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Abstract—ByY the end of the 20th century, the most common and traditional
paper and pencil tests (PBT) were faced with an increasing set of difficulties and
drawbacks. Proceed and meet the measurement and evaluation needs of the 21st
century; it is mandatory to have radical and qualitative changes. The accelerating
pace of technological innovation in Education shows a clear path to computer-
based testing, which offers a more engaging and innovative testing environment,
as well as the ability to obtain instant results and feedback, the use of dynamic,
multimedia learning objects (LO), and the implementation of adaptive, individu-
alized assessment approaches. In this sense, this paper presents an adaptive form-
ative assessment framework in which test adaptation is based on multiple criteria.
The presented system bases its adaptation on the test takers' proficiency, sche-
mata, desirable learning goal, cognitive level, and learning style. The main ob-
jective of this paper is to discuss the value of the adaptive testing system. There-
fore, it presents the design and implementation of the system and the adaptive
rules employed.

Keywords—Adaptive testing, e-Learning, Personalization, Learning Style, In-
telligent Tutoring System.

1 Introduction

Nowadays, in this era of globalization, technological developments have opened up
many electronic learning environment opportunities. As a result, technological ad-
vances have given rise to new approaches to learning and assessing. The latter (assess-
ment) is a crucial factor in determining any learning system's success in evaluating
learning outcomes. Assessment is an essential phase in the learning process that can
influence the way of teaching and learning. In other words, the assessment provides
helpful information to help the student identify what he/she has achieved and what
he/she does not learn and his or her strengths, weaknesses, and misconceptions on the
one hand. On the other hand, the assessment allows the teacher to observe the learning
process's progress and, if necessary, intervene to adjust subsequent learning processes.
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For the reasons mentioned above, adaptive tests instead of classical tests are becoming
a must.

Adaptive assessment systems are commonly referred to as Computerized Adaptive
Testing (CAT) [1]. CAT is recognized as the next generation of assessments [2]. A
CAT is a test delivered by a computer, where the selection of the questions given to the
test candidates and the criterion to stop the test dynamically change according to the
candidate's competence [3]. Computerized Adaptive Testing (CAT), in contrast to the
traditional Paper and Pencil Test (PPT), is a process of test administration in which
each student receives a tailored assessment based on his/her skills and abilities
[11[31[4].

In the literature review, we found various studies discussing the benefits of CAT
[11[5]1[6]1][7]- These studies' principal objective compares the measurement accuracy of
the assessments and assess. The adaptive assessment aims at a reliable and effective
measure of participant’s knowledge level. The main advantage of CAT is that it pro-
vides short tests without presenting non-informative items to the candidate. That way,
the adaptive assessment encourages candidates' motivation and avoids boring them by
presenting tests appropriate to their knowledge level and competence. Thus, an exami-
nee with a higher proficiency receives more difficult questions, unlike another exami-
nee with lower proficiency. The CAT dynamically assesses and updates the candidate's
estimated level of ability after each answer to a question in order to present the next
question most appropriate to her/his ability level [1]. Each learner can start with differ-
ent items, the learners do not receive the same subsets of items, and they can take dif-
ferent numbers of items from the item bank. More specifically, CATs are designed to
adjust the difficulty of items to conform to the student's ability and skill.

In this paper, we first present our personalized and adaptive educational system
called CleverUniversity, where each learner receives appropriate content according to
her/his aptitudes, abilities, and learning style [8]. The current paper emphasizes pre-
senting the adaptive formative assessment framework called CleverTesting, where the
adaptation is based on a set of specific criteria, such as the competency, the pedagogical
goals, the cognitive level, the needs, and the learning style of the test takers. Our system
can be used for two purposes: as a test/items editor for teachers to build their tests with
minimal effort and as an assessment environment for learners to take their formative
tests online.

The remaining of the paper is organized as follows. Section 2 presents related scien-
tific work on adaptive assessment and our contribution. The third section gives some
information about different assessment strategies and introduces the Computerized
Adaptive Testing process. Section 4 gives a general outline of the functioning of our
adaptive e-learning system and its architecture. Section 5 introduces our proposed adap-
tive testing module, its architecture, and the different adaptation rules used. Finally,
section 6 presents our conclusions and the future steps.
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2 Related work

Towards promoting and increasing adaptivity and individualization, many online
learning tools have exploited the opportunities offered by adaptive testing. For exam-
ple, SIETTE [9] is an automatic assessment environment for building and executing
adaptive tests. The system supports different assessment theories, such as Classical Test
Theory and Computer Adaptive Testing. Another study [10] presents an adaptive form-
ative self-assessment framework that considers learners' learning style and their prior
knowledge to customize the assessment task and provide effective specific feedback.
In [11], the authors developed an English adaptive learning system (EALS) with a large
item pool that accommodates varying difficulty levels for English students of different
levels. As a result, each learner takes a personalized test adjusted to his or her profi-
ciency level. Authors in [12] focus their research on mobile adaptive learning or con-
text-aware mobile learning. They proposed an adaptive formative assessment approach
whose main goal is to provide students with a personalized assessment taking into ac-
count their individual needs and contextual information. Furthermore, in [13], the au-
thors present another approach to adaptive evaluation; the authors’ method offers a new
way for students to perform an individualized assessment using a multi-level hierar-
chical selection of items based on their difficulty and discrimination.

Other researchers [2][3][4][14] focus on Item Response Theory (IRT) and how it
can contribute to improving the quality of computer-based adaptive assessment. More
specifically, in [2], the authors proposed a framework for flexible deployment of CAT
systems considering the following criteria: test domain, item selection strategy, and
user interface. The prototype they implemented to demonstrate their approach's feasi-
bility only generates tests consisting of dichotomous items evaluated with the One-Pa-
rameter Logistic model (1PL-IRT model). On the other hand, the authors in [4] devel-
oped an adaptive testing system to assess learners' performance using IRT with the
Four-Parameter Logistic model (4PL). Also, in [3], the team studied the possibility of
integrating an automatic question generation system (AQG) and a computerized adap-
tive testing (CAT) by predetermining the difficulty of the items without the need to
administer them in a pretesting. In 2016, Hoang Tieu Binh [14] proposed to combine
IRT and K-Means to assess learners' ability in an e-learning system to rank their level
in 10 pre-defined groups. A similar system was introduced in [15], where the authors
used the same machine learning approach, namely K-Means. After creating banks of
items, they used the algorithm K-Means to obtain packages or sets of items with the
same characteristics and the same level of difficulty in an automatic way. Other ap-
proaches in adaptive testing involve the use of fuzzy logic to improve the individuali-
zation and adaptivity of electronic assessment. For example, in [16], the authors pre-
sented a framework for creating adaptive tests based on the combination of Bloom's
revised taxonomy cognitive theory and fuzzy logic to provide learners with distinct test
items based on their abilities and learning requirements.

The most important conclusion from the literature review is that adaptive testing is
an active topic for researchers. The proposed techniques aim at improving the effi-
ciency of adaptive tests. However, most of these studies are based on the same princi-
ple: building adaptive items according to their level of difficulty and the student's level
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of knowledge, the better the proficiency, the more challenging the next question will
be. Therefore, we present an adaptive formative assessment system that takes into con-
sideration various criteria, such as the proficiency, the prior knowledge and the learning
style of the learner, the type of exercises, and the pedagogical objectives according to
the cognitive levels defined in Bloom’s Taxonomy of Educational [17]. Our solution
will help teachers understand their learners better and regulate the learning process ac-
cording to their progress to the set goals. Tests and items are coded using the IMS-
Question and Test Interoperability v2.2 specification (IMS-QTI) to ensure interopera-
bility and reuse between various compliant systems [18][19].

3 Theoretical background

3.1  Assessment strategies

Evaluation is central to teaching and learning. What is evaluated defines how it is
learned and how it is taught. According to [20] and [21], three types of assessments can
be found in the educational system: formative, summative, and diagnostic.

Formative assessment. Formative assessment (also known as assessments for learn-
ing) is a process that provides constructive feedback to both student and teacher on a
given item or topic. This feedback helps teachers to detect the comprehension level, the
weak and strong points of each learner. As such, it is usually carried out during the
learning process. By exploiting the feedback, the students can understand the nature of
their mistakes and the difficulties they encounter during the learning process. On the
other hand, this type of assessment allows the instructional program to modify the pro-
gression rhythm to bring eventual improvements or corrections to achieve the set ped-
agogical objectives [22].

Summative assessment. Summative assessment (also known as assessment of
learning): the primary purpose of this type of assessment is a certification goal or a
judgment on the learner’s overall performance [23]. Indeed, the summative assessment
allows the recording, and often grading, of the student’s achievement to the learning
objectives set out in the curriculum. In other words, it is an indicator of the skills ac-
quired. It takes place at the end of a learning process or course and provides a quanti-
tative appreciation, and measures the candidate's progress. Summative assessment en-
ables institutions to make decisions, classify learners to each other within a group, and
enable students to obtain diplomas to move on to a higher level [21].

Diagnostic assessment. Diagnostic assessment (also known as pre-assessments)
identifies learners' needs, skills, prior knowledge, and preconceptions to guide them
towards the most appropriate learning program [23]. Generally undertaken at the be-
ginning of a course, a diagnostic assessment should assess the current student’s
achievement across all relevant abilities, knowledge, and understanding. This type of
assessment measures each learner's prerequisites, allowing the teacher to have a clear
vision of the students' level of skills.

Table 1 presents the main differences between the three types of assessment.
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Table 1. Summary of assessment types.

Diagnostic assessment Formative assessment | Summative assessment
Problem  [What do you know? What are you learning?  |What have you learned?
Function |ldentify prior knowledge, skills, and |Provide feedback and Assess learner learning
misconceptions to provide adequate |monitor instructions. Help [against some standard or
learning. teacher decision-making [benchmark
Timing  |At the beginning of the course, or  |During the instruction pro-|End of unit or course,
when a learner is having difficulties. |cess grading period
Examples |Pre-assessments, observations Quizzes, homework, as-  [Final exams; final pro-
signments, group work ject; term paper

Today, technology has greatly facilitated the production of assessments, but these
tests offer all candidates' exact content regardless of the differences in their proficiency.
For this reason, we have chosen to design an adaptive test production tool using open
specifications to help students assess themselves before an exam.

The following section deals with a theoretical background of the adaptive assessment
systems.

3.2  Computerized Adaptive Test process

Computerized Adaptive Testing (CAT) is an area of research emerging from psy-
chometrics that has been adopted in recent years for summative and formative assess-
ment tasks in e-learning environments. Unlike linear tests, CAT works by adapting a
test to each candidate, question by question, according to their answers and ability level.
If the candidate answers a question correctly, the next question will be more challenging
to get as close as possible to his/her level of competence and vice versa [3]. The process
of administering CAT is illustrated in figure 1 and has the following steps [1][3][24]:

— The test starts with estimating the initial ability level of the candidate. Then, the
computer selects from the item bank the most appropriate item based on the test
taker's current proficiency.

— The selected question is presented to the test taker and answered.

— Based on the response, the candidate’s current proficiency is re-estimated to deter-
mine the next optimal item. Generally, if the candidate gives the correct answer, the
next item will be slightly more complicated than the previous one. On the contrary,
if the answer is incorrect, the next item will be more accessible.

— The last step is to check if the termination criterion has been reached. If not, the
computer selects, administers another item, and the knowledge level is recalculated.
This process is repeated until it reaches a specific termination criterion.
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Fig. 1. Flow diagram of Computerized Adaptive Testing (CAT)

In this way, a CAT procedure consists of four main components: (a) an item pool,
(b) an item selection procedure, (c) an ability estimation method, and (d) a termination
criterion [1][25]. We note that there are various options for each of these elements in
deploying CATSs for a particular purpose [7][26].

— Item pool: or item bank; is a collection of test items with a full range of ability levels.
The key to the success of any adaptive assessment system depends mainly on the
item bank's quality.
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— Item selection procedure: CAT selects the following item to be asked according to
the candidate's estimated level of competence. This improves accuracy and reduces
the length of the test.

— Ability estimation method: Most CATSs utilize Maximum Likelihood Estimation
(MLE) or Bayesian methods to estimate the trait level of the examinee[26][14].

— Termination criterion: In a CAT system, the assessment continues only as long as
necessary for each test taker. To this end, several rules can be used to determine the
end of the assessment, depending on the test's objective. For example, the computer
can end a test if the set number of items is reached or when the learner's level of
knowledge is estimated to be at a statistically acceptable level.

To sum up, there are various components and methods for determining the process
of an adaptive test. These elements can be combined in different ways, depending on
the purpose of the test.

4 Outlines of our DAHS

Our team has implemented in previous works a Dynamic Adaptive Hypermedia Sys-
tem (DAHS) called “CleverUniversity” [8]. This is a personalized and adaptive educa-
tional environment where each learner receives appropriate content according to her/his
aptitudes, abilities, and learning style. CleverUniversity is an individualized framework
based on Felder&Silverman learning style model (FSLSM). According to a recent sur-
vey conducted by [27], the FSLSM is the most frequent model adopted by many intel-
ligent tutoring systems (ITS). FSLSM classifies students' learning styles (LS) in four
dimensions: D1: active/reflective (Act/Ref), D2:sensing/intuitive (Sen/Int), D3:vis-
ual/verbal (Vis/Ver), and D4:sequential/ global (Seq/Glo) [27][28]. The first time learn-
ers use CleverUniversity, they answer a questionnaire called Index of Learning Styles
(ILS) that contains 44 questions to define their preferred learning style. Therefore, ed-
ucation content is generated for the learner according to her/his learning style. The in-
dividualization characteristic of our DHAS derives from this aspect. In other words,
thanks to our intelligent system, each student receives educational resources tailored to
their individual differences. This expert system stores all the learners' actions and traces
to guide them in their learning process and offer them individualized tutoring. By per-
sonalizing learning paths, our system encourages learner motivation and avoids disori-
entation and cognitive overload in learning. Briefly, CleverUniversity supplies what
student needs.

Figure 2 shows the logical architecture of our DHAS. The adaptation model is the
main component responsible for adapting the content. Applying pedagogical rules can
select the appropriate educational concepts according to the learners' specific charac-
teristics, such as their learning style and knowledge level [8]. The learner module pre-
sents the core of any individualized learning by exploiting different information col-
lected about the student, e.g., personal data, knowledge level, pedagogical objectives,
preferred learning style.
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Fig. 2. Logical architecture of CleverUniversity.

We have paid particular attention to implementing flexible and user-friendly inter-
faces to develop our e-learning system, which is based on a three-tier architecture. A 3-
tier architecture is a well-established software application architecture that separates
applications into three logical and physical layers: the presentation layer, the business
logic layer, and the data layer. Our system is based on open technologies. It was devel-
oped in Laravel framework v.8, Vue.js v.3, Bootstrap v.4, Sass. MySql was used for
the database.

5 Adaptive assessment module in our DAHS

5.1  Architecture

In this section, the architecture of our adaptive testing system, CleverTesting, is dis-
cussed in detail. The basic architecture of the CleverTesting module is shown in figure
3. As is seen in this figure, our system is composed of the following components:
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Fig. 3. Architecture of the proposed adaptive testing system.

— Learner model: This component maintains data about the learner's profile. Some of
the information is introduced manually by the learner or the teacher, namely the
learner's identification information, preferences, demographics, pedagogical objec-
tives, and previous knowledge on specific topics. On the other hand, this module
also handles dynamic learner data updated during the learner's interaction with the
system, namely the learner's knowledge level, errors categories, learning style, skills,
performance, results, and test activity data. All of these characteristics are required
as the basis for designing and building adaptive testing.

In general, the student may prefer one learning style for one activity and another
style for a different activity. Thus, our adaptive system is designed to identify each
student's preferred learning style continuously and automatically.

— Domain model: maintains the different learning objects (concepts, questions, exer-
cises, etc.) used in learning created at the most satisfactory level of granularity to
ensure reusability regardless of the format used to create them. A structure with
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nodes and relationships is generally used. Many researchers use ontologies to build
this educative organization [29].

Conceptl -
Topic 1 \

/
‘ -
Course | Questionn

\ Topic n

Fig. 4. Learning objects structure.

Conceptn

In the presented adaptive testing framework, exercise, test, and activity questions are
associated with concepts. As shown in figure 4, the instructional content is organized
by topics, concepts, and sub-concepts. This hierarchical structure allows our system to
relate test items to particular concepts. In other words, at the end of the assessment
activity, the system updates the learner's model with the estimated knowledge level for
the concept related to that activity. This is important from a pedagogical standpoint
because it will help link learners' knowledge to specific concepts.

— Adaptation engine: is the main component of our system that performs the adapta-
tion by applying a collection of item selection rules. This module receives as input
the test items and their associated concepts, the learner's profile data, the rules and
delivers the tests in adaptive mode to the test takers. Once the candidate finishes the
test, the adaptation module updates his or her proper profile with the new knowledge
estimate and presents reports on the tests taken. It also attempts to provide personal-
ized support and feedback to the learner. These deductions are beneficial to both
instructors and students to help them appreciate their accurate skills. For this pur-
pose, the adaptive assessment module consists of three sub-modules: a tutoring mod-
ule, a diagnostic & monitoring module, and an exercise generator.

— Test Editor: is a web application based on a client/server architecture that the user
can access via a web navigator. Our authoring application provides an intuitive and
user-friendly interface to simplify the design of items and tests (figure 5), thus avoid-
ing the technical complications behind the IMS-QTI format [18]. In more detail, the
educator can use this tool to generate new items based on the IMS-QT]I specification
or choose them from the item bank. These assessment objects can be downloaded,
reused, and swapped in an e-learning network. Furthermore, this editor provides im-
port/export items and tests that conform to IMS-QT]I standards. Besides, as seen in
figure 5, authors can specify other supplementary parameters, such as test time limit,
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instructions to candidates, feedback, navigation mode, etc. These metadata corre-
spond to the IMS-QT] specification's specific elements and are helpful to adapt the
testing to the pedagogical objectives better. The educator can further enrich the ques-
tions with multimedia content, such as sounds, pictures, or videos. These multimedia

elements are stored as separate files to be referenced and shared between different
queries.

INTRODUCTION TO LARAVEL
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Fig. 5. The teacher creates a test via a user-friendly editor

Our new “CleverTesting” adaptive testing module will be integrated into our adap-
tive hypermedia system while considering its integration into other community projects
like Moodle. Experiments will follow this phase to improve our platform and evaluate
its effectiveness.

5.2 Adaptation criteria

As mentioned above, our adaptive tool considers several characteristics of the learn-

ers and the desired learning objective, and the type of questions. These criteria are the
following:

— Level of knowledge: It is a crucial criterion for our adaptive assessment system to
determine which test items are most appropriate for the candidate's level of
knowledge. The adaptation engine analyzes the concepts' values to decide which
ones are in the known and unknown range.

— Prior knowledge (schemata): A learner's prior knowledge of specific subjects can
influence their level of knowledge or difficulty level of the items, which should be
involved in the adaptive assessment. This parameter's value can be indicated as none,
low, medium, or very good when initializing a new learner profile. Subsequently,
the system updates the learner's knowledge level during his interaction with his
learning environment.
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— Learning style: As mentioned in section 4, CleverUniversity is an individualized
framework based on Felder&Silverman learning style model (FSLSM). Assessment
activities are generated according to the order of preference of the candidate's learn-
ing style. For example, exercises that contain pictures or graphics will be recom-
mended for candidates with a visual learning style. On the other hand, for a learner
with an auditory learning style, the exercises delivered to him/her should have a
transcribed pronunciation. It is important to note that a learner's learning style may
differ from one task to another. Therefore, an intelligent adaptive system must iden-
tify the most appropriate learning style for each learner.

— Revised Bloom Taxonomy (RBL) level: The RBT framework is used to categorize
statements about what we anticipate or intend learners to learn due to instruction.
The framework was designed to facilitate the exchange of test items between educa-
tional content producers to create item pools that all measure the same educational
objective. This taxonomy helps create adaptive tests. According to RBT, cognitive
objectives are organized into six levels; the first level concerns concepts that are easy
to assimilate with a small degree of reasoning, then the concepts move up the level
of knowledge to complex levels. These six levels are: Remembering, Understanding,
Applying, Analyzing, Evaluating, and Creating [17]. The structure of the cognitive
process dimension of the RBT is shown in table 2.

— Preferences: Learners' preferences relate to the execution environment and its visual
appearance. Graphic design that is reminiscent of the learning domain creates cog-
nitive and affective imprinting that helps the candidate focus on the task. Thus, pref-
erences such as font, colors, images, etc. could be included in the system to make
navigation pleasant and support the assessment activity.

Table 2. The structure of the cognitive process dimension of the RBT

RBT level Characteristics of the level Examples of action verbs

Remember  |Recall and Memorize definitions. Define, memorize, list, label,
Know the basic notions, formulas, and rules. recite

Understand  |Interpret information based on what has been learned. Classify, identify, describe,
Explain or translate facts, procedures, etc. explain, interpret

Apply Use acquired skills and knowledge to solve problems. Apply, demonstrate, solve,
Apply methods and/or theories in new situations. use, execute

Analyze Distinguish, compare, and relate facts and structure of a differentiate, analyze, con-
task or issue. trast, decompose, organize

Detect the parts of material and distinguish how they are re-
lated to each other.

Evaluate Make judgments based on criteria and standards. defend, judge, justify, meas-
ure, validate
Create Generate new ideas or solutions Design, formulate, combine,
Plan strategies. construct

The presented system creates adaptive tests according to the learning objective,
which implies the learner's knowledge level, prior knowledge, learning style, and pref-
erences. These tests include simple "single choice" questions to assess level 1, such as
open-ended questions to assess more complex levels, which require solving a difficult

124 http://www.i-jet.org



Paper—Design of Computerized Adaptive Testing Module into Our Dynamic Adaptive Hypermedia ...

problem or generating new methods and solutions. This system should select the most
appropriate and relevant test item each time, based on the different criteria mentioned
above, to provide personalized assessment activities that aim at a more effective edu-
cational outcome.

6 Conclusion

This paper presents the components and processes of creating an adaptive hyperme-
dia assessment system in which adaptation criteria can be defined to meet different
pedagogical objectives. The objective of this work was to propose an adaptive testing
framework based on multiple learner criteria. Student data is saved in individual pro-
files to adjust the teaching process according to the learner's characteristics. The data
stored in the student profiles vary from demographic data to learning style, knowledge
on specific subjects, and user objectives on the one hand. On the other hand, each ques-
tion is described by several data and metadata such as the title of the question, descrip-
tion, possible answers, type, level of difficulty, educational objective. Based on these
data, the system can apply different criteria to generate personalized tests for each
learner.

This test personalization method's significant advantage is the degree of adaptability
it offers to students and instructors. Instructors can draw on their pedagogical experi-
ence to create tests that are better adjusted to the characteristics of their students and
provide additional tutoring as needed. Learners can build on prior knowledge or current
objectives and are assessed by shorter tests with more focused items.

Our current work focuses on developing our adaptive assessment system; future
work will be evaluated via experimental studies in a real classroom in a specific do-
main.
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