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Developing an Intelligent Quiz System Based on

Genetic Algorithm

Van Kiet Huynh, Ba Lam To

Abstract: In the normal quiz system, all questions are the same.
However, the questions of an intelligent quiz system have different
difficulty level, different response time, etc. This paper proposed a
novel solution based on genetic algorithm (GA) to build an
intelligent quiz system. This solution is experimented with website
system via PHP and MySQL. The question bank for experiment is
input into the system by lecturers. The experimental result obtains
very good with the accuracy rate of 95%.

Index Terms: Evolutionary Algorithms, Genetic Algorithm
(GA), Intelligent Quiz System, Learning Outcome (LO).

I. INTRODUCTION

The quiz system is increasingly popular in universities.
However, the questions of the current quiz system are at the
same difficulty level and response time. Current training
programs are built based on learning outcomes (LOs). The
program must be designed with the learning outcomes of the
graduate. Each subject and lesson must include the learning
outcomes of the program. Learning outcomes are often aims,
goals or objectives of the program. Learning outcomes are
the achievements of the learner which teacher need to help
the learner to achieve [1, 2]. Each question of the quiz system
should have different difficulty levels and different response
time. Moreover, each question must cover some learning
outcomes. Genetic algorithms are called evolutionary
computation, optimization algorithm. They imitate the
biological processes of reproduction and natural selection to
find for the best optimal solutions [3, 4]. Genetic algorithm is
built from Charles Darwin’s theory of natural evolution.
Genetic algorithm search the best individuals from a
population by natural selection. The process of natural
selection selects the best individuals from a population.
These individuals crossover to produce offspring which
inherit the characteristics of the parents and the new
generation is formed from new offspring. When parents are
strong, offspring have a better chance at surviving and better
strong. The above process is repeated until the optimum
condition is reached and a generation with the fittest
individuals will be found [5, 6]. Genetic algorithm includes
five phases such as initializing population, calculating fitness
function, selecting the best individuals, crossover to
reproduce next generation and mutating some individuals to
make diversity within the population [7].
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A population includes individuals. Each individual has a set
of characteristics known as Genes. Each individual is a
solution to the problem. Calculating fitness function for each
individuals to determine how fit an individual. An individual
with high fitness score will be selected for reproduction.
Selecting the best parents based on their fitness scores, these
parents help to reproduction better offspring.

The selected parents will be mated in pairs by choosing at
random from within the genes. This process is called
crossover phase. Mutating some individuals to make
diversity within the population and prevent premature
convergence. The algorithm terminates if the optimal
condition has met. The result of the genetic algorithm is a set
of solutions to problem. In an intelligent quiz system, each
question has different difficulty level, different response time
and some learning outcomes. In order to generate an exam
which meet the requirements of lecturers, an intelligent quiz
system has to use evolutionary algorithms to find an optimal
solution. This paper proposed a new solution based on
genetic algorithm to generate an exam in the intelligent quiz
system.. The remainder of the paper is organized as follows.
The system design is discussed in Section 2. In section 3, the
numerical results of experiment are illustrated. Finally,
Section 4 concludes this paper and figures out the future
works.

Il. SYSTEM DESIGN

A. Database Model

Database model using for the intelligent quiz system includes
the following main tables:

1) Table “Subject”

This table contains information about subjects.
structure is described in Figure 1.

v 11z subject
2 ID_Sub : int{10) unsigned
2 Mame : varchar{30)
# No.Credit - int(11)
g CDIO - tinyint(1)
Figure 1. Structure of Table “Subject”

Table

2) Table “Learning Outcomes”

This table contains information about learning outcomes.
Each learning outcome belongs to a subject. Table structure
is described in Figure 2.
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3 © cuz learning_outcomes
@ ID_LO :int(11)

g Mame : varchar(5)

i Desciption : varchar(300)

# ID_Sub :int(11)

Figure 2. Structure of Table “Learning Outcomes”

3) Table “Question”

This table contains information about questions. Each
question belongs to a subject. Table structure is described in
Figure 3.

N @ vz question

2 1D_Ques - int(11)

2 Content : varchar{1000)

# DOif_Level : tinyint(4)

# Res_Time : tinyint{4)

# 10_Sub - int{11)

@ Create_Date : date

i@ Username : varchar(20)

# Used : tinyint(1)

Figure 3. Structure of Table “Question”

4) Table “Answer”

This table contains information about answers. Each answer
belongs to a question. Table structure is described in Figure

4,
0@ ouz answer
2 1D_Ans - int{11)
2 Content : varchar(800)
# Status : tinyint(1)
m Create [Date : date
# |0 Ques : int{11)
Figure 4. Structure of Table “Answer”

5) Table “Question LO”

This table describes the relationship between question and
learning outcomes. Each question includes some learning
outcomes. Table structure is described in Figure 5.

Y © cuz question_lo
2 id - int(11)
# |0 Ques : int(11)
# 10_LO - int(11)
Figure 5. Structure of Table “Question_LO”

B. Proposed Algorithm

In the proposed system, there are three options to support
lecturers choose to generate an exam. In the first option,
lecturers choose exam time and difficulty level. All generated
questions include whole learning outcomes of subject.

In the second option, lecturers choose exam time. All
questions of generated exam have different difficulty levels.
All generated questions include whole learning outcomes of
subject.

In the third option, lecturers choose exam time and
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percentage of each difficulty level. All generated questions
include whole learning outcomes of subject.

Three options to support lecturers choosing conditions is
described in Figure 6.
® Option 1 :

Difficult Level : ‘Exam Time :I:I (Minutes)

O Option 2 :

[Exam Time : (Minutes)

O Option 3 :

[Exam Time : (Minutes)

[Easy : % Medium : % Hard : %

Create Reset

Figure 6. Three options
The proposed algorithm is done in 2 steps. The first step,
querying database to extract questions required, the second
step uses GA algorithm to generate the questions of exam aim
to meet the optimal condition. First, this algorithm queries
database to extract the questions meet the requirements. For
example, the first option, extracting all questions of chosen
subject with chosen difficulty level.
Second, the algorithm model is described in Figure 7. This
algorithm is implemented with the following phase:
- Initial population phase: This phase creates a
2-dimensional array (MxN), M is the number of
individuals, N is the number of extracted questions. M is
the rows of array, N is the columns of array. Randomly
generating values of 1 or O for elements in the array.
- Calculating fitness function phase: this phase calculates
the fitness function of each individual. The fitness function
of each individual is calculated by sum of response time of
each question. When the value of the elements in each
individual is 1, adding the response time of the
corresponding question to the fitness function of that
individual.
- Optimized phase: This phase determines the optimal
condition for stopping the algorithm. The optimal
condition is "the value of fitness function of certain
individual equals to the exam time and whole learning
outcomes of all questions are also whole learning
outcomes of subject".
- Next generation selection phase: This phase retains half
of the individual (M/2) with the most optimal fitness
function (nearly equal to the exam time), eliminating half
of the remaining individuals (M/2).
- Crossover phase: From half of the individual (M/2) with
the most optimal fitness function, this phase create next
population (M individuals) via crossover. Each pair of
parents will be mated randomly to create new offspring. a
new population generation is formed from these new
offspring.
- Mutation phase: This phase performs mutations for
some genes of certain new offspring with a low random
probability. Mutating some individuals to make diversity
within the population and prevent premature convergence.
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are also whole learning outcomes of subject"”. If there is no
fitness function value of individuals equal to the exam time,
error rate less than 5% between the value of fitness function
of certain individual and the exam time is the optimal
Initial population condition.

A. The first Experiment

Calculating In this experiment, lecturers choose the first option with the
Fitness function exam time of 30 minutes. The exam generated with the exam
time of 30 minutes and “Easy” level is described in Figure 8
in Vietnamese. The exam generated with the exam time of 30

- Next Generation minutes and “Medium” level is described in Figure 9 in
Optimized? Selection Vietnamese. The exam generated with the exam time of 30
minutes and “Hard” level is described in Figure 10 in
Vietnamese.

Crossover

Mutation

Figure 7. Proposed Algorithm

I11. EXPERIMENTAL RESULTS

A Website system is developed to conduct some experiments.
This Website is designed and programmed via PHP and
MySQL [8]. The optimal condition of these experiments is
"the value of fitness function of certain individual equals to
the exam time and whole learning outcomes of all questions

[T sinh tham gia thi : KI8T LU JKiZu thanh vien - Admin
Bng 56 cau hoi: 20 e gian thi - 30 phat
[Théi gian cén lai - [20 [.[57 |

[Bé x6a cdu tric bang, cdu Ignh nao sau day |3 ding?
1) © [DELETE TABLE

) C [ERASE TABLE

3) O DROP TABLE

i) © [TURN OFF TABIE
Cu phap dé tao bang c6 cét dinh danh sau ddy ding hay sai: Tén cot [kidu di ligu] IDENTITY(sé_bat_ddu,chi_sé_tang)
1) O [ping

) O leai

Cii phap d& tao bang c6 gi tri mac dinh sau day ding hay sai: Tén cat [idu dir lidu] DEFAULT gid_tri

1) C [ping

k) O [sai

(Gia tri “null” ciia 1 thugc tinh c6  nghia nhu thé nao?

1) O [rhuéc tinh nay ce tinh chat quyét dinh ddi véi tinh toan ven CSDL

) O Gia tri thue cla thuac tinh tai thei didm hién tai khang cé y nghia

) O [Thudc tinh nay hoac Ia khoa chinh hoac 1 khoa ngoal

l1) © [Chi c6 nguoi thidt ké CSDL mé&i biét dwec gia tr thudc tinh nay

Ham nao sau day khong phi1a 1 ham Group ?

1) O [sum
= —

Figure 8. Exam time of 30 minutes and “Easy” level

[Thi sinh tham gia thi - KIEL Lu JKiZu thanh vien - Admin
m 15 o gian thi - 30 phit
[Thai gian con lai - [20 [HES |

1 lwoc d6 quan hé la:

H O 1 tap gia tri diF li2u

O 1 50 36 quan hé thyc th

) O [Tén quan he

] 1tap cac thudc tinh

Cau 1gnh duei day khong e6 151 ?

= [SELECT aid. avg(aty) from orders group by aid

) O |§ELECT count(") from orders

) O [SELECT cid, sum{dollars) from order

O [SELECT cid.sum(aty) from orders group by cid having sum(dallars)>2000

Cau nao duéi day 12 1 Iwoc 68 quan hé la:

1) O (A)

O (D.EF)

) O pukim)

k) O (B.C)

[Thuat ngi "data” dé cdp tei:

) O [Hinh anh va 4éi tweng

)0 | T

e Ay —— T e AR

Ei"gure 9. Exam time of 30 minutes and “Medium” level
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[Kiéu thanh vién - Admin

[Thi sinh tham gia thi - Kigt Lu
Téng sé cau hai 11

[Thei gian thi - 30 phit

heigiancantai-[2a  [:[s7 |

Cho QUFVUCEF) w6i F=FV->U, V->C, CE->F}.HAy cho biét khoa cia Q ?

) O .C.E}

2y O UE}

) O F.C

byOd F.V}va {G.E}

5 O FV.U.C}

5) O F.V.E}

Cho Q(M.L,G.J.P.E) va 1 tap phu thudc ham O={MGP->JE, L->GJE, M->LGE}. Tim bao dong ciia X={L}?
h) O LGJE

) O LGP

) O L GJPE

bh) © MLGJE

5) O IMGJE

Cho Q(RD.Z.TX.S) v 1 tap phu thusc ham O=[XS—=RT, RX~=D, ZT->XS, Z-+R, DS->Z}. Tim bao déng ciia X={RDS}?
) © RDZS

) O R7X

) O RDZTX

h) O RZXSC

Figure 10. Exam time of 30 minutes and “Hard” level

In this experiment, lecturers generated 50 exams with
"easy" level and the exam time of 30 minutes for different
subjects, 50 exams with "medium" level and the exam time of
30 minutes for different subjects, 50 exams with "hard" level
and the exam time of 30 minutes for different subjects. The
experimental results are shown in Table 1.

Table 1. The experimental result of the first experiment

Level The number of | The number of | Accur
exams with exams with acy
exact time error 5% time Rate
Easy 48 2 96%
Medium 49 1 98%
Hard 49 1 98%

As a result of table 1, it found that the accuracy rate of
generating exams achieves 97.3%.

B. The second Experiment

In this experiment, lecturers generated 50 exams with the
exam time of 30 minutes for different subjects, 50 exams with
the exam time of 40 minutes for different subjects, 50 exams
with the exam time of 50 minutes for different subjects, 50
exams with the exam time of 60 minutes for different
subjects. The experimental results are shown in Table 2.

Table 2. The experimental result of the second

experiment
Exam The number of | The number | Accur
time exams with of exams with acy
(minutes) exact time error 5% time | Rate
30 50 0| 100%
40 48 2 96%
50 48 2 96%
60 47 3 94%

As a result of table 2, it found that the accuracy rate of
generating exams achieves 96.5%.

The exam generated with the exam time of 30 minutes is
described in Figure 11 in Vietnamese. The exam generated
with the exam time of 40 minutes is described in Figure 12 in
Vietnamese.

[Thi sinh tham gia thi - Kiét Lu

[Kidu thanh vién - Admin

[réng sé cau hai- 16

[Thivi gian thi - 30 phat

[Thai gian con lai - [20 |:|s8

Cau 1énh ndo sau day khéng phii dé tao cdu tric bang?

) d [SET UP TABLE

O [MAKE TABLE

5 O |CREATE TABLE

] [NEW TABIE

Cu phap dé tao bang c6 gi tri mac dinh sau ddy ding hay sai: Tén c6t [kiéu diF liéu] DEFAULT gi tri
1) O [ping

)y © |s=i

Ham nao sau day khang phai la 1 ham Group ?

i) O [sum

l2) © [SQRT

3) O =

) © VAKX

5) O paini

Cau 1énh dui day khang cé 18i ?

O [SELECT aid_ avg(aty) from orders group by aid

Ly O [SELECT count(") from orders

5, O [SELECT cid,sum(dollars) from order

) O [SELECT cid.sum(qty) from orders group by cid having sum{dollars)>2000

Figure 11. Exam time of 30 minutes
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[Thi sinh tham gia thi - Kiét Lu

[Kiéu thanh vién - Admin

[réng s6 cau hoi: 21

[Thei gian thi - 40 phat

[Thévi giancon lai (30 | [56 |

Cau I&nh nao sau day khéng phai 88 tao cau tric bang?

<oy

1) O SET UP TABLE

2_}_D MAKE TABLE

3) O CREATE TABLE

by O MEWW TABIE

Cii phap dé tao bang co gia tri mac dinh sau dy dung hay sai- Tén cét [kidu dif ligu] DEFAULT gia_tri
1) O |ping

k) O [5ai

1 lwgc dd quan hé la:

1) O 1 tap gid tri dik lidu

) O 1 so @ quan hé thuc tha

3 ) [ [Tén quan hé

k) O 1 tép cac thudc tinh

Cho Q(DHKUY) véi tap phu thudc ham F={YH-=K, KD-=U, K--=Y, U-=D} Tinh bao ddng cia X={Y,H U} dwa trén F ?
1) O [vAUDK

) O 0¥ H.K.O}

5y O |rHKD.g

W) O

Figure 12. Exam time of 40 minutes

C. The third Experiment

In this experiment, lecturers generated 50 exams with 50%
"easy" level, 30% “medium” level, 20% “hard” level and the
exam time of 30 minutes for different subjects; 50 exams
with 20% "easy" level, 50% “medium” level, 30% ‘“hard”
level and the exam time of 30 minutes for different subjects;
50 exams with 30% "easy" level, 20% “medium” level, 50%
“hard” level and the exam time of 30 minutes for different
subjects. The experimental results are shown in Table 3.

Table 3. The experimental result of the third experiment

The accuracy rate of generating exams

97.50%
97.00%
98.50%
95.00%
95.50%
95.00%
94.50%

94.00%

The First Experiment The Second Experiment The Third Experiment

Figure 16. The accuracy rate of generating exams

Level The number of | The number of | Accurac
exams with exact |exams with error | y Rate
e =0 fiie IV. CONCLUSION
50% Easy, 48 2 96%  This paper proposed a novel solution based on genetic
302/0 Medium algorithm to develop an intelligent quiz system. This solution
ggoj" Eard i 5 5500 is experimented with website system via PHP and MySQL.
o Easy, ®  The experimental result obtains very good with the accuracy
50% Medium 0 . . .
30% Hard rate of 95%. In 'Fhe near future, this work will b_e improve the
30% Easy, 47 3 94% proposed algorithm at crossover and mutation pha_se to
20% Medium increase the accuracy rate. Moreover, we also experiment
50% Hard with bigger datasets to evaluate the proposed algorithm

AS a result of table 3, it found that the accuracy rate of
generating exams achieves 95.3%.

The exam generated with the exam time of 30 minutes and
50% Easy, 30% Medium, 20% Hard level is described in
Figure 13 in Vietnamese. The exam generated with the exam
time of 30 minutes and 20% Easy, 50% Medium, 30% Hard
level is described in Figure 14 in Vietnamese. The exam
generated with the exam time of 30 minutes and 30% Easy,
20% Medium, 50% Hard level is described in Figure 15 in
Vietnamese.

D. Discussion

Through three above-mentioned experiments, the accuracy
rate of generating exams are over 95%. the accuracy rate of
experiments is described in Figure 16. It found that the
proposed algorithm is very good for this solution.
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exactly and overcome its disadvantages.
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[Kiéu thanh vién - Admin

[Thi sinh tham gia thi : KI€f Lu
5n§ 56 cau héi: 16

[hei gian thi - 30 pnit

[Théi gian con lai :|29 ‘: ‘EE ‘

Cii phap dé tao bang cd cot dinh danh sau ddy ding hay sai- Tén cét [kidu di lisu] IDENTITY(s6_bét_

ddu,chi_sd_tang)

1) O Jping

) O Jsai

Cii phap dé tao bang cd gid tri mac dinh sau day ding hay sai: Tén cgt [kiéu dir liéu] DEFAULT gia_tri

1) O Jpung

Py (@] |Sa|

[Cho Q(ABCDEGH) vé&i tép phu thugc ham F={B->»A, DA—>CE, D-»H, GH->C, AC—->D}.Tinh bao déng clia X={BD} dyatrén F ?
h) (@] BDAC)

)y O BDACE}

3) O BDCE}

By @] BDACEH}

5 ) (@] BODACEGH)

Néu BN-—>Cl 131 trong nhi¥ng phu thudc ham cla lvoc a3 quan hé U(B.N.C I). Vay ciu nao dwdi day ludn ding?
) O B 14 khda chinh cia U

Ry O MB la khoa chi dinh cia U

3) @] Khéng cd 2 bé trén lvoc b quan hé U cé cang gid tri Cva |

h) @] Khéng cd 2 bé trén lvoc b quan hé U cé cing gid tri Bva N

) O T4t ca cac cau déu ding

Figure 13. Exam time of 30 minutes and 50% Easy, 30% Medium 20% Hard level

[Thi sinh tham gia thi - Kiét Lu

[Kiéu thanh vién - Admin

ITﬁng s6 cau hai: 16

[Thai gian thi - 30 phot

[Théi gian cdn lai ‘29 HSB |
ICau 1&nh ndo sau day khéng phai dé tao cu tric bang?
1) O [SET UP TABLE
2) (] IMAKE TABLE
3) O ICREATE TABLE
) O NEW TABIE
1 lrgc dd quan hé la:
1) O 1 tap gia tri di¥ lidu
2_}_|:| 1 50 @0 quan hé thyc thé
) O [T&n quan h&
uy O 1 tap cac thudc tinh
Cau lénh nao sau day gici han cét travé 7
1) O Select
2) O Order by
3) O From
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[Thudt nglr "data” dé cap toi:
1) O Hinh anh va ddi trong
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Figure 14. Exam time of 30 minutes and 20% Easy, 50% Medium 30% Hard level

[Kiéu thanh vién - Admin

[Thi sinh tham gia thi - Ki€t Lu
6n§ s cdu hdi: 15

[hei gian thi - 30 phot

[Theri gian con lai - |ZQ | ‘57 |

(Cau Iénh nao sau ddy khang phai dé tac cdu tric bang?

) O [SET UP TABLE
2) 0 MAKE TABLE
3) O [CREATE TABLE
[ O NEWTABE
SQL 12 1 ngdn ngi¥ tha tuc
1) O Jpung

) O [sai

[Khi ta anh xa 1 thude tinh da tri cia thue thé E tir md hinh ER sang mé hinh quan hé Chiing ta sé ta

o

1) O 1 cdt trong quan hé twong (ng véi thue thé E

l2) O [Mhigu quan hé, méi 1 quan hé tweng tng véi méi gia tri riéng biét cia thudc tinh 6.

3) O 1 quan h& ma cd chira 1 khda ngoai va 1 cdt cho thac tinh da

W) O Khding c6 cdu nao ding

Cho I{D,V,C.Y,J) véi 1 tap phu thuéc ham M{DV->CJ, V—>Y, ¥-->D} Phu thuéc ham no cé thé suy ra tir O 7
O —>YCDJ

2) O DJ--=>Y

)0 DY-->CJ

O IY—=YCJ

Figure 15. Exam time of 30 minutes and 30% Easy, 20% Medium, 50% Hard level
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