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Research Problem

* Detection vs Prevention
* Detection
« Use computer vision techniques to detect the cheating behaviors
* Privacy issues
* Prevention
« Large question bank
 Exam question and answer randomization
 Exam question and answer paraphase
 Our approach

* Prevent cheating behaviors by generating and managing a large
guestion bank

. Counteracting Exam Cheating by Leveraging Configuration and Recommendation Techniques Viet-Man Le et al.

3



Institute for Software Technology " Grazm

Research Questions

« Commonality and variability among questions in a large question
bank

« Configuration techniques can help to increase the solution space
« Each student will have a different exam
 Research questions:

 RQ1: Which representation techniques is the best to specify
the commonality and variability of exams, questions and
answers?

* RQ2: How to support the selected representation technique
in the Ul of an exam creation system?
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RQ1: Which representation techniques to specify exams,
questions and answers?

<2.2>

Topic 2 . Topic 3 || Topic 4 || Topic 5| ===

3>

ncorrect Answers
>,

Question || Question || Question [| Question || Question [f Question || Question || Question || Question [| Question || Question || Question (| Question

10 11 12 13

What is the aminimal || a minimal |1| Correct Answers
definition of || diagnosis | conflict set
it o
i ol
E P r fi

— - — - - A : A A A A . A A A
a minimal || a minimal a minimal an a maximal || a maximal D ' v o : H ! e B
deletion |[u isfiable || unsatisfiable || arbitrary || deletion subset g LIiliilooaoood
subset set set subset subset cstrd cstr2
o 4 4 B Y B OB e e
H ! : cstr3
I R sum(question)=40
) sum(question.estimated_duration)=50
sum(question.important_level=nice_to_know)/sum(question) = 0.5
& Mandatory A\ Alternative ---> Requires  <n.m> Group cardinality sum(question.important_level=important_to_know)/sum(question) = 0.3
& Optional S Or <-» Excludes  [n.m] Feature cardinality sum(question.important_level=extremely_important_to_know)/sum(question) = 0.2

sum(question.type=multiple_choice)/Sum(question) > 0.6

 Feature model is a simple representation technique

* Tree-based representation provides a good overview of knowledge
structure
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RQ1: Which representation techniques to specify exams,
questions and answers?

inimal || a minimal ‘Ill Correct Answers

ition of || diagnosis || conflict set
—

efin
B B

...............

(£344W sum(questio
sum(question.estimated_duration)=50
sum(question.important_level=nice_to_know)/sum(question) = 0.5
¢ Mandatory &\ Alternative  --> Requires  <n.m> Group cardinality =5 sum(question.important_level=important_to_know)/sum(question) = 0.3
4 optional A\ or +> Excludes  In.ml Feature cardinality (14g O} sum(question.important_level=extremely_important_to_know)/sum(question) = 0.2
1 st

(34gh8 sum(question.type=multiple_choice)/Sum(question) > 0.6

1. Which types of questions can a feature model represent?
e Different types of questions
2. Which feature model notions can be used to model an exam?

e Basic feature models, cardinality-based feature models, and extended
feature models

3. Which exam constraints can a feature model represent?

e Resource constraints, question complexity constraints, how much each
exam instance similar to previous exams, elc.
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Ex1 - Configuring Questions using Feature Models

Question 1

Question Answers

the a minimal || a minimal
definition of || diagnosis || conflict set

B: i1

Correct Answers | Incorrect Answers

. : : : '+ |aminimal || a minimal a minimal an a maximal | a maximal
Table 1'_An example of two multiple-choice H b deletion || unsatisfiable || unsatisfiable || arbitrary || deletion subset
auestions that share common features : Do subset set set subset |[ subset
< s : : : L e 7y ] 7y A ] ]
What is a minimal diagnosis? : o [ 1, :
1. an arbitrary subset R LI ; ; :
(1 | 2. aminimal deletion subset (correct answer) EERTTOTPTPLLTTEICILETETE - E
3. a minimal unsatisfiable subset ; cstr2 ;
4. a maximal subset F
What is the definition of a minimal conflict set?
1. an arbitrary subset é Mandatory A\ Alternative ---> Requires  <n.m> Group cardinality
Q2 | 2.2 m%n%mal deletlpn subset & Optional /8 Or <-»> Excludes  [n.m] Feature cardinality
3. a minimal unsatisfiable subset (correct answer)
4. a maximal subset
What is a minimal diagnosis
v v v v
What is || the definition of ||a minimal conflict set
v v v v
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Ex1 - Configuring Questions using Feature Models

Question

Question 1

the
definition of

a minimal || a minimal

diagnosis || conflict set

Table 1: An example of two multiple-choice
auestions that share common features

What is a minimal diagnosis?
1. an arbitrary subset
@1 | 2. aminimal deletion subset (correct answer)
3. a minimal unsatisfiable subset

4. a maximal subset

What is the definition of a minimal conflict set?
1. an arbitrary subset
@2 | 2.aminimal deletion subset

3. a minimal unsatisfiable subset (correct answer)
4. a maximal subset

. O

Answers

Correct Answers | Incorrect Answers

: T amlnlmal a minimal

unsatisfiable || unsatisfiable || arbitrary || deletion subset

set

set subset subset

E b deletion
5 b subset
i o fm 4
P R ;
N
cstr2

B ¢

& Mandatory A\ Alternative
& Optional /& Or

---» Requires
<-» Excludes

<n..m> Group cardinality
[n.m] Feature cardinality

What is a minimal diagnosis
v v v v
What is || the definition of || a minimal conflict set
v v v v

a minimal an a maximal || a maximal
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Ex1 - Configuring Questions using Feature Models
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diagnosis
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Correct Answers |

|conﬂict set .
— /Q)\
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Ex1 - Configuring Questions using Feature Models

Question

Question 1

Answers
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definition of
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diagnosis

conflict set

a minimal Incorrect Answers

Correct Answers |

i

. : : aminimal || a minimal a minimal an a maximal || a maximal
Table 1',An example of two multiple-choice - ' deletion || unsatisfiable || unsatisfiable || arbitrary || deletion | subset
auestions that share common features ; ; subset set set subset || subset
- — - — : : 7Y 2 Y e | e | =
What is a minimal diagnosis? : : : ; , f13
1. an arbitrary subset e R ; : :
@1 | 2. aminimal deletion subset (correct answer) R L EEEEEEEE - 5
3. a minimal unsatisfiable subset ;
4. a maximal subset ' """""""""""""""""
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Ex2 - Configuring Parameterized Questions

What is a parameterized question?
What is the result of X + Y?
What is the result of 1 + 37
What is the result of 5 + 2?
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Ex2 - Configuring Parameterized Questions
Question 5
[Question| A AT
<2..4>
[1.2] 2.3]
Given the |[v1>v2 [[v2>v3 ||v3>v1|[va>v1 || where variables || Whatis/are || Whatis the
constraints have the domain [|corresponding|| preferred f
. . . . of [1..5]. minimal minimal = =
3 0 .
conflict(s)? conflict?
f1e

B8 vi,v2,v3 € [1,5] B8 C = collect(fa,fs, e, f7) Question instance #1:

(fa A f5) - fe CS = random( conflict_hsdag(C) ) i

(fa A ~fs) - f7 fie —» C5 = quickxplain(C) Given the constraints ¢1: v1 > v2, c2: v2 >

fie — fa A fs A fo A Ty S #CS v3, ¢3:v3 > v1, and c4: v2 > v1, where

S = random(fs, fs, fe, f7) variables have the domain of [1..5].
What is/are corresponding minimal
conflict(s)?
{c1, c2, 3}
{c1, c4}
O tc2)
O tc3}
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Ex2 - Configuring Parameterized Questions

Question 5

w Answers
\

<2..4>

[1..2] [2..3]

Given the |v1>v2 |12>v3 |v3>v1 |12>v1 where variables || Whatis/are || What s the
constraints have the domain || corresponding|| preferred fi1

of [1..5]. minimal minimal
. conflict(s)? conflict?
f1e
338 vi,v2,v3 € [1,5] B8 C = collect(fs,fs,fe, f7) Question instance #1:
(fa A fs5) - fe CS = random( conflict_hsdag(C) ) i
(fa A ~fs) — f7 fie —» C5 = quickxplain(C) Given the constraints ¢1: v1 > v2, c2: v2 >
fio - fa A fs A fo A f; S #CS v3, ¢3: v3 > v1, and c4: v2 > v1, where
S = random(fs, fs, fe, f7) variables have the domain of [1..5].
What is/are corresponding minimal
conflict(s)?
Parameterized features {c1, c2, c3}
{c1, c4}
Pretty complex cross-tree constraints (0 2
O tc3}
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Ex3 - Exam Configuration and Recommendation

Exam
<2..2>
Topic 1 Topic2| Topic 3 || Topic 4 || Topic 5| ===
<2..2> =
Question || Question || Question || Question || Question || Question || Question || Question || Question || Question || Question || Question || Question
1 2 3 4 > 6 7 8 9 10 11 12 13
A A

N
()]
+
-
[y
N
w0
+
-
S
\-
'
L]
'
'
N 0
1]
UV K
+ N
=S 0
NI
'
1
1]
'
'
.
9]
)]
+
-
(8]

sum(question)=40
sum(question.estimated_duration)=50

sum(question.important_level=nice_to_know)/sum(question) = 0.5
sum(question.important level=important _to _know)/sum(question) = 0.3
sum(question.important_level=extremely_ important_to_know)/sum(question) = 0.2
sum(question.type=multiple_choice)/Sum(question) > 0.6
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A A

N
()]
+
-
[y
N
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+
-
S
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'
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'
1
1]
'
'
.
9]
)]
+
-
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[ ]
RQ2: Uls of an exam creation system
. y
Overview [ Category 1
Question 1
. Questiol
v Question
#Instance
o\ e What is #Used ins
v 01-01 Questior
i i
s
A a minimal conflict
D an:
A a minimal diagnosis O am
> am
N ? =
D am
|What isI the aminimal || a minimal |1| ConectAnswers v Answers
. definition of || diagnosis || conflict set Thi
= H Y is que
a minimal deletion subset 2 times i
: : aminimal || a minimal a minimal an a maximal || a maximal
deletion || unsatisfiable || unsatisfiable || arbitrary || deletion subset a minimal unsatisfiable subset
subset set set subset subset e e
? ‘ 12 ‘ [ an arbitrary subset Settings
----------------------- [J amaximal deletion subset [J Rando
---------------------------------------- [J a maximal subset Important
Question |
#Correct answers: 1 s -1 s #Incorrect answers: 2 s -3 s .
: ; Estimated
min max min max
Question”

Constraints

Add Delete Edit

cstri: m m a minimal unsatisfiable subset
(<13/7Z8 a minimal diagnosis m a minimal deletion subset
3/ a minimal conflict ] a minimal deletion subset
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Question and Answer Configuration
Overview | Category 1
Question 1
d « Question Question Instances 9
. e What is :r::::::;:cesﬁ ShOW Valld
QueStlon and v 01-01 ( Question instance #1: SO|UtIOnS, or

Answers editor

Using a context
menu to create,
edit, or delete
nodes of the
tree.

A a minimal conflict
A a minimal diagnosis
N ?
v Answers
a minimal deletion subset
a minimal unsatisfiable subset
[J an arbitrary subset
[ a maximal deletion subset

[ a maximal subset

What is a minimal conflict?

D an arbitrary subset

[:l a minimal deletion subset

a minimal unsatisfiable subset

|:| a maximal subset

This question instance has been used
2 times in the two last exams.

1 of 6 >

»

Settings
I:l Randomize the order of Answers

Important Level: Important to know

$ -1 : #Incorrect answers: 2

#Correct answers: 1

min max min

“»

Question Points: 1
Estimated Duration: 1 $  minutes
Question Type: Multiple choice

Constraint editor

Constraints

Add Delete Edit

cstri: m a minimal unsatisfiable subset
cstr2: a minimal deletion subset
(/<A a minimal conflict J a minimal deletion subset

warnings in the
case of
inconsistency

Other settings
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Exam Configuration

Configuration Systems Course

Exam Settings x
v Exam
#Exam instances: 120 :

e Topic 1 %Similar to ions in previous  _ 50, &

Exam Editor

N Question 1

Duration: 50 & minutes

. Resource constraints

#Questions: 40
A\ Question 2

A\ Question 3 1 30% of solutions used in the two last exams ! %Nice to know: 50% 4 Q u eSt I O n C O m p I eX I ty
%lmportant to know: 30% s .
constraints

A Question 4

1 %Extremly Important to know:  20% s
A\ Question 5 -

 Topic 2 %Multiple choice: > 60% B D | St r| b u‘t' on of

o Question 6 !40% of solutions used in the two last exams ! %lmage Analysis: % ¢

. question types in the

e Question 7 %Matching: % s

v 03-03 %Reordering: % $ exa m

Y%Freetext: % s

A\ Question 8

A\ Question 9
A\Question 10 1 70% of solutions used in the two last exams !
A\ Question 11
A Question 12
A\ Question 13
v 02-02
A\ Topic 3
A\ Topic 4

A Topic 5

Constraints x

Add | Delete Edit

. . L2 A Question 2 X requires ) Question 1}

Constraint Editor iz D I 5D
PN Question 4 X exciudes § Question
cstra: 0D D 0D
cstr5: D) MDD XD
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Conclusion

 The contributions of our work:
* Propose an exam creation approach supporting:
 Different types of questions, especially the parameterized questions

« A content-based recommendation to generate exams that are
different from previous exams

» Develop mock-ups of an exam creation system
* Future work:

» Integrate our approach into a real online exam system
(KnowledgeCheckr) and analyze the applicability of the presented
concepts

« Take into account fairness and representativeness aspects

. Counteracting Exam Cheating by Leveraging Configuration and Recommendation Techniques Viet-Man Le et al.
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Thank you for your attention!
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Overview | Category 1

Question 5

v Question
e Given the constraints
v 02-04
A vl > v2
A v2 > v3
A v3 > vi
A v2 > vl
Ne where variables have the domain of [1..5].
v 01-01
A What is/are corresponding minimal conflict(s)?
A What is the preferred minimal conflict?
v Answers
cs
Os

#Correctanswers: 1 $ -2 4 #incorrect answers: 2 s . 3

min max min max

Constraints

Add Delete @ Edit

Question Instances X

#Instances: 756
#Used instances: 120

Question instance #1:

Given the constraints c1: v1 > v2, c2: v2 >
v3, ¢3: v3 > v1, and c4: v2 > v1, where
variables have the domain of [1..5].

What is/are corresponding minimal
conflict(s)?

{c1, c2, c3}
{c1, c4}
O 2

O (3

This question instance has been used
1 times in the two last exams.

1 of 756 > »

cstr: CTXD

cstr2: @ D €D D O CIID EED

cstr3: @ GED €D C 3D O & 3D

JOOSPARR o o pretemed minimarconties L reqtres Tt 2 ] end Y2 > 1Y and 13 > V1
{ and Xv2>vi]

cstrs: (@ © EIED GED G CED O CGED @ CED O

estrs: € © CIZD XTI OO O

27720 What s the preferred minimal conflict? X requires J'cs X = X quickxplain( Xc X') J

cstrs: O D

cstr9: © © EIID GED @ CED @ GED 0 CED O

Settings X

|:| Randomize the order of Answers

Important Level: Important to know s
Question Points: 1 s
Estimated Duration: 2 $  minutes

Question Type: Multiple choice $
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Constraint Editor X

Operators and Functions Terms

D CED @ € © €
000000000000
[in_domain X random X collect ] a minimal unsatisfiable subset

[ hsdag X conflict_hsdag X quickxplain a minimal deletion subset

cstr3: [ excludes X a minimal deletion subset ’

cstri: m a minimal unsatisfiable subset
cstr2: m a minimal deletion subset
cstr3: m a minimal deletion subset
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