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Abstract. The multitude of the technology-based tools used for educational pur-
poses is how a common thing to be seen. These tools can help within the educa-
tional process either for the organizational purposes or these are included in the
materials used in education. This paper presents Kromatine, a generator of as-
sessment tests which are obtained using a genetic algorithm, which includes it in
the first category, organizational purposes. The genetic algorithm uses basic ge-
netic operations and structures and it is presented in a form of a web application.
It eases the organizational tasks of the teacher by giving him the opportunity to
generate tests that will be used further in assessment. The questions are stored in
a database and the user has the possibility to add questions to database and to
generate tests that can be used later. The questions are characterized by a degree
of difficulty and are multiple-choice type. The choice of the genetic algorithm is
due to the fact that the problem can be summarized in generating an arrangement
of question summing a given total degree of difficulty (comparable to the subset
sum problem), which includes the issue in the category of NP-complete prob-
lems. Also, the problem structure can be easily modeled based on a general ge-
netic algorithm structure.

Keywords: genetic, tool, web application, education, assessment.

1 Introduction

As technology advances more and more and the modalities of easing organizational
tasks are more numerous and following several recent breakthrough researches. All
these research is based on nature functionalities and structures. Also, education is an
extremely important field within the domains of the people, from the primary school to
adult training [15]. This importance is obvious, because education is a basis for every
human activity.

We will present in this paper a primary version of a tool that generates tests used for
assessment based on a genetic algorithm. As we will see, the questions are multiple-
choice type and are selected from a database which is built overtime. Section 2 intro-
duces a theoretical base formed from notions and operations used to build the tool. In
section 3 we will present the actual implementation of the tool, in the form of a web
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application, and section 4 contains an example of obtaining assessment tests using this
tool.

2 Research and related work

Genetic algorithm theory is rapidly developing due to advances in technology and re-
search. Known for their large applicability, their approximate nature is a both a feature
and a drawback that is currently studied in order to increase the accuracy of the solu-
tions obtained. Thus, state of the art research on genetic algorithm is aiming to solving
both classical theory problems and unusual particular issues.

Given the first direction, the applicability of the genetic algorithms to fuzzy prob-
lems is a candidate for solving matrix problems (implying chessboard-like structures
such as the queen problem [1]), which refer to the larger component of combinatorics.
Also, the genetic algorithms are widely used as a second solution for NP-complete
problems and one of the closest to education area is the generation of a timetable or a
schedule [2], given certain constraints. Besides that, the genetic algorithm may be com-
bined with neural network notions in order to help in pattern and classification problem
[11].

The problem studied in this paper is part of the second set of problems. Given the
fact that the problem of generating tests formed of question with a given requirement
is not a common issue found in the literature, the existing papers which deal with the
problem deal with the problem of efficiency of genetic-based generation [4]. Other
types of generators use random-based generators [5] or ant-colony algorithms (ACA),
where is shown that effectiveness is slightly greater in terms of generating time. How-
ever, time generation is not necessarily a key-parameter within the problem of tests
generation, but the precision of results. The precision is close either an ACA or genetic
algorithms are used [6].

Another issue regarding the studied problem is that this can be classified as NPcom-
plete, due to its reduction to the subset sum problem, of generating subsets of finite
cardinal whose sum of difficulty degree is close to a given parameter, which is known
for being NP-complete [3]. This is why an evolutionary approach is preferred.

Issues regarding the generation of tests which are secondary in this paper are also
consisting in the type of the question that is generated, whose number can be extended
using existing methods based on word analyze and NLP algorithms [7] and the auto-
matic determination of the degree of difficulty of a given question [8]. These issues are
forming new fields of research and integration in future research. Furthermore, the
questions that form tests can be seen as nodes in a complex network, which would
consist in the possibility of using graph-based structures [14] and introduce the concept
of linked questions within the implementation of the algorithm.

Finally, the problem described in the paper is a new integration of technology tools
within the vast domain of education. We should not exclude the social part of the edu-
cation [10] and the implications of the usage of the technology [13], which are im-
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mensely influencing the educational development of the students. Thus, a future devel-
opment would be the inclusion of a social aspect within the tool, either in selection of
the test or regarding the interaction between users.

3 Theoretical notions and application structure

Before the actual presentation of the tool to be made, we will present the notions that
led to its creation. The tool has been developed based on a genetic algorithm, meaning
that the structures used are the gene and the chromosome. Also, the questions and the
generated tests are stored in a database. The definitions that follow present the partic-
ular notions and clarify the terminology used in this paper. The database has four
tables which are basic for the needs of the generator:

— table Questions, which contains fields storing the identification number of the ques-
tion, the statement, the number of choices, the degree of difficulty of the question,
the correct choice(s) and the user who proposed it;

— table Choices, which contains the question identification number, the choice letter
from ,,a* to ,,z* and the choice text;

— table Tests, containing fields storing the identification number of the test, the ques-
tions, the total degree of difficulty of the test, the user who generated it, the genera-
tion timestamp and the generation time. The latter field is used entirely for monitor-
ing and research purposes;

— table Users, containing fields related to the user who uses the generator, such as user
identification number or alias. The table is designed to store user data and has an
organizational purpose.

A detailed perspective on the database tables is presented in Table 1.

Table 1. A detailed perspective of the database structure.

Table Field name Type Values Requirements
Questions question_id int id=0 distinctive
statement text set of cha- -
racters
ditt nt 0=diff<35
choice no int 0<diff <27 -
correct varchar Variable
length-combos
of ‘a’ to ‘2’
user_id int id=0
Choices question_id int id>0 -
choice x varchar {fa’, ‘b7, ‘¢, -
L2
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choice text text set of cha- -
raclers
Tests test id int id=0 distinctive
questions text length = 2 * serialized
[S]! data
total diff int 0 < to- -
tal diff < 5 =
S|
user_id nt id=0 -
timestamp datetime dd:mm:yyyy -
/ H:iis
genera- float seconds -
tion fime
Users user_id int id=0 distinctive
alias text set of cha- -

ractcrs

The structure of the database DBQ containing the tables and the connections be-

tween them is presented in figure 1.

Choices

Question_id *
Choice_x
Choice_text

Questions

Question_id
Statement
Diff
Choice_no

Tests

test_id

Correct

User_id +————

Users

questions
total_diff
user_id
timestamp
generation_time

—— User id

alias

Fig. 1.Visual concept of the database

Specification 1. A question q (id; st; dd; V) is an object formed of the next compo-

nents:

— the identification number of the question id;

— the statement st;

— the degree of difficulty dd, dd € {1, 2, 3, 4, 5};

— choices set V.
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Observations:

The degree of difficulty dd is subjective for each question and it is considered to
be input data given by a human operator. This degree is considered to situate on a
scale from 1 to 5, where 1 is the least difficult and 5 means the most difficult. In order
to normalize the difficulty and cancel to a certain extent the subjectiveness of the ap-
preciation of the difficulty, a short explanation is given to the users.

The set V contains objects structuralizing a choice vi (id; I; cst), i = 1, |V| of the
question, as follows:

¢ question identification number id;

« choice identification particle I. We choose as choice identification letters from
the English alphabet, thus | € {,,a", ,,b", ..., ,,z*}. The number of choices is thus
limited to 27,

 choice statement cst.

Observation:

a) Atest T (S, GD) is a set of questions g, i= 1, |S|, where S is the set of questions
that form the test and GD is the degree of difficulty of the test:

GD = Z.ll"’-l Gad, (1)

Specification 2. Given the database question set Q and the selected test question set
S for a given set of input data, a gene g; is an integer particle and a member of the set

{1, ....1QI} ie{l, ..., |S[}.

Observations:

a) Basically, a gene stores the order number for a question (g is equivalent to qig).
b) |S] is an input data and used in the algorithm.
c) The elements of set S are unknown before the generation, being an output data.

Specification 3. Given the database question set Q, the selected test question set S
at a given state, the population set NC and the desired total degree of difficulty MGD,
a chromosome C is an object formed of:

- order number id, id € {0, ..., INC|};
- thegenesetGj={gi|ie{l,...,|S|} } where G=S;j=1, |NC|;
- the fitness function f defined as follows

() =

1
|}_;|Islg,-—Mt’;!)l (2)
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Observations:

a) G;is equivalent to ga.

b) We can easily observe thatMGD= [|S]|,5x%|S][].

c) The fitness function checks if the sum of the difficulty degrees of each ques-
tion within a chromosome are lower and as close as the value MGD.

d) The chromosome contains the order numbers of questions that form a test. If
we denote the test questions set by T, then T=S = {Gj| i =1, ||}

Proposition 4. Given a chromosome C; (i = 1, [NC|) and random positions a and b
(a, b =1, |S]), the mutation operation is defined as the shift of the genes found on the
positions a and b.

Observation. The mutation has as result the generation of a new chromosome.

Proposition 5. Given two chromosomes C; and Cj and a random position p, the
crossover operation is defined as a succession of steps as follows:

— The two chromosomes are split at the position p.

— The first part of the chromosome C; is combined with the second part of the chro-
mosome C; and the first part of the chromosome C; is combined with the second
part of the chromosome C;.

— Two new chromosomes C;” and C;” are obtained, as follows:

Ci=(gi1, giz, ..., gin-1, gjo, -, gis)  (3)

Ci' = (g, gjz, -, Gir-1, giv, -, gis) (4) Within
the algorithm, the order of the operations is:

Generation of the initial population
Sort of chromosomes based on fitness
Mutation of chromosomes

Crossover of chromosomes

Operations b), c) and d) are repeated for a previously-set number of generations.
The final result is a list of tests from which we store a finite number of tests which
have the highest value of the fitness.

4 Implementation

The implementation was made in the form of a web application. The implementation
was based on Bootstrap framework, used for display and structural components. The
back-end component is based on PHP combined with MySQL used for database stor-
age. The customizable parameters, i.e. the ones which influence the performance of the
final output (the size of the initial population, the mutation rate, the crossover rate) can
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be modified, but they have default values that guarantee a close-to-optimum solution.
Thus, if the user in unaware of the definition of these parameters, he can as well ignore
giving them values. Regardless the situation, the technical details are presented in a
help section.

The main page of the application is shown in Figure 2 (a-d).

5 Kromatine is launched!
Contact ﬁrcmatlne sgudy o ioa G, Yo Can gonerate
Kromatine is sublect for 3 pape 52

My activity

Fig. 2. (a) Main panel of the application

" Degree of aittcutty User Generated on Runtime

At Guastions 1 025 1 0000-00-00 00.00.00 [
2 025 0000-00-00 00.00.00 0

A 3 025 0000-00-00 00.00.00 0

4 025 0000-00-00 00.00.00 0

5 025 0000-00-00 00.00.00 0

6 025 0000-00-00 00.00.00 0

T 025 0000-00-00 00.00.00 0

8 025 0000-00-00 00.00.00 0

9 025 0000-00-00 00.00.00 0

10 025 0000-00-00 00.00.00 0

Testul 1

1) catfac 143

Fig. 2. (b) Activity page.
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Input

The avaitable NUMBEr of qUESHION in the datanase is 12

The number of questions;

The maximum degree of difficulty (MGD):
The number of generations:

Initial population size:

Mutation rate:

Crossover rate:

Fig. 2. (c) Generation form.

Submit question(s)

Humber of questions desired:

Number of choices for each question:

Extend form

Detailed form
tas Question 1

Statement

Vanant O
Variant m}

P4 e

Fig. 2. (d) Submission form.

The application was built of the following components:

— the dashboard, which shows a summary of the user activity;

— the script for proposing questions, consisting in an extended form;

— the page for generating questions, which is the core of the entire application and
where the input data is set;

— the page used for showing the generated tests for a given user, where he can choose
some of the tests generated before.

The visual representation of the application scheme is presented in figure 3.
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Client Server

DATABASE / POOL

login.pl
logout.php W i

AT set conditions |- Ty request
{ UsER } > ;

random

generation

interface

| i add to
| 1 response -
. GUI ;
P L TEST
index.php |
interfuce.php S
L J
T
generation.php

Fig. 3. Visual representation of the application scheme

5 Conclusions

The presented application is basically a core for a future development of an assessment
aid tool for a teacher. The implemented tool can be in this matter included in a long list
of technology-based tool that are used in education, widely developed [12] on different
supports, even mobile [9]. Given the fact that the foundation theory of the problem
relates to NP-completeness, the chosen genetic approach is legitimate due to user re-
quirements. Future work would obviously consist in the development of the existing
tool in directions of functionalities for the user, such as the automatic output of the test
in a desired form (document), and theoretical basic structure, such as adding require-
ments to the fitness function.

The educational process depends on mathematical parameters that technology can
use in order to ease the organisational tasks for the person who is in charge with the
educational process (e.g., the teacher). Also, the technology has implications on the
actual educational process by providing materials that create an interactive learning en-
vironment.
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