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Abstract—Online learning has been growing continuously in the last decade, 
accelerated by the pandemic Coronavirus, in order to offer learners new possi-
bilities for learning and to guarantee pedagogical continuity. But some aspects, 
including the learning assessment, are still in development and require profound 
changes to meet the demands of the 21st century. However, by taking advan-
tage of artificial intelligence techniques and new learning theories, it would be 
possible to create an assessment system in accordance with the active learning 
approach. This paper illustrates the models, algorithms and design used to create 
a formative and summative assessment system that will be mobilized to evaluate 
learner’s knowledge, skills and competencies.
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1	 Introduction

ICTs and E-learning are becoming more and more integrated in education and train-
ing process. This integration is accelerated by the COVID-19 pandemic. Digital tech-
nologies make teaching and learning process available and disregards time restrictions 
or geographic proximity, permits liberating interactions between learners and teachers 
or among learners [1], [2].

There are numerous commercial and open source e-learning platforms with vari-
ous functionalities and services. Despite these technological advances, certain aspects, 
including learning assessment, are still in the classic test format. Assessment remains 
central and is an integral part of any teaching and learning situation [3]–[5]. In an online 
situation, the assessment becomes a complex, even complicated, and time-consuming 
process because of the temporal and spatial distances that separate the pedagogical staff 
and the learner [6], [7]. Teachers will be invited to mobilize more effort into developing 
assessment activities and providing effective feedback.
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Competency-based assessment is still insufficiently implemented or even not 
addressed [8]–[12]. In most e-learning platforms, the assessment process is primarily 
oriented to verify knowledge acquisition. For this, we are invited to rethink the way we 
design the assessment process so that it is able to meet the demands of the 21st century 
skills [13] and reflect learner’s competencies.

In this contribution, we will describe a model of formative and summative online 
learning assessment adapted to the competency-based approach. This article will also 
be an opportunity to report the main results in terms of pedagogical and ergonomic 
relevance following the implementation of this model.

2	 Competency-based assessment

In terms of pedagogical design and practice, most education systems adopt the com-
petencies-based approach as a framework of reference for all educational and training 
practice [12]. This approach pushes the educational actor to adopt active, efficient and 
learner-centered methods, in order to promote his/her autonomy and facilitate his/her 
social and economic integration. The constructivist, socio-cognitivist and connectiv-
ist conception are the three theoretical frameworks that best meet these requirements 
[14], [15]. In fact, competency-based assessment is a complex process, which inherits 
its complexity from assessment using complex situations that confront the learner with 
the unexpected and lead him to produce unfinished and complex responses [16].

We are facing a profound educational change, the shift from a pedagogical para-
digm oriented teaching to a paradigm focused on the activity of the learner [17]. In 
this reflection: (1) the participation of learners in a so-called “authentic” assessment 
becomes a source of meaningful learning. In this sense, Laveault asserts the importance 
of tolerating “asymmetric” training forms where all the students do not learn the same 
content at the same time [18], (2) the ways of conceptualizing evaluation are diversify-
ing and becoming more precise according to the pedagogical and didactic conception 
of learning and the content to be taught [19]–[21], (3) learning assessment must be 
included in any pedagogical and didactic act while mobilizing its formative dimension. 
Simply reducing evaluation to a figure form cannot fully encapsulate its complexity, 
and (4) the gradual rejection of the behaviorist conception, which privileges evaluation 
methods whose goal is to increase learner’s performance responding to fixed objec-
tives, becomes a necessity to promote in-depth learning [16], [22], [23]. Throughout 
the design process of our authoring system, we have tried to respect the principles of 
this reflection.

3	 Assessment in a digital learning environment

Assessment is a fundamental and determining aspect in any teaching-learning pro-
cess [24]. It is the only way to better understand the learners’ knowledge and competen-
cies [3], [25]. This is particularly true in the case of online learning.
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Communication that exists in a face-to-face classroom does not occur in an online 
classroom [26], [27]. For this reason, the learner in a such learning environment needs 
special attention in order to take into consideration his/her real needs in the choice of 
learning situations and feedback. According to Charles Juwah [28], assessment must : 
(1) Be motivating for learners, (2) Encourage sustained learning activity, (3) Contrib-
ute to learner progress and achievement, and (4) Be low in terms of human efforts and 
easily maintainable.

It is generally accepted that the types of assessment in an online learning environ-
ment aim at detecting and assessing the quality of learner’s interactions [29], whose 
main goal remains to motivate learners and facilitate their learning process [30]. Refer-
enced practices in these types of environment cover the main classic assessment cate-
gories (prognostic, diagnostic, formative and summative) [31], [32].

Online assessment, as a learning process, should provide activities that facilitate 
self-assessment, self-regulation, peer assessment and learner autonomy [33]. For this, 
tools and methods of assessment can be very different. Arend, in [34], has reviewed 
60 online courses, Which allows him to identify assessment methods and tools that 
include online discussions, tests, written assignments, projects, quizzes, presentations 
and e-portfolios [8], [35].

We distinguish two types of tools or authoring systems for creating assessment activ-
ities: those based on a pedagogical approach and those based on a performance oriented 
[36]. The first category focuses on how to cut out and teach content to facilitate the 
learning process. While the second category is mainly interested in the teaching-learn-
ing environment so that it can be relatively rich, in which learners can learn knowledge 
by practicing them and receiving feedback [37].

4	 A formal model of competency-based assessment

Traditional assessment generally aims to verify the knowledge acquisition degree 
through objective tests. However, In active pedagogical vision, the assessment goal 
is oriented to verify competencies development, by mobilizing criteria and indicators 
linked to projects, productions, simulations or e-portfolios [38]. In this sense, each 
competency is verified by a test which includes a set of weighted elements. In the same 
way, to provide appropriate feedback, the test uses an assessment grid-based criteria 
and rules.

Through Figure 1 below, we have tried to highlight the different elements and com-
ponents of the proposal model.
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Fig. 1. A formal model of online competency-based assessment (OCBA model)

In the OCBA model, each learner is characterized by a competency profile [8] and 
may engage to take an assessment to validate, verify and gauge the level of his compe-
tency development and knowledge acquired. An assessment therefore remains the proof 
to examine the students’ progression in the development of one or more competencies.

Each assessment is made up of one or more questions (exercises). Each question 
has a weight. The weight is the number of points that will be added to the final score, 
in order to calculate competency acquisition degree. In this case, the exercise plays the 
role of mastery indicator of one or more criteria. Each response to a question can have 
feedback for both correct and incorrect answers.

A competency can be linked to one or more assessment test. In this assessment learn-
ing process, the validation level is determined by the teacher or tutor. In this model, we 
have tried to reduce the complexity of the competency-based assessment.
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5	 The OCBA platform

The present OCBA platform admits a triple function: (1) assessment activities 
creation and edition, (2) assessment process visualization and simulation in order to 
make the necessary adjustments (internal evaluation), and (3) publishing, exporting or 
archiving assessment. Figure 2 is a simplified flowchart illustrating the major algorithm 
steps for creating assessment activities.

Fig. 2. Creating assessment activities algorithm

Point 2 concerns the initialization of the assessment process. Its main goal is to 
determine intended competencies. Each teacher or tutor in charge identifies the compe-
tencies to be assessed through the OCBA platform.
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In point 3, the teacher can make suitable pedagogical configuration regarding the 
content unit’s design and according to his teaching choices and learners need. In fact, in 
point 4, teachers can create a competency-based assessment or simply create a classic 
assessment activities.

In point 5, teacher must add correction criteria and indicators. Each competency is 
split up into a series of criteria and each criterion will be verified using some indicators.

Figure 3 shows the assessment process followed by the learner.

Fig. 3. Learner assessment algorithm

After a double identity check (classic method and using facial recognition) and test 
presentation, point 3 concerns the initialization of the learner’s model with the main 
goal of estimating an initial learner’s competency acquisition level. In point 4, the sys-
tem aims to select the optimal question taking into account:
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•	 Difficulty index: indicates the proportion of learners who got item right. Called Pi 
index or item difficulty.

	
Pi n

Nindex = ,
	

(1)
 

where:  (1) Pi index = difficulty index, (2) n = number of the learners selecting item 
correctly, and (3) N = total number of items who answered the test.

•	 Discrimination index (DI): refers to the ability of an item to differentiate among 
learner on the basis of how well they know the material being tested. In fact, it is a 
variant of the Pearson correlation coefficient.

	
DI rpbis( ) � �

�
( ) ,H L
N

2
	

(2)

where: (1) H = Number of correct answer in high group, (2) L = Number of correct 
answer in low group, and (3) N = Total number of students in both groups.

•	 Cognitive Level is based on a modified version of Bloom’s taxonomy. For ease of 
classification, the six cognitive domains described by Bloom’s taxonomy (Knowl-
edge, Comprehension, Application, Analysis, Synthesis, and Evaluation) have been 
collapsed into four: (1) knowledge including assessment activities (questions, exer-
cises, situations …) that emphasize the remembering of ideas, material, or phenom-
ena, (2) understanding refers to assessment activities that are carried out to verify 
if learner is able to translate, interpret or extrapolate, (3) application requires the 
learner to apply theory, principle, idea or method to a new situation, and (4) higher 
Mental Processes include assessment activities related to analysis, synthesis, and 
evaluation processes.

In point 6, the OCBA system mobilizes three correction strategies depending 
on the type of question: (1) Automatic correction in the case of closed question, 
(2) Semi-automatic correction for project exercise. The system allows the teacher to 
consult the learner’s response and to check off the indicators present in his/her work, 
while displaying the following information: competency acquisition level, learner 
achievement level, competency validated or not and real time score in the form of 
badges and points, and (3) Self-assessment: Learners are provided with self-assess-
ment forms to reflect on their own projects. They can check off the indicators and 
see their results synchronously and automatically. This assessment method helps learn-
ers to understand the assessment process and to develop their transversal and disci-
plinary skills. In this sense, several researchers claim that self-assessment increases 
the involvement, independence, assertiveness degree and improves learners thinking 
process [25], [39]–[41]. In addition, the self-assessment allows the teacher to save time 
and quickly assign badges or skill points [38].

For the stopping rule, in point 8, a threshold value of competency acquisition level 
(AL) is used as a validation criterion. In the situation of non-validation, a time-limit 
and a number of items are fixed in advance. As long as the stopping rule is not verified, 
a new item is selected and administered [42].
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6	 Results and discussion

Two types of information concern the educational software evaluation, one pedagog-
ical [43] and the other ergonomic [44]. Indeed, the objective of this quality evaluation 
was twofold. On the one hand, check the pedagogical relevance of the authoring sys-
tem, which verified via pedagogical staff feedback concerning the structure, quality and 
consistency and services provided by the application. On the other hand, examining the 
ergonomic quality especially usability of the features and services provided (compe-
tency management, creation of tests and projects, correction process, etc.).

Several practical tests and simulations were carried out in order to determine the 
effectiveness of the proposed model. The purpose of these experiments was to produce 
assessment activities on a theme that the participants, 20 teachers and 11 pedagogical 
inspectors, choose with reference to school curricula.

After this pedagogical experience, we used an opinion grid that contains closed, 
semi-closed and open questions allowing us to collect data concerning the two dimen-
sions targeted by this quality evaluation process. Figures 4 and 5 show the feedback 
expressed.

Fig. 4. Pedagogical relevance of OCBA sytem

The Figure 4 below shows that the pedagogical satisfaction for all the proposed 
activities presents a homogeneous distribution with an average of 75.20% and a disper-
sion of 0.05. Teachers and pedagogical inspectors generally appreciated the pedagogi-
cal quality of the activities offered. They confirmed the effectiveness of the educational 
structure adopted by the OCBA authoring system (Avg = 84%) as well as the consis-
tency of the design with the vision of the competency-based approach (Avg = 83%) in 
fact, 71% state that the elements taken into account by each of the proposed evaluation 
activities are largely sufficient.
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The relevance of the correction process for learning projects ranks slightly above 
70% satisfaction. Likewise, 64.52% consider that the correction data generated auto-
matically by the authoring system is broadly sufficient.

Fig. 5. Ergonomic quality of OCBA system

Reading the figure above, we observe that only half of the pedagogical actors 
expressed a high degree of satisfaction with the main menu structure (Avg = 51.61%). 
In addition, 35.48% believe that this structuring needs to be improved. On the other 
hand, 12.90% moderately disagree with the main menu organization. These perceptions 
are logical and understandable because we have not given much attention to the main 
menu ergonomics, since our authoring system is intended to be integrated into another 
platform.

However, almost all of the respondents confirmed the readability of the content 
(assessment activities, feedbacks, corrections, etc.) and its ability to adapt to the visi-
tor’s screen (Avg = 90.32%). Along with this readability satisfaction, it is interesting to 
observe that 80.65% of the experimenters did not have difficulty to using the function-
alities and services provided by the OCBA system.

7	 Conclusion

The quality of online learning can be enhanced by adapting the content, assessment 
process and learning resources to the principles of active learning pedagogies—thus 
promoting meaningful learning. In this sense, we have tried to model and develop an 
online authoring system for formative and summative assessment, whose main objec-
tive is to facilitate the process of creating competency-oriented assessment activities.

The experimentation of this authoring system by pedagogical experts has proven, on 
the one hand, its pedagogical and ergonomic relevance. On the other hand, it allowed 
us to determine the dimensions to be improved. As a result, we are now planning to 
improve our OCBA system by adding the following functionalities and modules: 
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1) Peer assessment in order to give learners the possibility to receive peers’ feedback, as 
to their production or performance, and 2) Improving the feedback process by enriching 
it with various resources such as images, videos and links.
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