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Abstract. T;2 EXAM )B)(2& ") % 5#&8.2(2 #+C."+2 2D%& (%E"+F 8#4(%.G T2%5;24)
%+0 )(/02+() %42 %))")(20 "+ (;2 H;#.2 84#52)) #9 %))2))&2+( (2)( '/".0"+F, 2D%&
(%E"+F, %+0 (2)( 5#4425("#+G O+2 #9 (;2 &#)( "+(242)("+F 92%(/42) #9 (;2 8#4(%. ")
(;2 8#))"'"."(B (# %/(#&%("5%..B F2+24%(2 %))2))&2+( (2)() '%)20 #+ /)24 02+20
5#+)(4%"+()G A (2%5;24 ") &%02 %'.2 (# '/".0 /8 %+ %))2))&2+( (2)( (2&8.%(2 /)"+F
% )"&8.2 H2'C'%)20 "+(249%52, %+0 (;2+ ;24 8429242+52) %42 (4%+).%(20 "+(# % .#F"5
2D25/(%'.2 )825"5%("#+G I+ (;") 8%824, H2 02)54"'2 (;2 %))2))&2+( (2)( F2+24%("#+
2+F"+2 #9 (;2 EXAM 8#4(%., (;2+ H2 .##E %( (;2 "+(24+%. %+0 9#4&%. )825"5%("#+
#9 (;2 84#'.2&G A '4"29 )B)(2& #$24$"2H ") F"$2+ %+0, 2$2+(/%..B, H2 0")5/))
%'#/( 42.%(20 H#4E)GJ

1 Introduction

O+."+2 2D%& (%E"+F )B)(2&) ;%$2 4252+(.B )22+ % '"F 84#."924%("#+ #+ (;2 H2' KLMG S/5;
)B)(2&) O)22 2GFG KP, Q, JR, JL, STUSRMV &22( (;2 +220) #9 '#(; "+0/)(4"2) %+0 (2%5;"+F
"+)("(/("#+) (# %))2)) (;2 .2%4+"+F .2$2. #9, 42)825("$2.B, 2&8.#B22) %+0 )(/02+()G A.C
(;#/F; (;") %)825( #9 (;2 2C.2%4+"+F 2.0 84#$2) (# '2 #9 F42%( "+(242)( 9#4 (;2 &%4E2(,
)2$24%. 42.%(20 "))/2) 02)24$2 &#42 "+C028(; )(/0BG ED8."5"( #4 "&8."5"( %))2))&2+( #9
(;2 .2%4+24 8.%B) % $24B "&8#4(%+( 4#.2 H;2+ (;2 .2%4+24 84#.2 ;%) (# '2 02(24&"+20
%+0 H;2+ % )825"5 /)24 .2%4+"+F 84#F4%&&2 ;%) (# '2 O)2&"V %/(#&%("5%..B F2+24%(20
KRM, KJQM, KJWMG T;2 %'#$2 5"(20 5#&&245"%. )B)(2&) %..#H (# %/(;#4 % 9/.. %))2))&2+(
(2)( (;4#/F; &%+/%. )2.25("#+ #9 )"+F.2 X/2)("#+) 94#& % F"$2+ 0%(%'%)2G T;") (%)E (/4+)
#/( (# '2 $24B %++#B"+F, 2)825"%..B "9 (;2 O/)/%..B ;/F2V F"$2+ X/2)("#+ 0%(%'%)2 5%++#(
'2 )2%45;20 "+ % )(4/5(/420 H%BG

3/4(;24&#42, H;2+ %))2))&2+( (2)() %42 (%E2+ "+ 5.%))4##&), "( ") #9(2+ +252))%4B (#
84#8#)2 % 0"99242+( (2)( (# 2%5; .2%4+24, E228"+F %+BH%B (;2 )%&2 0"95/.(B .2$2.G T;")
%$#"0) &/(/%. 5#..%'#4%("#+ '2(H22+ )(/02+()G 3#4 "+)(%+52, (;2 G4%0"%+52 )B)(2& KSTM
%..#H) (# F2+24%(2 )2( #9 (2)() 5#+(%"+"+F )."F;( $%4"%("#+) O2GFG "+ (;2 #4024 #9 8#))"'.2
%+)H24) 9#4 2%5; X/2)("#+VG

A+)H24 S2( P4#F4%&&"+F ") % F##0 5%+0"0%(2 (25;+#.#FB 9#4 %884#%5;"+F (;2 %'#$2
&2+("#+20 "))/2)G T;2 %0#8("#+ #9 %+ ASP )#.$24 2+F"+2 &%B %..#H (# X/"5E.B )825"9B
"+ % 9#4&%. H%B (;2 5#&'"+%(#4"%. 84#'.2& /+024.B"+F (;2 )B)(2&Y %.)#, (;2 #'(%"+20

J T;") H#4E ;%) '22+ 8%4("%..B 9/+020 'B (;2 EU 42)2%45; 84#Z25() ISTCSTTSCRR[PT OIN3OMIXV,
%+0 ISTCSTTJCRPTTW O]ASPV, %+0 'B 3]3 OA/)(4"%+ S5"2+52 3/+0)V /+024 (;2 84#Z25( ^A+C
)H24 S2( P4#F4%&&"+F 9#4 (;2 S2&%+("5 ]2'^ OPJPSJSCNTWVG



SQW G"#$%&'%((")(% I%++", C.%/0"# P%+2((%, %+0 34%+52)5# R"55%

)825"5%("#+) %42 2%)B (# '2 5#+F/420 %+0 &%+%F20, H;242%) 5#&8/(%("#+ ("&2) #9
5/442+( )#.$24) 5%+ '2 E28( 42%)#+%'.2G

I+0220, "+ 4252+( B2%4), (;2 %+)H24 )2( 84#F4%&&"+F OASPV 8%4%0"F& ;%) 2&24F20
%) %+ "&8#4(%+( (##. 9#4 025.%4%("$2 E+#H.20F2 42842)2+(%("#+ %+0 42%)#+"+FG T;") %8C
84#%5; ") 4##(20 "+ )2&%+("5 +#("#+) %+0 ") '%)20 #+ &2(;#0) (# 5#&8/(2 .#F"5%. &#0C
2.)G

O+2 #9 (;2 &%"+ 42%)#+) 9#4 (;2 "+542%)"+F 8#8/.%4"(B #9 '#(; (;2 %+)H24 )2( )2C
&%+("5) %) H2.. %) (;2 )(%'.2 &#02. )2&%+("5) ") "+ .%4F2 8%4( 0/2 (# (;2 %$%".%'"."(B #9
)#8;")("5%(20 )#.$24) 9#4 (;2)2 .%+F/%F2)G O+ (;2 #+2 ;%+0, (;2 )B)(2& DL̀ KJPM ") %
)(%(2C#9C(;2C%4( "&8.2&2+(%("#+ 9#4 (;2 %+)H24 )2( )2&%+("5), %+0, #+ (;2 #(;24 ;%+0, (;2
S&#02.) )B)(2& KJaM "&8.2&2+() (;2 )(%'.2 &#02. )2&%+("5)G

3/4(;24&#42, "+ $"2H #9 "() "+;242+( 2D842))"'"."(B, (;2 %+)H24 )2( )2&%+("5) ") %
)/"(%'.2 (##. (# )24$2 %) % ;#)( .%+F/%F2 9#4 5%8(/4"+F )825"%."b20 %0$%+520 42%)#+C
"+F (%)E)G C#+)2X/2+(.B, "+ %55#40%+52 (# (;2 F2+24%. &2(;#0#.#FB #9 (;2 %+)H24 )2(
84#F4%&&"+F 8%4%0"F&, ASP )#.$24) 5%+ '2 /)20 %) /+024.B"+F 42%)#+"+F 2+F"+2) 9#4
2$%./%("+F )/5; 020"5%(20 (%)E)G D"99242+( )/5; (%)E) ;%$2 '22+ "&8.2&2+(20, 2GFG, #+
(#8 #9 (;2 DL̀ )B)(2&G I+ 8%4("5/.%4, DL̀ 84#$"02) 94#+(C2+0) 9#4 8.%++"+F KJJM %+0
0"%F+#)("5 42%)#+"+F KJTM, %) H2.. %) 5#&8/("+F (;2 )2&%+("5) #9 /80%(2) #9 +#+&#+#C
(#+"5 E+#H.20F2 '%)2) 42842)2+(20 %) .#F"5 84#F4%&) KJSM, #4 (;2 )2&%+("5) #9 "+;24"C
(%+52 84#F4%&) KWMG 3/4(;24&#42, (;2 8.8 94#+(C2+0 KaM (# DL̀ %..#H) (;2 5#&8/(%("#+
#9 0"99242+( 8429242+52 %884#%5;2) /+024 (;2 %+)H24 )2( )2&%+("5), %+0 2D(2+)"#+) #9
(;2 5#42 DL̀ )B+(%D %..#H (;2 +%(/4%. 9#4&%."b%("#+ #9 #8("&"b%("#+ 84#'.2&), "+ (24&)
#9 (;2 )#C5%..20 H2%E 5#+)(4%"+() K[MG A )"&".%4 2D"'"."(B %+0 %88."5%'"."(B %88."2) (#
(;2 S&#02.) )B)(2& %) H2.., H;"5; 5%+ %.)# '2 /)20 %) % CccC."'4%4B 5%..20 94#& /)24
84#F4%&), #4 %) % )(%+0C%.#+2 84#F4%& (#F2(;24 H"(; )/"(%'.2 94#+(C2+0)G T;2 "+542%)"+F
"+(242)( "+ ASP ") %.)# 0#5/&2+(20 'B (;2 4252+( 2)(%'.");&2+( #9 (;2 ]#4E"+F G4#/8
#+ A+)H24 S2( P4#F4%&&"+F O]ASPV H;"5; ") )/88#4(20 'B (;2 E/4#82%+ C#&&"))"#+
OISTCSTTJCRPTTWVG

A.)#, (;2 DL̀ )B)(2& ;%) %.42%0B '22+ 2D8.#"(20 "+ KJM, H;242 H2 84#8#)20 % )B)C
(2& 5%8%'.2 #9 '/".0"+F, "+ % )2&"C%/(#&%("5 H%B, 824)#+%."b20 .2%4+"+F 8%(;)G

I+ (;") 8%824 H2 "+(4#0/52 % &#42 )#8;")("5%(20 %884#%5; "+ #4024 (# %0042)) (;2 (%)E
#9 '/".0"+F %+ %))2))&2+( (2)(G T;2 /)24 #9 (;2 EXAM 8#4(%. ") &%02 %'.2 (# F2+24%(2
F4#/8) #9 %))2))&2+( (2)() (;4#/F; (;2 02)"F+ #9 % (2)( (2&8.%(2G A+ %/(#&%("5 F2+24%C
("#+ 2+F"+2 ") (;2+ 4/+Y )/5; %+ 2+F"+2 5#&8/(2) %+0 #/(8/() (2)() 5#&8."%+( H"(; (;2
"+8/( (2&8.%(2G T;") Z#' ") 8249#4&20 2D(4%5("+F )/"(%'.2 "(2&) 94#& % F"$2+ X/2)("#+
0%(%'%)2G

I+ #4024 (# %5;"2$2 (;") F#%., (;2 "+(24+%. )B)(2& 92%(/42) )2$24%., )"F+"5%+( 5;%4%5C
(24")("5)d 4)( #9 %.., 2%5; X/2)("#+ 8/( "+ (;2 )B)(2& 0%(%'%)2 ") %++#(%(20 H"(; )2&%+C
("5 "+9#4&%("#+ 2D(2+0"+F (;2 IMSCeTI )825"5%("#+ 9#4 X/2)("#+ "(2&) KJ[MG S25#+0,
(2%5;24 02)"024%(% 5%+ '2 )825"20 (;4#/F; % $")/%. "+(249%52 %+0 (;2+ 5#+$24(20 "+
% 9#4&%. )825"5%("#+G S/5; 9#4&%., .#F"5, )825"5%("#+ ") 2D25/(%'.2 (;4#/F; (;2 DL̀
)B)(2& KJPMG T;2 #/(8/( #9 )/5; %+ 2D25/("#+ ") % )2( #9 5%+0"0%(2 %))2))&2+( (2)(), '/".(
(;4#/F; (;2 2D(4%5("#+ #9 "(2&) 94#& (;2 X/2)("#+ 0%(%'%)2G T;2 F2+24%(20 %))2))&2+()
%42 IMSCeTI )(%+0%40 %+0 9/..B "+(245;%+F2%'.2G
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Fig. 1. EXAM A45;"(25(/42G

T;2 )(4/5(/42 #9 (;2 8%824 ") %) 9#..#H)d H2 F"$2 % )B)(2& #$24$"2H "+ (;2 +2D(
)25("#+Y (;2+ "+ S25("#+ R "( ") 0")5/))20 (;2 42.%("#+);"8 '2(H22+ (;2 EXAM )B)(2&
%+0 (;2 IMSCeTI )(%+0%40Y S25("#+ W 0")5/))2) %'#/( (;2 "+(24+%. "&8.2&2+(%("#+ #9 (;2
A))2))&2+( G2+24%("#+ 2+F"+2, H;242%) S25("#+ [ 02)54"'2) (;2 A))2))&2+( A/(;#4"+F
"+(249%52G E$2+(/%..B H2 '4"2B 0")5/)) %'#/( 42.%(20 H#4E "+ S25("#+ L %+0 H2 04%H
5#+5./)"#+) "+ S25("#+ PG

2 System Overview

T;2 EXAM 8#4(%. ") % )B)(2& 5#+52"$20 "+ #4024 (# 2%)2 (;2 )(/02+( %))2))&2+( 84#52C
0/42, "+ %.. (;2 )(28) #9 (;2 5#442)8#+0"+F ."92C5B5.2, )/5; %) X/2)("#+ %+0 (2)( 20"("+F,
2D%& (%E"+F, %+0 #/(5#&2 2$%./%("#+G EXAM %0#8() (;2 IMSCeTI KJ[M )(%+0%40 %)
"+(24+%. "+9#4&%("#+ )(#4%F2 9#4&%(G

T;2 #$24%.. %45;"(25(/42 #9 EXAM ") );#H+ "+ 3"F/42 JG T;2 )B)(2& ") 5#+)("(/(20
#9 $2 0"99242+( &#0/.2)d

C C#/4)2 H%+0."+F M#0/.2Y
C I(2& A/(;#4"+F M#0/.2Y
C A))2))&2+( A/(;#4"+F M#0/.2Y
C ED%& T%E"+F M#0/.2Y
C R2)8#+)2 P4#52))"+F M#0/.2Y

T;2 C#/4)2 H%+0."+F M#0/.2 &%E2) %/(#&%("5 (;2 84%5("5%. #4F%+"b%("#+ #9 %+ %)C
)2))&2+( )2))"#+G I( %..#H) (# 542%(2 % +2H 5#/4)2, (# "+0"5( % +2H %))2))&2+( )2))"#+
9#4 % F"$2+ 5#/4)2, %+0 (# &%+%F2 )(/02+( '##E"+F %+0 F4#/8"+FY

T;2 &#0/.2 ") 5#+52"$20 9#4 ;%+0."+F .%4F2 %&#/+() #9 )(/02+()G ED%&) 5%+ '2
(%E2+ 2"(;24 "+ 5.%))4##&) #4 94#& (;2 H2'Y "+ (;2 9#4&24 5%)2 (;2 )B)(2& 92%(/42)
%/(#&%("5 (2)( %))"F+&2+(, %/(#&%("5 F4#/8"+F %+0 )2))"#+ ("&2(%'."+FG

T;2 I(2& A/(;#4"+F M#0/.2 &%E2 (;2 (2%5;24 %'.2 (# &%+%F2 % X/2)("#+ 0%(%'%)2
O% X/2)("#+ ") 5%..20 g"(2&^ "+ (;2 IMSCeTI )825"5%("#+VG I(2&) %42 '/".( 'B /)"+F
% )"&8.2 F4%8;"5%. "+(249%52G T;2 "+(249%52 )/88#4() (;2 &#)( 5#&&#+ IMSCeTI "(2&



SQL G"#$%&'%((")(% I%++", C.%/0"# P%+2((%, %+0 34%+52)5# R"55%

(B82) )/5; %) True/False, Multiple choice, Fill-in-Blank, Multiple Fill-in-Blank, Multi-
ple choice with Images, Standard with Text-Area, Order with imagesG

M#42#$24, (;2 &#0/.2 "&8.2&2+() % +#+ )(%+0%40 E"+0 #9 "(2& +%&20 ge/2)("#+
H"(; 3".2^G T2%5;24) 5%+ 2&'20 "+)"02 (;") E"+0 #9 "(2& % F2+24"5 .2 %+0 (;2 )(/02+(
5%+ /8.#%0 ;24 %+)H24 'B /)"+F % F2+24"5 .2 %) H2..G T;2 I(2& A/(;#4"+F M#0/.2 %.)#
"&8.2&2+() %+ "(2& $24)"#+"+F )B)(2&, %..#H"+F (2%5;24) (# /80%(2h42%44%+F2 X/2)("#+),
%+0 % )"&8.2 %552)) 8#."5B 5#+52"$20 "+ #4024 (# );%42 "(2&) %&#+F (2%5;24)G

T;2 A))2))&2+( A/(;#4"+F &#0/.2 ") (;2 EXAM 5#42 &#0/.2G T;") &#0/.2 ;%) %
F4%8;"5%. "+(249%52 (;%( %..#H) % (2%5;24 (# )825"9B %+ %))2))&2+( )5;2&%G A+ %))2))C
&2+( )5;2&% ") %+ %))2))&2+( )825"5%("#+ O"G2G %+ %))2))&2+( (2)( (2&8.%(2V, 5#+(%"+C
"+F 5#+)(4%"+() %'#/( (;2 X/%."(B %+0 X/%+("(B #9 "(2&) (# '2 8/( "+ % 5%+0"0%(2 (2)(G
G"$2+ %+ %))2))&2+( )5;2&%, (;2 A))2))&2+( B/".024 M#0/.2 F2+24%(2) %+ 2D25/(%'.2
)825"5%("#+ H4"((2+ "+ (;2 DL̀ .%+F/%F2 KJPMG T;2 2D25/("#+ #9 )/5; % )825"5%("#+
#/(8/() % )2( #9 %))2))&2+( (2)() 9/..."+F (;2 /)24 02)"024%(%G A (2%5;24 5%+ %.)# '/".0,
8%4("%..B #4 2+("42.B, %))2))&2+( (2)() H"(;#/( (%E"+F %0$%+(%F2 #9 (;2 %/(#&%("5 %))2))C
&2+( '/".0"+F 84#520/42G I+ (;") 5%)2 (;2 (2%5;24 &%+/%..B )2.25() "(2&) 'B ;24)2.9G
A))2))&2+() '/".( 'B (;2 A))2))&2+( A/(;#4"+F &#0/.2 %42 9/..B IMSCeTI 5#&8."%+(G
M#42#$24, (;2 A))2))&2+( A/(;#4"+F &#0/.2 "&8.2&2+() % $24)"#+"+F )B)(2& H;"5;
%..#H) % (2%5;24 (# /80%(2h42%44%+F2 842$"#/).B 02+20 %))2))&2+( )5;2&%)G

T;2 ED%& T%E"+F &#0/.2 %..#H) (# ;%+0.2 #+2 #4 &#42 %))2))&2+( )2))"#+)G T2%5;C
24) 5%+ 2+%'.2 )(/02+() #4 F4#/8) #9 )(/02+() (# )(%4( (;2"4 %))2))&2+( )2))"#+ %+0 %+)H24
X/2)("#+)G

A )2( #9 8#."5B 42)(4"5("#+) 5%+ '2 5/)(#&"b20 "+ #4024 (# 842$2+( /+%/(;#4"b20 %5C
52)) %+0 2)(%'."); (;2 %/(;#4 "02+("(Bd OIP .(24"+FV A )(/02+( 5%+ )(%4( %+ %))2))&2+(
)2))"#+ #+.B "9 "() &%5;"+2 ") 42F")(2420 "+ (;2 )B)(2&Y OIP '"+0"+FV A9(24 )(%4("+F %+
%))2))&2+( )2))"#+ % )(/02+( 5%++#( 5;%+F2 "() &%5;"+2 H"(;#/( (2%5;24 5#+)2+)/)Y
O3".(24"+FV T2%5;24) 5%+ 2+%'.2h0")%'.2 )(/02+( 5#++25("#+ (# (;2 )B)(2&G

T;2 .%)( &#0/.2 O(;2 R2)8#+)2 P4#52))"+F &#0/.2V, %..#H) (# 2$%./%(2 %+0 (# )(%(")C
("5%..B %+%.Bb2 g)(/02+() 42)8#+)2)^G T;2 R2)8#+)2 P4#52))"+F&#0/.2 8249#4&),H;2+C
2$24 "( ") 8#))"'.2, %+ %/(#&%("5 )5#4"+F #9 )(/02+( %+)H24) %+0 "( %..#H), (;4#/F; (;2
/)24 "+(249%52, (# 5;25E %+0 %))"F+ &%+/%..B (;2 42&%"+"+F )(/02+() )5#42)G T;2 )B)C
(2& 5%+ %/(#&%("5%..B 84#52)) %.&#)( 2$24B )(%+0%40 E"+0 #9 "(2&G 3#4 "+)(%+52 S(%+C
0%40 T4/2C3%.)2 #4 M/.("8.2CC;#"52 "(2&) %42 )5#420 H"(;#/( ;/&%+ "+(24$2+("#+, '/(
3"..C"+CB.%+E #4 g]"(; .2^ "(2&) +220 2D8."5"( (2%5;24 )/824$")"#+G T;2 R2)8#+)2 P4#C
52))"+F &#0/.2 %.)# ;2.8) (;2 (2%5;24 (# &#0"9B (;2 #$24%.. )5#42), 2"(;24 "+0"$"0/%..B #4
F.#'%..B, %+0 (# 8249#4& )(%(")("5%. %+%.B)")G U)24) O%0&"+")(4%(#4, (2%5;24) %+0 )(/02+()V
5#++25( (# (;2 )B)(2& 'B #+.B /)"+F % H2'C'4#H)24G N# 8.%(9#4&C)825"5 )#9(H%42 ")
+22020G

U)24 42X/2)() %42 ;%+0.20 'B % H2' %88."5%("#+ (;%( &%+"8/.%(2) 42.%("#+%. 0%(%
(;4#/F; jDBC, H;242%) XML 0%(% %42 84#52))20 (;4#/F; DOM %+0 XSLTG I+ 8%4("5C
/.%4, DOM ") /)20 (# 542%(2 %+0 &#0"9B IMSCeTI #'Z25() %+0 XSLT ") /)20 (# #'(%"+
% 5#442)8#+0"+F HTML F4%8;"5 42842)2+(%("#+G T;2 DL̀ )B)(2& ") 5%..20 (# 8249#4&
42%)#+"+F 0/4"+F (;2 %))2))&2+( F2+24%("#+ )(%F2G D%(% %'#/( /)24) OU)24 D%(%'%)2 "+
3"F/42 JV %+0 %))2))&2+( )5;2&%) %42 )(#420 "+ )(%+0%40 42.%("#+%. 0%(%'%)2 9#4&%(G
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D%(% %'#/( %))2))&2+() %+0 X/2)("#+) OI(2& %+0 A))2))&2+( D%(%'%)2 "+ 3"F/42
JV %42 )(#420 "+ % ;B'4"0 H%B, 5#&'"+"+F XML .2) %+0 42.%("#+%. 0%(%'%)2 (%'.2)G
I+ 8%4("5/.%4, XML .2) OIMSCeTI 5#&8."%+(V 42842)2+("+F "(2&) %42 )(#420 %) '.#'
%((4"'/(2) "+ 42.%("#+%. 0%(%'%)2 (%'.2)G S/5; (%'.2) %.)# )(#42 )#&2 2D(4% "+9#4&%("#+
%'#/( "(2&) "+ 42.%("#+%. 0%(%'%)2 9#4&%( "+ #4024 (# "&84#$2 )B)(2& 295"2+5BG D%(%
%'#/( %))2))&2+() ") )(#420 "+ % )(%+0%40 42.%("#+%. 0%(%'%)2 9#4&%( H;"5; 5%+ '2 2%)".B
(4%+).%(20 "+ XML 9#4&%( OIMSCeTI 5#&8."%+(VG U)24 .2) %+0 2D(4% "+9#4&%("#+ %42
)(#420 0"425(.B "+ (;2 .2 )B)(2&G

3 Exam and the IMS-QTI Specification

T;2 I+)(4/5("#+%. M%+%F2&2+( SB)(2& e/2)("#+ %+0 T2)( I+(24#824%'"."(B OIMSCeTIV
)825"5%("#+ 02)54"'2) % '%)"5 )(4/5(/42 9#4 (;2 42842)2+(%("#+ #9 X/2)("#+ O"(2&V %+0
(2)( O%))2))&2+(V 0%(% %+0 (;2"4 5#442)8#+0"+F 42)/.() 428#4() KJ[MG

M#42#$24, (;2 )825"5%("#+ %..#H) 42842)2+(%("#+ O%+0 );%4"+FV #9 (;") 42)#/452)
"+)"02 O%+0 '2(H22+V L2%4+"+F M%+%F2&2+( SB)(2&), %/(;#4) %+0 ."'4%4"2)G

IMS %0#8(20 (;2 XML .%+F/%F2 KSWM, (;2 "+0/)(4B )(%+0%40 &%4E/8 .%+F/%F2 /)20
(# 2+5#02 0%(% &#02.) %+0 )(#42 0%(%, "+ #4024 (# 84#&#(2 (;2 H"02)( %0#8("#+ #9 (;2 (;2
eTI )825"5%("#+G

L"E2 %.. IMS )825"5%("#+), (;2 IMSCeTI )825"5%("#+ 84#$"02 +# )825"5%("#+ 9#4
/)24 "+(249%52) #4 820%F#F"5%. 8%4%0"F&)G T;") H%B (;2 IMSCeTI )825"5%("#+ 5%+ '2
2%)".B )/88#4(20 #4 "+(2F4%(20 "+ 5#&&245"%. L2%4+"+F M%+%F2&2+( SB)(2& #4 )"&8.2
2C.2%4+"+F %88."5%("#+)G

T;2 (25;+"5%. )(4/5(/42 #9 (;2 IMSCeTI )825"5%("#+ ") '%)20 /8#+ (H# 5#&8#+2+()d

C T;2 ASI 5#&8#+2+() O02)54"'2 2$%./%("#+ #'Z25()d A))2))&2+(, S25("#+, I(2&VY
C T;2 42)/.() 428#4("+F #'Z25() O5#+(%"+ (;2 42)/.() (# '2 428#4(20 9#4 %+ 2$%./%("#+VG

T;2 eTI ASI )825"5%("#+ 9#4&%..B 02+2 %+0 02(%".) "+ (24&) #9 (;2"4 2.2&2+(),
)/'C2.2&2+() %+0 %((4"'/(2) (;2 "&8#4(%+( 5#+528() #9 A))2))&2+(, S25("#+ %+0 I(2&G

T;2 I(2& 2+("(B ") 02+20 "+ #4024 (# 42842)2+( X/2)("#+ (B82) O2GFG &/.("8.2 5;#"52,
.. "+ (;2 '.%+E 2(5GVG T;2 I(2& ") (;2 )&%..2)( "+0282+02+( /+"( (;%( 5%+ '2 2D5;%+F20
/)"+F IMSCeTIG C#+)2X/2+(.B, %+ I(2& 5%++#( '2 5#&8#)20 #9 #(;24 I(2&)G A+ A))2))C
&2+( ") %+ "+)(%+52 #9 % (2)( (;%( 5%+ '2 %))2&'.20 94#& '.#5E) #9 I(2&), %.)# 02+20
S25("#+)G A S25("#+ 5%+ 5#+(%"+ %+B 5#&'"+%("#+ #9 S25("#+) %+0h#4 I(2&), %+0 #+2 #4
&#42 S25("#+) 5%+ '2 5#+(%"+20 H"(;"+ % eTICXML "+)(%+52G S25("#+) %42 /)20 (# )/8C
8#4( F4#/8"+F 5#+)(4/5() 02+20 'B %+ 20/5%("#+%. 8%4%0"F& %+0h#4 5#+(4#. (;2 H%B) "+
H;"5; 0"99242+( )2X/2+52) #9 "(2&) &%B '2 5#+)(4/5(20G T;2 )25("#+ ") &242.B % F4#/8C
"+F 5#+)(4/5( %+0 H;%( % )25("#+ &2%+) "+ %+ %))2))&2+( 0282+0) #+ (;2 %/(;#4 "+(2+C
("#+)G A) 842$"#/).B 8#"+(20 #/(, %+ %))2))&2+( ") 5#&8#)20 #9 #+2 #4 &#42 S25("#+)
H;"5; (;2&)2.$2) %42 5#&8#)20 #9 I(2&), #4 #9 &#42 S25("#+)G A))2))&2+(, S25("#+
%+0 I(2& 0%(% #'Z25() %42 42924420 (# %) ASI OA))2))&2+(, S25("#+, I(2&V )(4/5(/42)G

T;2 eTI ASI )(4/5(/42) "+)(%+52) %42 )(#420 'B /)"+F XML 0#5/&2+()G T;2 eTI
ASI I+9#4&%("#+ M#02. 0#5/&2+( 02)54"'2) (;2 XML &2(%0%(% (;%( 5%+ '2 /)20 (#
5%(%.#F I(2&), S25("#+), %+0 A))2))&2+()G A 02)54"8("#+ #9 )/5; &2(%0%(%, 4"5; #9 "&C
8.2&2+(%("#+ 02(%".), ") #/()"02 (;2 )5#82 #9 (;") )25("#+ %+0 ") #&"((20G T;2 "+(242)(20
42%024 5%+ 42924 (# KJ[MG
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4 Assessment automatic generation internals

3#..#H"+F (;2 ASI &#02., %+ %))2))&2+( )5;2&% ") % (2&8.%(2 9#4 %+ ASI )(4/5(/42G I( ")
5#+)("(/(20 #9 % )2( #9 (2&8.%(2 )25("#+) O8#))"'.B +2)(20V %+0 (2&8.%(2 "(2&)G T2&8.%(2
)25("#+) O42)8G (2&8.%(2 "(2&)V %42 %))#5"%(20 (# % )2( #9 5#+)(4%"+()Y 2%5; 5#+)(4%"+(
)825"2) )#&2 42X/"42&2+( %+ %5(/%. )25("#+ O42)8G "(2&V );#/.0 ;%$2 "+ #4024 (# 9/.C
.. (;2 )5;2&% 84242X/")"(2)G C#+)(4%"+() &%B '2 2"(;24 )(4#+F #4 H2%EG I+ #4024 (# '2
%5528(20, %+ ASI "+)(%+52 &/)( 42)825( %.. (;2 )825"20 )(4#+F 5#+)(4%"+()G ]2%E 5#+C
)(4%"+() 2D842)) #+.B H2%E 8429242+52) %+0 %42 )%(")20 #+.B "9 8#))"'.2G A X/%."(B #4024
") %+BH%B 2)(%'.");20 '2(H22+ ASI "+)(%+52) O%))2))&2+() ;%$"+F % F42%(24 +/&'24 #9
)%(")20 H2%E 5#+)(4%"+() %42 842924420 H"(; 42)825( (# "+)(%+52) ;%$"+F &#42 $"#.%(20
H2%E 5#+)(4%"+()VG

I+ 8%4("5/.%4, "( ") 8#))"'.2 (# )2.25( "(2&) "+ (24&) #9d (#8"5Y (B82Y &"+"&/& %+0
&%D"&/& 0/4%("#+Y &"+"&/& %+0 &%D"&/& 0"95/.(B .2$2.Y $24)"#+ %+0 %/(;#4 #9 (;2
"(2&Y %F2 O0%(2 % X/2)("#+ H%) .%)( /)20 "+ % 0"99242+( %))2))&2+( 'B (;2 )%&2 (2%5;24VG
M#42#$24, % (2&8.%(2 )25("#+ 5%+ '2 5#+)(4%"+20 "+ (24&) #9d #$24%.. &"+"&/& %+0
&%D"&/& ("&2 9#4 5#&8.2("#+ #9 (;2 )25("#+Y #$24%.. &"+"&/& %+0 &%D"&/& )5#42 #9
(;2 )25("#+G

A) %+ 2D%&8.2, "&%F"+2 H2 H%+( (# 02)"F+ %+ %))2))&2+( )5;2&% 5#+(%"+"+F (H#
(2&8.%(2 )25("#+) %+0 G T;2 )25("#+ &"F;( 5#+(%"+ (H# )(4#+F 5#+)(4%"+() 842C
)54"'"+F i) (;%( &/)( 5#+(%"+ $2 "(2&)Y ii) (;%( (;2 (#8"5 #9 2%5; "(2& "+ &/)( '2
gC#&8/(24 S5"2+52^Y

I+ (;2 )25#+0 (2&8.%(2 )25("#+, H2 &%B )825"9B % )(4#+F 5#+)(4%"+( %'#/( (;2 +/&'24
#9 "(2&) O2GFG H2 &"F;( 42X/"42 %( .2%)( (;422 "(2&) (# '2 8/( "+ V %+0, %'#/( (;2 (#8"5
O2GFG H2 &"F;( +220 (# ;%$2 "(2&) %'#/( gC#&8/(24 N2(H#4E)^ #+.BVG 3/4(;24&#42, H2
&"F;( "+(4#0/52 % H2%E 5#+)(4%"+( (2.."+F (;%( (;2 0"95/.(B .2$2. #9 (;2 "(2&) "+)"02
should '2 %'#$2 R #/( #9 % &%D"&/& .2$2. #9 [G

A9(24 (;2 %/(#&%("5 F2+24%("#+ 2+F"+2 ") (4"FF2420 (;2 %))2))&2+( )5;2&% %( ;%+0 ")
5#+$24(20 "+ %+ 2D25/(%'.2 )825"5%("#+ H4"((2+ "+ (;2 DL̀ .%+F/%F2G

4.1 Problem specification in ASP

I+ 9#4&%. (24&), (;2 %))2))&2+( '/".0"+F F2+24%("#+ (%)E ") % 5#&'"+%(#4"%. 84#'.2&
(;%( 5%+ '2 2%)".B 84#$2+ (# '2 NPC;%40G R#/F;.B )82%E"+F, "( ") F"$2+ %+ %))2))&2+(
)5;2&% 5#/8.20 H"(; % 0%(%'%)2 #9 X/2)("#+) %+0 "( ") %)E20 (# +0 )#&2 %))2))&2+(
&%(5;"+F (;2 F"$2+ %))2))&2+( )5;2&%G

A) 842$"#/).B 8#"+(20 #/(, "+ #4024 (# )825"9B (;2 %))2))&2+( '/".0"+F 84#'.2&, H2
/)20 (;2 DL̀ .%+F/%F2, (%E"+F %0$%+(%F2 #9 (;2 ASP )2&%+("5) 2+4"5;20 H"(; H2%E
5#+)(4%"+() %+0 %FF42F%(2 9/+5("#+)G

T;2 0%(%'%)2 #9 X/2)("#+) ;%) '22+ &#02.20 (;4#/F; (;2 .#F"5 8420"5%(2
item(co,ar,ty,te,du,sc,ve), H;242 co ") (;2 "(2& 5#02, ar ") (;2 (#8"5 #9

(;2 "(2&, ty ") "() (B82, te (;2 "(2& X/2)("#+, du (;2 "(2& 0/4%("#+, sc (;2 "(2& )5#42 %+0
ve (;2 "(2& $24)"#+G

T;2 %))2))&2+( )5;2&% ") &#02.20 'B /)"+F % )2( #9 .#F"5 8420"5%(2)G I+ 8%4("5/.%4,
.2( AS '2 %+ %))2))&2+( )5;2&%, H2 %))24(d
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– (;2 9%5( section(as) (# 2+5#02 (;2 %))2))&2+(Y
– % 9%5( section(s) 9#4 2%5; )25("#+ s "+ ASY
– % 9%5( contains(i,j) 9#4 2%5; 5#/8.2 #9 )25("#+) i %+0 j )G(G i 5#+(%"+) j "+ ASY
– % 9%5( manuallySelectedItem(s,i) 9#4 2%5; &%+/%..B )2.25(20 "(2& i 5#+C
(%"+20 "+ )25("#+ sG

T;2 )2%45; )8%52 ") )825"20 'B (;2 9#..#H"+F 4/.2)d

inSection(S,I) v notinSection(S,I) :- section(S), S<>as,
item(I,_,_,_,_,_,_), not manuallySelectedItem(S,I).

inSection(S,I) :- manuallySelectedItem(S,I).

A )(4#+F 5#+)(4%"+( )2.25() )#./("#+) H;"5; 5#+(%"+ (;2 )%&2 "(2& #+.B #+52d

:- inSection(S1,I), inSection(S2,I), S1!=S2.

S25("#+ 84#824("2) %42 2+5#020 'B /)"+F (;2 9#..#H"+F %/D"."%4B 8420"5%(2)d

enclosedIn(S,I) :- inSection(S,I).
enclosedIn(S,I) :- inSection(S1,I), containsClosure(S,S1).
containsClosure(S,S1) :- contains(S,S1).
containsClosure(S,S2) :- contains(S,S1),

containsClosure(S1,S2).

H;242 containsClosure(s,i) 5#&8/(2) %.. (;2 "(2&) 0"425(.B %+0 "+0"425(.B 2+C
5.#)20 "+ % F"$2+ )25("#+G

3"+%..B, 9#4 2%5; 0"99242+( E"+0 #9 )25("#+ 84#824(B, % )/"(%'.2 5#/8.2 #9 5#+)(4%"+()
O#+2 H2%E %+0 #+2 )(4#+FV ") )825"20G A) %+ 2D%&8.2, (;2 2+5#0"+F #9 % 5#+)(4%"+( #+
(;2 &"+"&/& +/&'24 #9 "(2&) "+ % F"$2+ )25("#+ ") 428#4(20 '2.#HY

:-#count{I: enclosedIn(S,I)}<NumMin,
minNumberItemsSection(S,NumMin,strong).

:˜#count{I: enclosedIn(S,I)}<NumMin,
minNumberItemsSection(S,NumMin,weak).

N#("52 (;%( (;2 )825"20 5#+)(4%"+() %42 (;2 )(4#+F %+0 (;2 H2%E $24)"#+ #9 (;2 )%&2
84#824(B, %+0 #+.B #+2 H".. '2 %5("$%(20, 0282+0"+F #+ (;2 /)24 5;#"52G A+B #(;24 )25C
("#+ 84#824(B 5%+ '2 2+5#020 "+ % )"&".%4 H%BG

I( ") H#4(; 8#"+("+F #/( (;%(, %.(;#/F; (;2 9#4&%. )825"5%("#+ #9 (;2 84#F4%& ")
F"$2+ "+ (24&) #9 % +#+CF4#/+0 84#F4%&, )/5; % 84#F4%& ") "+)(%+52 "+0282+02+(G T;2
F4#/+020 $24)"#+ #9 (;2 84#F4%& ") 8#.B+#&"%..B .%4F24 #+.B H"(; 42)825( (# (;2 #4"F"C
+%("+F 84#F4%&G 3/4(;24&#42 "+ (;2 842)2+52 #9 % .%4F2 X/2)("#+ 0%(%'%)2), /)/%..B #+.B
% )&%.. 8#4("#+ #9 0%(% ") )2.25(20 %+0 (%E2+ "+(# %55#/+(G
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Fig. 2. T;2 A))2))&2+( 20"("+F "+(249%52 %+0 (;2 84#824(B 20"("+F 8%F2G

5 A web based interface to build assessments

]2 02)54"'2 "+ (;") )25("#+ (;2 EXAM A))2))&2+( A/(;#4"+F "+(249%52G
A))2))&2+( )5;2&2) 5%+ '2 '/".( 2"(;24 &%+/%..B #4 %/(#&%("5%..B 'B /)"+F % 5#&C

&#+ "+(249%52G
S#&2 )5422+C);#() #9 (;2 %))2))&2+( )5;2&% 20"("+F (##. %42 );#H+ "+ 3"F/42 SG

N2H )25("#+) %+0 "(2&) 5%+ '2 %0020 #4 42&#$20 (#h94#& (;2 )5;2&%, 'B #824%("+F #+
(;2 $")/%. "+(249%52G E%5; )25("#+ (2&8.%(2 ;%) % 84#824(B 9#4&, 94#&H;"5; "( ") 8#))"'.2
(# #824%(2 #+ (;2 .")( #9 (;2 %$%".%'.2 5#+)(4%"+()G

T;") H%B (;2 (2%5;24 5%+ 02%. H"(; (;2 .%4F2 +/&'24 #9 #8("#+) %$%".%'.2, "+ #4024
(# 5#+(4#. (;2 %))2))&2+( 542%("#+ 84#52)) O)22 3"F/42 SVG

I( ") "&8#4(%+( (# +#(2 (;%( (;2 %/(#&%("5 F2+24%("#+ 84#52)) 5%+ '2 8%4("%..B #$24C
4"002+ 'B 5;##)"+F &%+/%..B 94#& (;2 "(2& 0%(%'%)2G T;") 92%(/42 5%+ '2 $24B /)29/. "9
% (2%5;24 02+"(2.B H%+( (# 8/( % )825"5 "(2& "+ %.. F2+24%(20 %))2))&2+() 5#&8.B"+F
H"(; (;2 )5;2&%G

A))2))&2+() 542%(20 'B /)"+F (;") "+(249%52 %42 )(#420 "+ (;2 %))2))&2+( 0%(% '%)2
"+ #4024 (# '2 /)20 'B (;2 2D%& (%E"+F &#0/.2G

O+52 (;2 %))2))&2+( )5;2&% 20"("+F )(%F2 ") 5#&8.2(2, "( ") 8#))"'.2 (# %5("$%(2 (;2
%/(#&%("5 F2+24%("#+ 2+F"+2G

6 Related Works

A( (;2 &#&2+( #9 H4"("+F, (;242 %42 )2$24%. 2.25(4#+"5 %))2))&2+( )B)(2&) %$%".%'.2 #+
(;2 &%4E2(, )/5; %)d

K+#H.20F2 P42)2+(24 OD2%E"+ KMV KJLM, ED%& E+F"+2 OP.%((2 C%+B#+ M/.("&20"%
C#48V KPM, R%8"0 ED%& OXS(42%& S#9(H%42V KSJM, T2)(54%9( OI+F2+"#/) G4#/8V KSSM,
L/&2+"D ED%&B/".024 OED%&B/".024V KJRM, 3#452T2+ EEDO K+#H.20F2H%42 OEEDOV
KQM, TRA O%/(#&%("5 2CL2%4+"+FV KSRM G4%0"%+52 OG4%0"%+52 C#48#4%("#+VKSTMG
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A.. #9 (;2& &%E2 (;2 %/(;#4 %'.2 (# 20"( +2H "(2&) OX/2)("#+)V, (# 8/( (;2& "+ %
428#)"(#4BY T;2B )/88#4( (;2 %/(;#4 0/4"+F (;2 "(2& )2.25("#+ 8;%)2 'B )2%45; (##.) %+0
5.%))"5%("#+ (##.)Y '/( +# %/(#&%("5 %))2))&2+( F2+24%("#+ (##. ") )/88#4(20G

I+ (;2 ."(24%(/42 (;242 %42 2D%&8.2) #9 )B)(2&) %..#H"+F % )#4( #9 %/(#&%(20 %))2))C
&2+( F2+24%("#+ 'B /)"+F % 4%+0#& )2.25("#+ %+0 "(2& );/9"+F 92%(/42)G T;") E"+0 #9
%/(#&%("b%("#+ %..#H) (# #'(%"+ )2$24%. 2X/"$%.2+( %))2))&2+() 84#0/5"+F % 824&/(%("#+
#9 (;2 F"$2+ )2( #9 X/2)("#+)G T;") 299#4( %..#H) (# 02542%)2 (;2 8#))"'"."(B #9 5;2%("+F
'/( 0#2) +#( #9924 )/88#4( (# (;2 %/(;#4 0/4"+F (;2 %))2))&2+( %/(;#4"+F 8;%)2G A '2(C
(24 )/88#4( 5%+ '2 F"$2+ (# (;2 %))2))&2+( '/".0"+F 8;%)2 'B )825"%."b20 (##.) (;%( 5%+
%/(#&%("5%..B '/".0 X/2)("#+) %+0 %))2))&2+() 9#4 % F"$2+ OH2.. )/88#4(20V )/'Z25(, ."E2
M%(;2&%("5) KSMG B/( (;") E"+0 #9 )825"%."b%("#+ ."&"( (;2 /)2 #9 (;") (25;+"X/2) "+ %
F2+24%. 5#+(2D(G O'Z25("$2 (2)() %+0 X/"bb2) %42 %&#+F (;2 &#)( H"02.B /)20 %+0 H2..C
02$2.#820 (##.) "+ ;"F;24 20/5%("#+Y 9#4 % &#)( 5#&842;2+)"$2 )/4$2B O/80%(20 (# JQQQV
8.2%)2 42924 (# KRMG

7 Conclusive Remarks

A( (;2 &#&2+( #9 H4"("+F, (;2 EXAM )B)(2& ") /+024F#"+F % (;#4#/F; 2D(2+)"$2 '2(%
(2)("+F 'B (2%5;24) %+0 )(/02+() #9 (;2 C#&8/(24 S5"2+52 C/44"5/./& %( U+"$24)"(=% 02..%
C%.%'4"%G ED824"&2+(%. 42)/.() H".. '2 8/'.");20 "+ %+ 2D(2+020 $24)"#+ #9 (;") 8%824G
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