechanism for the exercises via
the Internet, every student can attempt the exercises any time. This paper proposes an Web-based self
teaching system: AEGIS (Automatic Exercise Generator based on the Intelligence of Student) that gen-
erates exercises of various difficulty levels according to each student’s achievement level, marks his/her
answers and returns them to him/her. Once the documents are marked up with tags by teachers to specify
the positions of questions, AEGIS can generate three question types: multiple-choice question, fill-the-
gap question, and error-correcting question from the same tagged document. It is very important for
AEGIS to estimate both an achievement level of each student and an difficulty level of each question.
AEGIS dynamically evaluates these levels. In this paper, we discuss the design of the tags for AEGIS,
the re-estimation of the levels and generating method of AEGIS.
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(QUESTION SUBJECT="W_S") question region/QUESTION)
W_S == word or symbol, where a backslash fnust be added just before the symbol if it
is a comma(,), double quotes(”), or a backslash(

(DEL CAND="CANDIDATE"” LEVEL="PAIR” GROUP="ID" REF="ID") hidden region(/DEL)

CANDIDATE = W_S|W_S'’ CANDIDATE
W_S := word or symbol, where a backslash fhust be added just before the symbol if it
is a comma (,), double quotes (”), or a backslagh (
PAIR = LOW ' HIGH
LOW = aninteger between 1 and 10
HIGH = aninteger between 1 and 10
ID = keyword
(LABEL NAME="ID" ) sentence$/LABEL)
ID = keyword

(CONCEPT) keyword ({CONCEPT)

O 2: Definition of tags for exercise generation
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0 3: DTD of the tags defined for AEGIS

U0:00000000000000000

> (gj — sig—1)0i
) JEQ

Sit—1 + Z 5i7j

JEQ
Sit =
[it > 61 # 0]
JEQ
Sit—1 [otherwis%

ODo000oQOO0O0OO0O0OoOooooooD (OO
0300000)0000¢;,,0000¢t0000
00,;,000000000000,0000¢0
oodooo s, 0oguooodgoood
Oooooooood-0000000 s;4-1
goooboobooobooboboboobotl
goboboobooboogooboboobooboog
gbhoboobobooboobobooboaooan

goboobooooboobooboobog
gbobooooobooboooo1boaoo
goog

gobooboobooobooooobooooo
gboboobooobobobooooboan
gboobobooooboboboobon
OoooooobooooouooOgUAEGIS
gboobooobobooboobooboooon
gbobooboooboboboobooobob
O00¢,;0000000000000000
gbobobooboooooboobobooboan
oobobboOogugboAEGISODOOODODOOO
gboboobooboboboobooban
00000000000000 (gj,¢ —sit—1) 0
Oobooobs;;d0o0obooobooood
gbobobobobaoouooooboban
OOOOOOAEGISODODOODODODO

0280


研究会Temp 
－28－


000000000000000000000
00000000000 (g —sig1) 000
00000s,00000000000000C
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
D00D00AEGISODO0DOOO0DOOOC
0000000D0D00D00000000000
0000000000
AEGISOODO000D00000D00000
00000000000000000000
AEGISODD000D00D0DO0O0DDO0O
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
ooooo

32 00O000O0O00OOD

gboboobooboboboonoooooon
gbhboboboooobobbobooooon
OO00Oo0oOoocOoboOoboooOoboOAEGISO
Ooooooodooonbod DELO DO LEVEL
ooboobooooboooboooboog
gbooobobobooboobobooan
gboboobooooobobobooobogn
OUOOAEGISOUOUOLEVELODODOOOOO
gboboobooobooboboboobodan
gbobobooboboboboboooon
oon

Z(Sm - Qj,t—l)fi,j
oy €S
qj,t—1 Z €
icsS
qjt = )
[If Z&’j 75 O]
€S
qji—1 [otherwis%

Number of students who
answered Q; correctly

NW{
L Q-1 Mw
Mc

The achievement level
Ne or the difficulty level

New difficulty level of question Q
Number of students who
answered Q; wrongly

O 4: Renewing the difficulty level of a question
based on students’ achievement level

O0000SO000 (t—-1)00 00000 500
00000000000D0s,,0007(t-1<
r<t)00000000000000000&;
gooooooo o000 ¢, dadadad
oboobo-.0b0000000b0gobon
ooy0ddd g uuuaddaaaad
tgoooboooboobooobbo1gbooon
gooooboboboboob

AEGISOODOO00O0O0O0OOOOOOOOO
oobodob400b0bb0O00b0ob0bDobDoO
Oo0o00oooooooOooooooog @
o0)ooooooOo (oo)boboogoo
ODAEGISOODOODOODOOOOOODOO
goboobooobooooobooboobog
gbobooboooooobooboobooban
gbobooboooooobobboooon
gbgoobooboobobuooobooodan
gbobooboobobonoooooboboan
gobbobobooooboboboobon
gbogbooboooooboboboobon
gbobooobooooobobobooban
gbobooobooboobobooooon
gboboboobobobboboobon
gboobooboooboboboboobooboan
googobooboonoog

000000 (¢,,-1,00000000000
0000000000000200000000
¢+1 000 (t—1)000000 ;00000
000000000000000000000
000000000000000000000

0290


研究会Temp 
－29－


0000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000 MON.00000000000
0000 M,0 N,0OODODOOO 4000
00002000 (M, Ny) O (My,—N.) 00O
000000000000000000000
000000000000000 (M,.,0)00
(M,,0)000000 N,0O N, OOODOODO
000000000000000000000
000000000000000000000
oooo
00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000

33 D0OO00oOooooooooo

AEGISODODODDDDODOOOONOODOD
000000000 000000D000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000O00O

00000000000000000000
((TRVENODDOODDOO0ODDO0oOO0DDO
00000000000 0000000D000n
DDDo0o0oo0 (TRVEYgooooooo
000000000000000000000
D0D0D0000Dooo0oooogsTRUE) O
q(TRUE) 00oo0oos@RUE) O q(TRUE) 000
00000000000000000000
DDoooooDogsTRUE) O ¢(TRUE) g g QO
000000000000000000000
000000000 50900000 200
000000000000000000000n
0000000000000 00000000
0000000000000 00D0O00OAEGIS
O0DDD0D0DDO0OO0OOOAEGISOOOODDO
00000000000000000000
0000000000000 D00000AEGIS

gooooodoooooooooobooao
SABGIS) ((ABGIS) O

goOoloo0ooooodooooooogao
00 l1o000001A0000000000D000O
ododbooodOoloooooooooooa
dddooooi100oooooOoOoOoOoOn
oo

331 AEGISODOOOOUODODOD

lo0000000000000000OnO

Oooo0 30000 (s(TRVE) =8.0,5.0,2.0)
O0OO0O0OOAEGISODOOOODOOOOOO
00000000000 5-(0ooooon
O0O0O0o0oooo sAPCISg 1000000
00000000 300000000 1.000
00000000000 00000000O0O
000000000000 s00000000
ooooooooo sTRVE)gpooooon
ooooo

3.3.2 AEGISUOOO0OO0OOOOODOO

00000000000000000000
O0000000000000AEGISOOOO
01,0000 0000000000000000
000000000000 5-(b)0000000
Ooooo (sTRVE) —g0y00oooooo
D000000000oooooon (sMRVE) =
2000000000000000000000
0000000000 (0O000)000000
s(TRUE) — o 00000000000 (1.7,0.82)
D000sTRVE) — 5000000 (4.6,1.02)0
s(TRUE) —g 000000 (7.5,1.19) 00000
ODO0D0OO0ODOAEGISODOOOODOOO0
sTRUE) 00000000 00000000

3.33 AEGISOOOOODOOOODOO

AEGISOOODODDODOODODOOOOOOO
00000000000 0000000000
AEGISODODODDO0O0O0OO0OOOODDOO
000000000000 00000000O0
00000 5-(c) 0000000000000
Doooooooooon ¢TRUE)goooo
OO0 AEGISODODOD0OOOODOOO ¢AEGS)
D0000000D000000o0000D00D
AEGISOOO0D0O0O0O0DODODODODOD
0000000000000 000000000

0 300


研究会Temp 
－30－


9 S(TRUE) = 80 """""""""""
3 o[
3 7 7
g ° / STUE =5 0
§ °[J T
g 4T
E 3 !'l (TRUE) _
< 2 I S =2.0

i

0

0 50 100 150 200

Number of re-estimations

(a) Variance of the achievement level

® 10 - =
O] ] -+
w 9 [ @O o o H
< o o#
> 8 ey +
o o + o
© 7 #ﬁ g
Q o
ES‘ 6 [Shte) ° [s) -W'ﬁ#
£ B 0 #4
Z 5 s il
el [ .
© 4 s ° Inital ©
] R S ) [ )
> 3 #WO ~-4 | Final +
e b hel o
> 2 el
= o o o o
=1 o 4 R .0
L_) l 46’ o B i o)
E E o o o i
= e D b 9
o o

0 1 2 3 4 5 6 7 8 910
Inherent difficulty level

(c) Distribution of the difficulty level estimated by AEGIS

0.1 T
0.08 sl“*ua =8.01 1
S(TRUE)=2.O
£ 006 [ §™9 =50 )
2 J iy
Q s
o Al 1] iy
g 004 ’ oA, ]
o AW
0.02 ot '_I r
LIJ I| ']jj_l_ I'I.r'
0 a Fain L
0o 1 2 3 4 5 6 7 8 9 10
Difficulty level of the given question
(b) Distribution of the given questions
9 q(TRUE)=‘8lO
e
g Z \ I (TRUE) — £ q
ERA AV Y O e
3 J T - T E
s sl
o 3 "‘I q(TRUE):Z.O ,,,,,,,,,, i
2 ¢
1
0
0 20 40 60 80 100

Number of re-estimations

(d) Variance of the difficulty level estimated by AEGIS

O 5: Results of the evaluation of AEGIS
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