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Abstract - It has been broadly argued that, in the near
future, the demand for skilled labor will increase whilst that
for routine activities will decrease. In this regard, the need
for making greater investments in education to re-skill
workers and support continuous learning has been invoked
as an essential requirement for preserving people’s
employability.

Digital technology is deemed increasingly necessary to
sustain the educational endeavor, for the possibilities it offers
to make more accessible and low-cost educational
interventions. It allows for the creation of personalized
learning paths and customized digital learning solutions, for
courses to be available to a large attendance of learners, and
for teaching-learning activities to be offered at significantly
reduced cost.

In this article, a learning unit structure designed to
improve adaptive learning is proposed, and mechanisms for
adaptive learning in a smart learning environment are
discussed.

The implemented teaching-learning solution is also
illustrated. This is a preliminary application based on an
approach that combines the teacher experience with learning
analytics.

Keywords - Learning Adaptivity, Learning Analytics,
Learning Unit Structure, Smart Learning Environment.

. INTRODUCTION

Nowadays, an increasing amount of research in the
educational scope focuses on technology that can be used
to increase teaching-learning productivity and efficiency.

In 2020, the COVID-19 pandemic severely impacted on
educational systems worldwide, forcing a transition from
face-to-face teaching to remote teaching-learning and e-
learning. Data from surveys conducted during the resulting
shut down of educational institutions reveals a broad
consensus regarding the positive attributes of the so-called
emergency remote teaching, even if the organization of
remote classes, virtual exams, and the various bureaucratic
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activities proved extremely challenging at the time [1], [2],
[3], [4], [5]. The massive and unprecedented use of
technology in training activities as a result of the outbreak
made the question of how to enhance personalized learning
experiences in a digital environment more topical.

Creating personalized learning paths and customizing
digital learning can allow educators to reach very large
audiences of learners, whilst also reducing the cost of
teaching-learning activities.

Oppermann and Rasher distinguished between learning
adaptivity and learning adaptability [6] referring to
adaptivity to a system that adapts itself according to the
user rather than forcing the users to change its behavior
(adaptability). According to the authors, in learning
systems, the application of adaptivity finds more suitability
than adaptability. Currently, many adaptive learning
platforms are available that promise the application of
adaptive learning for personalizing the learning process,
whilst numerous investigations are being carried out on the
use of adaptive learning in various scopes [7], [8].

Adaptive learning solutions are often based on learning
analytics [9]. The last few years have seen an increased
interest in learning analytics and adaptive learning, since
online and mobile technologies have facilitated access to a
huge wealth of data that can be used to customize the
learning process. The use of analytics in education can
enhance many aspects of the teaching-learning experience.
Data produced by students during training activities can be
used to improve their achievements and proficiency.

The personalization of learning content and modality is
crucial for disadvantaged groups since, usually, teachers
aim their activities to match the needs of the average
student whilst, in reality, a great number of students do not
correspond to this profile. Furthermore, learning analytics
can improve remote teaching-learning, helping teachers to
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identify learners who are insufficiently challenged, bored,
confused, or who are failing to attend [10].

This paper presents an application based on SALM
(Smart Adaptive Learning Model) that results from
research carried out within the scope of two international
projects, DocTDLL (Implementation of Transformative
Digital Learning in Doctoral Program of Pedagogical
Science in Latvia), whose aim is the application of
Transformative Digital Learning to Ph.D. study programs,
and ASL (Adult self-learning: supporting learning
autonomy in a technology-mediated environment), which
is aimed at improving and extending the supply of high-
quality learning opportunities tailored to the needs of
individual low-skilled or low-qualified adults.

Il. RESEARCH OBJECTIVE AND METHODOLOGY

The main research objective lay in defining and
implementing a smart learning environment able to support
adaptive learning processes. According to Huang, Yang, &
Hu (2012) [11], a smart learning environment is based on
technical components that provide learners with
appropriate support (such as guidance, feedback, hints, or
tools) in the right place and at the right time. It should meet
individual learners’ characteristics and needs, which might
be determined by analyzing their learning behavior,
performance, and the online and real-world contexts in
which they are situated.

This research foresees three phases:

1. Analysis of experience in adaptive learning and
learning analytics in order to define the smart
learning environment’s functional structure.

2. Implementation of a preliminary solution based
on structured learning units and the automatic
creation of personalized learning paths

combining teacher learner
behavior.

3. Integration of e-learning and remote learning
with virtual agents, and creation of learner
profiles based on a weighted analysis of their

preferences and achievements.

expertise  and

The methodology adopted was to analyze experiences
gathered in structuring learning units and the SCORM
(Shareable Content Object Reference Model) [12].
Although SCORM presents limitations in ensuring
security, sequencing, and interoperability in the learning
content [13], it is a conceptual reference model in the
creation of learning objects.

At this time, phase 1 and phase 2 have both been
concluded.

A smart learning environment has been defined that
integrates solutions for context-sensitive and customized
learning in order to accelerate and enhance learner
proficiency. Following this, an experimental application
has been implemented to provide learners with individual
learning paths automatically, based on their own
knowledge level and supported with specific options at
different learning stages, e.g. providing low-qualified
learners with additional didactic materials to fill their
knowledge gaps.

I1l.  SALM FUNCTIONAL STRUCTURE

SALM is inspired by the principles of adaptive learning
[14], namely the delivery of custom training through just-
in-time feedback, pathways, and resources.

Fig. 1 shows the functional structure of SALM [15].
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SOFTWARE LIBRARY

TEACHER

USER PROFILE k
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LEARNING UNITS R
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Fig. 1. SALM functional structure (own source)
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The main components of SALM are:

Management subsystem that encompasses
functions to support:
o interaction between learners and
teachers;
interaction among learners;
building of user profiles;
building of learning units;
organization of customized learning
path;
filtering of resources according to
learner profiles;
o evaluation of learning retention;
o analysis of learning resources to create
ontologies.
Software library, which includes programs and
algorithms to:
o perform intelligent searches on the web
according to learner profiles;
o make inferences to select learning
resources according to user profiles;
o0 calculate the learning rate;
0 evaluate the learner status.
Profile subsystem, which contains the profiles of
users, recorded as the result of an analysis of their
activity.
Resources subsystem, which is divided into
integrative learning materials and web-based
learning resources. The former includes lectures
and didactic materials such as course notes,
slideware, study guides, self-assessment
questionnaires, etc. The latter includes web
searches, such as links to didactic objects,
websites, articles, audio/video objects, etc.

O 0O0Oo

o

Trainers prepare learning units, but learners have the
possibility to add new learning resources gathered from

their own activity on the web. These resources are listed
under the see also section of a learning unit.

In the SALM model, the structure of learning units
plays a crucial role, since a significant degree of adaptive
learning performance depends on how learning units have
been created [16].

IV. SALM STRUCTURED LEARNING UNITS

Learning units are objects comprising various
multimedia components (Fig. 2):

Learning objects;
Questions;

Chat;

Forum;

Integrative materials;
Final test.

Each learning unit contains a header with the following
data:

e Name of the author (5s);

e Organization (name of the author’s
organization);

Date of creation (derived automatically);

Date of the last update (derived automatically);
Title;

Summary;

Keywords;

Expected achievement;

Prerequisites (knowledge that a learner should
pOssess).

Learning objects are the basic learning items/resources
of a learning unit, and can be figured as the bricks ina Lego
construction.

Learning unit

. - ;
, l ! l
Forum Chat Questions Learning objects
1 + l { Contents
Exercises Examples
Multimedi
Links ultimedia
objects

Test

Integrative |~
materials

Fig. 2. A learning unit structure (own source)
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Learning objects have been described in literature in
many different ways, depending on the background of the
author and their application context [17]. They are
addressed variously as learning objects, information
objects, instructional objects, educational objects, content
objects, media objects, knowledge objects, and so on.
However they are defined, the key element that is
emphasized is their reusability:

e Adigital resource that can be reused to support
learning [18].

e Any entity, digital or non-digital, that may be
used for learning, education, or training [19].

e Asmall piece of learning material (e.g.
visualization, video clip, animation, interactive
simulation, interactive exercises) that is a
reusable, compact, and unitary entity [20].

In SALM learning objects are:

1. Contents (multimedia objects and links)
2. Examples
3. Exercises

Contents can include:

o links to integrative materials, namely learning
objects that a teacher creates for or associates to
a learning unit;

o embedded multimedia objects, such as video,

schemes, pools, etc.

Integrative learning materials play a crucial role in the
SALM adaptive teaching-learning solution. They
correspond to the learning materials that the teacher didn’t
include in a learning unit but deem essential to
understanding it. Usually, these materials refer to
definitions, general principles, theories, etc., that a skilled
learner should know or should be able to find by consulting
a dictionary, an encyclopedia, or the web.

Integrative learning materials include:

o pre-knowledge needed for the learning unit
contents;

e supplementary readings, examples, and exercises.
Due to its nature, the same integrative material can be
associated to more than one learning unit.
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V.  THE TEACHING LEARNING SOLUTION

A pre-determined but flexible teaching strategy has
been adopted. The teacher defines the initial decision tree
that can then be dynamically changed leveraging the
individual student data.

A two-step teaching-learning solution has been
implemented to support learners who might have difficulty
accessing these notions and/or selecting the right source.
The first step consists in the creation of the initial set of
integrative materials. The teacher defines and prepares the
materials that should be part of a learning unit. These can
be accessed through links that are included in learning
object content in the event that a learner has difficulty
understanding something. First, the teacher defines some
questions for testing the level of knowledge of a learner.
Then, based on the learner responses, the learning unit is
generated, assembling the learning objects and adding the
integrative materials, corresponding to the knowledge gaps
identified through the teacher questions.

Examples of initial questions for a learning unit
concerning “Internet searching” might be:

e Do you know the difference between an internet
browser and an internet search engine?
e Do you know the difference between e-marketing
and e-commerce?
e Do you know the history of the internet?
e Do you know the basic functioning of a
computer?
¢ Do you know something more about information
retrieval?
The teacher can create integrative materials, such as:
e  Browser definition
e Most popular browsers
e Search engine definition
e Bio of Tim Berners-Lee
o  WWW definition
e What a network is
e History of the internet
o
Fig. 3 shows the integrative materials associated with
the question “Do you know the difference between an
internet browser and an internet search engine?”
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Fig. 3. Integrative materials associated to a question

The same integrative materials can be associated to
various different learning units.

The second step consists in improving the integrative
materials, analyzing learner behavior. Learners are
regularly asked to evaluate their learning process (e.g.
every two hours of connection). Their responses, as well as
the length of time they have spent on learning objects, are
presented in a dashboard visible to the teacher, who uses
the information to improve the integrative materials.

Examples of questions are as follows:

e Did this learning object satisfy your
expectations? (Not at all, Slightly, Fair, Very,
Extremely)

e How do you evaluate the topicality of this
learning object? (Very poor, Scant, Adequate,
Good, Very good)

e How do you evaluate the learning object
examples? (Very poor, Scant, Adequate, Good,
Very good)

e How do you evaluate the learning object
exercise? (Very poor, Scant, Adequate, Good,
Very good)

A Likert scale is used for the learner evaluation.

Learners can also post comments and suggestions in
forums and chat. Their posts are analyzed, and the results
are presented in the teacher dashboard. The teacher uses all
the information coming from learners to refine the learning
units by improving the learning objects.

This second step can be iterated.

The solution has been implemented for the smart
learning environment of the ASL project. The six project
partners from five countries (Turkey, Latvia, Italy, Poland,
and Greece) will use it to train lowly-qualified learners on
basic and advanced notions related to digital technologies.

Each partner will organize two training courses. In the
first, teachers will implement the first step of the solution,
using the results obtained to then refine the second training
course.
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VI.

The next main development will be the integration of
adaptive learning functions in remote learning activities.
The possibility of developing a collaborative group
activity aimed at creating integrative materials will be
investigated. Small groups of learners could use the
internet to research for pre-knowledge materials as well as
other information able to facilitate the learning process and
the achievement of the learning objectives.

FURTHER DEVELOPMENTS

Free brainstorming tools could be experimented and
integrated into the smart learning environment [21], [22].

Moreover, agents to analyze the forum and chat activities
should be implemented to identify the learners’
preferences and learning difficulties.

The idea is to design and develop a dashboard to help a
teacher improve the learning units and their remote
learning activities.

For this purpose, learning analytics will be used to create
and update a set of learner profiles based on the learners’
behavior [23], [24]. A weight that expresses the learner’s
preference and difficulty will be associated with each
learning content.

The next step foresees the possibility of using Bayesian
inference to implement an algorithm to automatically
refine personalized learning paths [25], [26], [27].

An algorithm will be developed to identify the best learner
profile based on a preliminary test before starting the e-
learning course. The hypothesis is to use a Bayesian-based
algorithm, since it should enable the association of a
learner to a particular profile. If the learner’s status
corresponds to the likelihood of a particular profile, and
there is other evidence, e.g. learner actions, supporting that
probability, then the learner can be associated to a specific
profile.

Indeed, the Bayes theorem describes the probability of an
event, based on a prior knowledge of conditions that might
be related to the event. It is expressed as:
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P(B| A)P(A)

P(B)
where P(A) and P(B) are independent probabilities of
event A (learner profile) and B (learner status)
respectively, and P(A/B) is the probability of observing A
(learner profile), given the event B (learner status) has
happened.

P(A|B) =

In SALM, we aim to infer the parameters (6) of our model
as:

P(0/D) =[P (DI ) . P(6)] /P(D)

where P(6) is the prior belief; P(D/6) is the likelihood of
data D, given that @ is observed or true; and P(D) is a
normalizing constant.

VII.

For a long time, most of the popular digital platforms were
generally conceived in terms of content distribution
systems, with little thought given to the interests or
immediate reactions of singular learners in the virtual
classroom.

The COVID-19 outbreak forced the creation of more
interactive learning environments and experimental
solutions that facilitate personalized teaching-learning.

CONCLUSION

This paper has presented a solution aimed at combining
automatic and mediated adaptive learning. It results from
research carried out on digital transformative learning
focusing on smart learning environments that can support
easy, engaged, and productive learning.

At this time, a solution has been implemented based on
structured learning units and a pre-determined but flexible
teaching strategy. It will be adopted for the training
activity of the EU ASL project.
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