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Abstract — It is no coincidence, that the distance learning
platforms are increasingly used in universities, colleges and
companies offering effective and continuous training of their
employees without constraint of time and space. The effectiveness
of such a learning system depends mainly on the degree of
information assimilated by the learner at the end of training. In
this article, we focus on the conception and implementation of a
system for measuring competence for the computer sciences. This
system uses the model of the item response theory. The results
provided by this system are presented to the student, as a
dashboard. They will allow the teacher or tutor to have the
necessary elements to monitor their learning by identifying the
causes blocking and checking its achievements. This system can
also help to improve the recruitment process of companies using
it in a near-selection process of candidates for jobs.
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I. INTRODUCTION

Evaluation refers to any systematic method based on quiz
questions, tests, investigations and examinations to obtain
information on the learner progress in a learning process [1]. It
is important to clarify the context of evaluations in the
learning process. The development and adoption of the latter
directly affect the method of evaluation. The impact of choice
of the evaluation type is very important and can have direct
consequences on how to structure the course content and
individual learning. In literature, there are several articles
about this topic, but often there is a tendency to translate
classical educational materials into distant learning without
any transformation [2-5]. As a result, evaluation is not
considered as an integral part of the learning activity and one
of its important components, but it is often isolated from it.
The fact that the learner is found alone with his computer and
not in a class, evaluation can transform his hesitant
participation into an engagement with his course. it is going to
inform him about his capacity of assimilation and to guide him
through his training path. It is worth noting that the evaluation
will lose its sense if it is not followed by fast, concise and
focused feedback from the part of teacher or tutor. These
feedbacks are good sources of motivation to accompany the
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learner. As for content, evaluation will help improve
reviewing the ambiguous parts or improve assignments.
Finally, evaluation can provide for tutor or teacher with the
necessary information to supervise the student’s learning
process.

In this paper we describe our computer adaptive
assessment that evaluates learners’ knowledge in a particular
technology field, and observe the evolution of the learner after
a course of online distance learning (E-Learning). This system
can also be used to improve the recruitment of candidates for
employment.

In the following paragraph we will do an overview of the
measuring skills approaches and discuss their limits in
assessment systems in general and adaptive assessment
systems in particular.

II.  SOME MEASURING SKILLS APPROACHES USED IN THE
ASSESSMENT SYSTEMS

There are two measuring skills approaches that are used in
the assessments systems for E-Learning and recruitment
process in companies; these approaches are those based on
traditional assessments and those based on adaptive
assessments.

A. Approach based on traditional assessments

This approach is one of most approaches used in E-
Learning assessments due to its easy implementation.
Traditional assessments such as formative and summative
assessments that focus on the quantitative measurement of
knowledge and skills of the assessee and allow appreciate the
knowledge, skills and progress achieved. These assessments
are mandatory examinations or not, providing a quantitative
score indicating the degree of knowledge and skills of a
candidate [6-9].

B. Approche based on adaptive assessments

There are many types of adaptive assessments used in E-
Learning, for example we cites the two-stage test and adaptive
evaluation based on model of item response theory.
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* The two-stage tests administered initially a test director
for all respondents to obtain a first level skill. Compared
to the result obtained in the test director, a second test is
selected and administered from several options to
increase the accuracy of the results obtained in the first
test [10-12].

* Adaptive assessments based entirely on model of item
response theory (IRT), is based on the results of the IRT
to calculate a priori estimator skill level which is
generally based on the average population, then select
an item based on the preliminary estimator skill level by
maximizing the information using mathematical
methods such as Bayesian maximization a posteriori
(MAP) [13-16]

C. Discussion

The first approach has lot of limitations, because it
concentrates more on the quantitative measurement of
knowledge and skills. In fact it based on the hypothesis that all
learners have the same level of ability in the field concerned
and passed the same items, and therefore each learner required
to respond to items that can be either too easy or too difficult
for him, and this approach also maximizes the chance that the
learner memorizes the items administered, then it can cause
erroneous results.

The second approach is based entirely on model of item
response theory (IRT) that gives good estimates of learners
ability level, but since it is based on complex mathematical
methods that require on the one hand the administration of a
large number of items to achieve significant results that can
cause a decentralization of learners, on the other hand require
a complex implementation.

In this paper we present a new approach to measuring
skills based on adaptive assessments using the model of item
response theory (IRT), but without appeal to mathematical
methods of IRT, these methods are replaced with others for
remedied to the two limits listed below. To present this
approach we begin by describing the learner model of our
system, what is expressed in the following paragraph.

III. LEARNER MODEL FOR ADAPTIVE ASSESSMENT SYSTEM

The learner model is defined by two representations.

* A knowledge representation of the learner in the
evaluated domain.

* A representation of the general information on the
learner as the exercises he has done, how he has made
(reasoning, solving process), the performance of these
exercises, sections of the system selected, the time spent
in each section [16-17].

Our adaptive assessment system models the knowledge
representation of the learner using a hierarchy of concepts;
each concept is associated with a part of the learner’
knowledge in the evaluated domain.

The concepts are interconnected with two relationships fixed
in advance by the tutor of domain:
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* Relationship of pre-requisites that define the
knowledge required to switch from one concept to
another.

* Relationship of order that define the selected
hierarchical order for all concepts of the domain.

For each concept we associate two variables:
* 0Oc;: The learner ability level associated for the concept
i.
* F;: Factor relevance of the concept, it is defined by the
tutor of domain.

The figure below (Figure 1) illustrates the hierarchy of
concepts of our adaptive assessment system.

Concept: e, =7
Elementary of programming Fcl _ I
=

language Java

!

Concept:
Objects and Classes

N

002:?
FCJ: 2

Ocy =7 Concept: Concept: Ocy="7
Fey=3 Ig‘;\;‘;::%r:;iizzf Exceptions Fe,=4
Concept: Hc: =1?
Collections F cs=

Figure 1. Hierarchy of concepts of adaptive assessment system

Each concept consists of several items that will be used in
the adaptive assessment. The following paragraph present the
Item Response Theory (IRT), that is used to characterize the
system items.

IV. ITEM RESPONSE THEORY (IRT)

The item response theory is a set of mathematical models for
probabilistic representation of the characteristics of assessment
items. These characteristics are used to determine the skill level
of a respondent in a test [18].

There are different models in the item response theory, in our
system we chose the one with two parameters noted 2 PL,
which assigns for each item u; tow parameters (b, ¢) with “b” is
the difficulty of the item and “c” is the pseudo-guessing of the
item. The graphical representation of the probability of a
correct response to the item ui(b, c), depending on the ability
level “0”, takes the form shown in the figure below (Figure 2).
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Under these rules the items will be indexed and listed in order

1.0 F ru=1]E
of increasing difficulty as shown in the figure below (Figure 4).

B3 T T T s Item Number | Difficulty Cueszsing |

1 -3 0.5

s | e — 2 -2 .88 049
3 276 0.48

oo 4 _2 B4 0.47

-2 2 - 0 i 2 3 5 2 52 0,46

? B 2.4 0.45

Figure 2. Characteristic curve of the item uj(b, ¢) 7 -2,28 0,44

g 216 0,43

The general formula Characteristic Curve Item (CCI) is: = o L
10 -1,92 041

11 -1.8 0.4

12 -1,68 0.39

l1+c 13 156 0.38

Plu=1]8b,.c) = c+ ——-mmmmm - [19] 14 -1,44 0,37
1+ (8 15 -1.32 0.36

16 -1,2 0,35

17 1,08 0,34

. 18 -0.96 0. 33

In the curve, the parameter “b” denotes the difficulty of the 19 054 032
item, it is equal to the value of 6 for which the probability of 20 0.72 0.31
giving a correct answer is 0.5 it takes a value in the range 21 08 03
[-3 , 3]. The parameter “c” refers to the probability for a 22 -0,48 0.29
respondent to obtain by chance the correct answer to the item; 23 -0,36 0.28
it is equal to the value of the lower asymptote of the item 24 -0,24 027
characteristic curve. 29 0,12 0.26
26 0 0,25

V. CONSTRUCTION OF THE BANK OF ITEMS 27 0,12 0,24

285 0. 24 0.23

As indicated in the section “Learner model for adaptive 29 0.36 0.22
assessment system?” Each concept consists of a number of 30 0.48 0.21
well-defined items, for the implementation of our adaptive 31 0.6 0.2
assessment system, each concept contains 51 items as shown gi g;i 3:112
in the figure below (Figure 3). - U:BE D:‘l =
: 35 1.08 0.16

Conogpt | Conogpt 2 Conogpt 36 1.2 0,15
37 1.32 0,14

38 1,44 0.13

Ul(bl,Cl)cl U|(b|,01)c2 U|(b1,C|)cj 39 1,56 0,12
40 1,68 0,11

e | | Ul Ubycry i1 L -5
43 2.04 0,08

44 216 0.07

45 2 28 0.06

Ustbsiéshs | Usibagsla Usibsys1) 26 24 0.0
47 252 0.04

Figure 3. Example of the bank of items of the adaptive assessement system 45 2.64 0.03
49 276 0.02

For each item of the bank, the two parameters “b: 50 ECE D.01
difficulty of the item” and “c: pseudo-guessing” are pre- 51 3 0

calculated based on the following rules:
* The parameter “b” takes a value in the range [-3 , 3]
* The parameter “c” of the easiest item is equal to 0.5
e The number of items in each concept is noted “M”, for

Figure 4.

Indexing and classification of items in ascending order of difficulty

The following section describes the algorithm of the new

our system “M” is equal to 51. .
measuring competence approach.
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VI.  ALGORITHM OF THE NEW MEASURING COMPETENCE
APPROACH

A. Algorithme

Start
assessment

()

Preliminary test %‘ Choose an initial value of the learner ability level ; 0; @

'

Choose an item from the current coneept (3)
Ui(hhci)ti

l

Asking the item and refrieve the response from the
learner

'

Recalculate the new value of the learner ability level

3)

Choose the next
(10)
concept l

of items

Jther )

managed
coneept ) (9) =

{ax(items)qf

Save the value of the ability level 0 of the concept |
(©)

> Calculate final ability level Oy (11)

End
assessement

Figure 5. Algorithm of the new measuring skills approach

The following section gives details of each step of the
algorithm of the new measuring skills approach.

B. Details of the steps of the algorithm of the new measuring
skills approach

Step (1) is used to administer a preliminary test in the form
of multiple choices for the learner; the sum of the correct
answers is used to classify the learner into one of three levels:
beginner, intermediate and expert.

Step (2) is used to choose the initial value of the learner'
ability level, the table below explains the rule used for
choosing the initial value.

Learner level Initial value of the learner ability
Beginner A value in the range [bjo, bag]
Intermediate A value in the range [by; b3]

Expert A value in the range [bs;, bsy]
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For each learner level, the value of initial ability level is
selected from 11 possible values.

Step (3) is used to choose an item from the current concept
that will be administered to the learner. The choice of this item
is based on the following criteria:

e The item should not be given previously in the
assessment

* The system selects the item with the difficulty
parameter is equal to the learner skill level

Steps (4) and (5) are used to retrieve the response of the
learner to the selected item in the previous step, and depending
on his response, the system re-estimate his skill level, based
on the rules explained in the following figure.

Response of

the learner Re-estimated the level of skill (64+)

to the item
Ui(bisCi)ej

Easyitem  (i.ebi <=bwmoy) | Oy =basui+y
Ot AW e ™ cult ftem (1. b > baey) | Orny=ba-on

wrong answer | 641y = b -up)

With:

e “i”is the index of the selected item in the previous step

*  “Bu.)” is the new value of the learner ability level

*  “buyy is the value of the average difficulty of all items,

for our system “bue,” is equal to 0

* “UI” corresponds to the unit of incrementing

*  “UD” corresponds to the unit of decrementing
The re-estimation formula for the skill level of the concept
being explained by two possible cases:

e If the learner was correctly answered the item

Ui(bi,ci)cj, then his skill level was underestimated then
the system increase his level for the current concept.

e If the learner give a wrong answer to the item
Ui(bi,ci)cj, then his skill level was over-estimated
therefore the system decrease his level for the current
concept.

To determine the two parameters “UI” and “UD” for our

system, they must conform to the following three rules:

* At the end of the assessment, if all learners (beginner,
intermediate or experts) respond correctly to all items,
they must have the same equality of opportunities to
achieve the maximum level of competence set by the
system (0 = 3).

* At the end of the assessment, if all learners (beginner,
intermediate or experts) respond incorrectly to all

have the
to achieve

items, they must same equality of

opportunities the minimum level of
competence set by the system (6 = -3).
» For each concept, the adaptive assessment system sets a

maximum number of items to be administered noted



INTERNATIONAL JOURNAL OF COMPUTERS
DOI: 10.46300/9108.2022.16.2

“N”. For our system, “N” is equal to 10 items for each
concept.
As taking account of these rules, the two parameters Ul
and UD are calculated as follows:
e UI =Roundup (M-K+1/N)
* UD=Round up (K/N)
With K is the index of the first item of the current concept.
Step (6) is used to test the conditions necessary to switch
to another concept:
» If the system has administered the maximum number of
items specified in advance.
* Ifthe time reserved to the assessment is completed
» If the system has administered the first or the last item
of the concept.
If one of these conditions is not satisfied, the system re-starts
from step 3.

Step (7) is used to save the value of the skill level of
current concept for future use.

Steps (8), (9) and (10) are used to test if the adaptive
assessment is reached the end or the system must manage the
items of next concept, based on the order defined in advance
in the learner model.

Step (11) is used to calculate an estimate of the final skill
level Ogp,; the system uses two parameters for each concept
namely the level of competence “Oc;” and factor of relevance
“F;”. The figure below (Figure 5) illustrates the function of

0 final-

Me

1
B (finale) = §Z Beg* F

F =
j=1
Figure 6. Rule calculates the Oﬁnal

Nc is the number of all concepts of domain.

At the end of the assessment, the system uses a matching
based on the tutor experience feedback to link the value of
skill level 05, With the final estimated level of the learner.
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The system provides a list of concepts mastered by the
learner and those that it will provide more effort to raise its
level. The following section describes the implementation of
adaptive evaluation system using the new measuring skills
approach described above.

VIL IMPLEMENTATION OF A COMPUTER ADAPTIVE
ASSESSMENT SYSTEM FOR THE PROGRAMMING LANGUAGE
JAvA

In this section, we propose to present some of our
functionalized system.

A.  Administering itemsto the learner

This feature is available after authentication of the learner
to assess, once the learner is authenticated via the login and
password, an evaluation session is reserved for him and he can
start the assessment of the Java programming language
beginning, with the concept of “Elementary of Java” as shown
in the figure below (Figure 7).

Adaptive assessmen t
MENU

Next Item >

Copyright ©2013

Vison - LabSIV, Al Rig

Figure 7. Administering items to the learner

B. Get the results of the adaptive assessment of the Java

programming language

At the end of the assessment, the system provides the
functionality to view the skill level of the learner, the
administered items, the two units “UD” and “UI” and the
number of items administered. The figure below (Figure 8)
shows the result of the evaluation of the concept of
“FElementary of Java”.

My prafile |

Adaptive assessment
MENU

ELEMENTARY OF P

=kl level
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Final skill level &5, Learner level
A value in the range [b bs] Elementary
A value in the range [bg bag] Beginner
A value in the range [by; bs] Intermediate
A value in the range [bs;, bag) Expert
A value in the range [bs;, bs;] Exceptional S E HnI,

Figure 8. Results of the assessment concept « Elementary of Java »
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C. The courses of some learnersin the adaptive assessment
system.

For these learners, they have a different initial skill level.
In the graphs (9, 10 and 11), the vertical axis corresponds to
the indices of the items administered while the horizontal axis
corresponds to the iterations of the assessments. The green and
red symbols designate a correct or a wrong answer for
administered items.

Green symbol : correct answer | red symbol: wrong answer

Indices of the items

Iterations of the
assessments

—e—0init) =-1,92 10 9 B 7 6 5 4 3 2 1
——8(init) =-1,92 10 16 22 28 33 S a3 8 51
——Binit) =-1,32 15 20 25 2 33 37 a1 a5 49 51
== Binit) =-0,72 20 25 30 En 38 a2 5 50 51
—a—Binit)=-0,72 20 17 14 1 B 5 2 1

o 8(init)=-1,92 10 16 2 28 27 26 32 31 36 35

Figure 9. Course of six beginner learners

Green symbol : correct answer | Red symbol : wrong answer

e
a1 -/
/\-\\//.\=

Indices of the items

Iterations
\ of the
i assessment
1 2 3 2 5 6 7 s 9 10
——8(init) = 0,6 n 18 15 12 9 6 3 1
—e—B(init) =06 n 2 i 35 39 23 47 51
——8(init) =0 2 30 3 36 39 a2 5 a8 51
—s=0(init) = 0,6 31 34 37 40 43 46 49 51
—m-0(init)= 0,6 n 18 15 20 25 30 27 2 2 2

Figure 10. Course of five intermediate learners.
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Green symbol : correct answer | Red symbol : wrong answer

51 %"‘"‘/ﬂ

—

E———

6 Iterations
of the
A assessment

1 2 3 4 5 6 7 8 9 8 10
——6(nit)=072 32 28 2 20 16 12 8 4 1
——6(init)=072 32 35 38 a 44 a7 50 51
——f(ini)=132 37 39 a1 3 45 a7 49 51
—=6(init) = 0,6 2 a3 44 5 46 a7 48 49 50 51
—m-6(init)=084 33 35 i 34 36 38 32 28 30 2

Indices of the items

Figure 11. Course of five experienced learners.

The graphs above show that:

* The course of learners in the assessment depend firstly
of their initial skill levels which vary between (-1.92)
to (+1.92), and secondly of the answers of the items
administered.

* The initial skill level does not directly affect the final
level of the learners, for example two learners (beginner
and expert) having respectively the following skill
levels (-1.92) and (+1.92) in start of evaluation, they
can have at the end of the assessment the maximum
skill level (+3) if they answer correctly to all items.

* The system adapts to each level of learners who pass
the assessment.

VII. CONCLUSION

In this paper, we proposed a measuring skills approach and
its implementation in an adaptive assessment system applied
to the domain of Java programming language.

The first advantage of this approach is the integration of
the notion of unit incrementing and decrementing of index of
the items, which allows the evaluation system to adapt to the
skill level of each learner, whether a beginner or an
intermediate or an expert, while respecting their equality of
opportunities to reach the maximum or minimum level skill
sets by the system.

The second advantage of this approach is the choice of
methods used to re-estimate the level of learners, these
methods are not complex and the results obtained from using
them generates a good adaptability of the system compared to
the levels of learners, and a good estimate of their skills levels.
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The third advantage of this approach is the use of an
average number of items per assessment, which facilitates the
implementation of adaptive assessment system.

The system can be in two different

application domains

implemented

* In an assessment process after an online distance
learning, to accompany the learner to customize their
training path based on the results obtained.

* In the process of selection to improve the recruitment
of candidates in the companies.
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