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أستاذ ورئيس قسم تكنولوجيا التعليم والمعلومات
عميد كلية البنات لآلداب والعلوم والتربية المكلف  ،جامعة عين شمس
أمين لجنة ترقيات أعضاء ھيئة التدريس بالمجلس األعلى للجامعات
أمين الجمعية المصرية لتكنولوجيا التعليم
حاصل على جائزة الدولة التشجيعية في العلوم االجتماعية 2014
مسئول نشاط التعليم المفتوح بمشروع التطوير المستمر والتأھيل لالعتماد  CIQAPبالكلية ،في
الفترة من .2011 -2009
عضو لجان تحكيم المقررات اإللكترونية ،بالمركز القومي للتعليم اإللكتروني ،التابع للمجلس األعلى
للجامعات.
عضو لجنة تحكيم البحوث والمشروعات البحثية بجامعة المنصورة
ناقش ) (110رسالة دكتوراه و ماجستير
اشرف على ) (33رسالة دكتوراه و ) (42ماجستير
حضر  37مؤتمر محلي ودولي
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History of Adaptive Instructional Systems
Adaptive instruction has a long history and has been implemented in
various forms and settings:
 Individual student’s needs and abilities (since the fourth century B.C.).
 Adaptive tutoring was the common instructional method until the mid-1800.
 After graded systems were adopted, the importance of adapting instruction to

individual needs was continuously emphasized (Dewey, 1902; Thorndike ,
1911; Cronbach , 1957).
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Thorndike

Cronbach

History of Adaptive Instructional Systems

 Since then, various approaches and methods have been

proposed to provide adaptive instruction to individually
different students.
 Until the 1980s that computer technology wasn’t identified
as an adaptive learning technology.
 These efforts were expanded in the 1990s when the
emergence of interactive hypermedia.

Concept of Adaptive eLearning
There are three terms (adaptation, adaptive
and adaptable) used with interchange in
this field, but they are not the same:
■ Adaptation is “a process or strategy for
generating better-performing solutions to
a problem by reducing the initial
uncertainty about the environment via
feedback information made available
during the evaluation of particular
solutions” (DeJong, 1975, p. 5).
Adaptation has two levels: adaptive or
adaptivity and adaptable or adaptability:

Concept of Adaptive eLearning

(1) Adaptive or Adaptivity: Adaptivity refers to the capability of a
system to alter its presentation according to the student
characteristics automatically. Systems that can adapt automatically
to the users based on the system’s assumptions about user
characteristics are called adaptive.
(2) Adaptable or Adaptability: Adaptability refers to the capability of
the system to support user modification. Systems that allow the user
to make changes certain parameters and adapt their behavior
accordingly are called adaptable. In designing the adaptive elearning system, it is important to balance between these two levels
of adaptation.

Adaptive eLearning Cycle
(Shute

& Zapata-Rivera, 2007, p. 9)

Adaptive eLearning Cycle
(Sonwalker, 2005, p. 2)

Student’s Flow in Adaptive eLearning Environments

The Need of Adaptive e-Learning
 Personalized learning services are a key point in the field of

online learning as there is no fixed learning path which is
appropriate for all learners. However, traditional learning
systems ignore these services requirements and deliver the
same learning content to all learners.
 E-learning courses are designed based on “One Content-Fits
All”, this is not true, because there are individual differences
between students in abilities, cultures, backgrounds,
preferences, and learning styles.
 Adaptive systems can be more efficient, more effective, and/or
more user-friendly compared to their non-adaptive
counterparts.

Goals and Benefits of adaptive e-Learning
● Delivering the right content, to the right person, at
the proper time.
● Presenting educational framework supporting
flexible instructional variations.
● Providing instructional pathways that can
accommodate learning styles and learning
strategies.
● Monitoring educational processes, generating
reports and providing guidance more effectively.
● Providing contentious intelligent feedback.

Categories of adaptation in e-Learning
environments
1. Adaptive interaction.
2. Adaptive course delivery.
3. Content discovery and
assembly.
4. Adaptive collaboration.

Standards of adaptive
e-Learning (Wolf, 2007)
A. Requirements for learning content
(A1) Defining different types of assets (e.g. text, picture, audio, video, a hyperlink or even a link to a
knowledge domain or concept).
(A2) Supporting different types of learning objects (e.g. content, exercises, examination, etc. and any
combination of these types).
(A3) Providing different levels of detail for a learning object (e.g. to address different levels and types
of learning objectives).
(A4) Separating content and presentation for a learning object and offering different visual
representation variants (e.g. for a certain device, browser or bandwidth)
(A5) Creating a learning object through aggregation of different assets.
(A6) Modeling knowledge domains and their concepts including overlapping domains or concepts.
(A7) Modeling contexts and their situations including overlapping contexts and tasks
(A8) Modeling tuples of concepts and situations and dependencies between them, regarding the
prevention of a dependency loop.
(A9) Mapping a learning object to concepts of domains and contextual situations.

Standards of adaptive e-Learning
B. Pedagogical requirements
(B1) Defining static and dynamic information attributes of a
learner.
(B2) Providing management (like storage, deletion or update) of
attributes in real-time.
(B3) Supporting an enhanced learner tracking and modeling
(e.g. observing the learning process, the paths through the
courses, all learning objects and assets.
(B4) Mapping a learning object to a learner’s characteristics.

Standards of adaptive e-Learning
C. Didactical requirements
(C1) Allowing to change the order of the instructional sequence.
(C2) Providing different types to sequence instructions (e.g.
linear, conditional branches, loops, etc.).
(C3) Allowing the insertion of instructions into the instructional
sequence.
(C4) Defining pre and post-conditions for instructions.
(C5) Assessing mastery level of learners applying adequate
activities (e.g. quizzes, submission tasks, etc.).
(C6) Mapping instructional sequences to learning objectives (e.g.
didactical strategies).
(C7) Mapping instructional sequences to pedagogical states
(e.g. learning units suitable for different learning styles).

Standards of adaptive e-Learning

D. Didactical requirements
(D1) Defining rules observing pedagogical and
didactical states and models (A6-A9, B1-B4, C4-C5)
and triggering adaptation of instructions (A1-A5).
(D2) Defining rules observing pedagogical and
didactical states and models (A6-A9, B1-B4, C4-C5)
and triggering adaptation of the instructional
sequence (C1-C2).
(D3) Defining rules observing pedagogical and
didactical states and models (A6-A9, B1-B4, C4-C5)
and triggering the insertion of new instructions (C3).

Framework of Adaptive System Components
There are three common content-based matching approaches:
Stereotypes (Based on certain variables ), overlay model (continually
measured and remodeled) and combination model (stereotype and
the overlay model) (Wolf, 2007, p.78)

Four common models in ALEs (Brusilovsky, 2003)
1. Domain Model: representation of the course being
offered.
2. Learner Model: information, collected implicitly,
explicitly or in a combined, about the user learning
styles, prior knowledge, instructional goals,
performance, emotions ...)
3. Group models: capture the characteristics of
groups of users / learners.
4. Adaptation model: defines what can be adapted,
when and how it is to be adapted (rules and logical
relationships)

Approaches of adaptive e-Learning
1. Macro-adaptive approach:
on a macro-level by allowing different alternatives in selecting a few
main components such as learning objectives, levels of detail,
delivery system, etc. on the basis of the student’s learning goals,
general abilities and achievement levels (1960s-1980s): Keller’s
Personalized System of Instruction (PSI), Individually Prescribed
Instructional System (IPI).

2. Aptitude-treatment interaction approach:
based on aptitude–treatment interactions (ATIs) (Cronbach &Snow,
1977). Learner characteristics: intellectual abilities, cognitive styles,
learning styles, prior knowledge, anxiety, achievement motivation
and self-efficiency.

Approaches of adaptive e-Learning

3. Micro-adaptive approach:
on a micro level by diagnosing the student’s specific learning needs
during instruction and providing instructional prescriptions for these
needs (on-task measures), like one-on-one tutoring. two main
processes: (1)diagnostic process assessing learner characteristics,
(2) prescriptive process optimizing the interaction between the
learner and the task by automatically.

4. Constructivistic-collaborative approach:
This approach focuses on modern aspects about how an e-learning
system can be used within the learning process and deals with
pedagogical approaches like constructivism. this approach is the
usage of collaborative technologies which are considered often to be
an essential component of e-learning.

Abilities and Aptitudes Variables
in E-Learning Adaptive Systems
1. Intellectual ability.
2. Cognitive styles.
3. Learning styles.
4. Prior knowledge.
5. Anxiety.
6. Achievement motivation.
7. Self-efficacy.
8. Multiple intelligences.
9. Locus of control.

Types of adaptive educational
systems
1. Computer-Managed Instruction (CMI)
This type based on the macro-adaptive approach. CMI systems
(e.g. Plato) offer functions for diagnosing learning needs and
prescribing instructional activities appropriate for these needs.
CMI system may have several other features important in
adapting instruction to the student’s needs and ability: (a)
choosing appropriate objectives, modules, lessons, and
courses in the curriculum for each student, (b) student can
decide the sequence of instructional activities, (c) student may
choose which activities to study, (d) student can choose the
time to study it and progress at his or her own pace.

Types of adaptive educational systems

2. Intelligent Tutoring Systems (ITSs)
ITSs are adaptive instructional systems developed with the
application of AI methods and techniques.
AI make it possible to generate the knowledge based on student
performance on the task rather than the predetermined rules.
There are three main components for ITS (Figure 6):

Types of adaptive educational systems

3. Adaptive Hypermedia Systems (AHSs)
AHSs combine hypermedia-based and adaptive instructional
systems since 1996. AHSs environments are “all hypertext and
hypermedia systems which reflect some features of the user in
the user model and apply this model to adapt various visible
aspects of the system to the user” (Brusilovsky ,1996, p. 88).
Adaptive hypermedia methods can mainly be divided into two areas
of adaptation (Figure 7) (Brusilovsky, 2001):
A. the content-level adaptation or adaptive presentation, where the
content is assembled or presented in different ways or orders.
B. and the link-level adaptation or adaptive navigation support,
where links are generated according to different methods.

Figure 7: The Taxonomy of Adaptive Hypermedia Technologies (Brusilovsky, 2001)

Types of adaptive educational systems

4- Adaptive Web-Based Learning Environments
Systems (AWBLESs).
Web based learning environments (WBLE) and Learning
management systems (LMS) have great potential to support
student-centered learning. Although WBLE have unlimited
prospects for educational use "one size fits all".
AWBLESs are a form of online instruction which attempt to
address many of the aforementioned challenges of Webbased learning: (1) gathers user information and preferences;
(2) builds a user model based on the learner’s preferences,
prior knowledge, and attitudes; and (3) continuously monitors
the user’s actions, errors, navigation, and learning process.

AWBLESs

 Adaptive Methods are techniques, treatments, and
strategies used by AWBLES to make adjustments and
variations to Web-based instructional system’ components in
order to more fully accommodate individual differences. These
methods include adaptive interfaces, content, and navigation.
 Content presentation relates to the best way of presenting
content (e.g., amount, difficulty, sequence, resources, etc)
based on a learner’s goals, prior knowledge, and other
personal information.
 Adaptive instructional activities include: (1) Instructional
approaches, (2) Adaptive support , (3) Providing timely
eedback, (4) Adaptive communication, (5) Collaboration.
 Adaptive assessments (e.g., quizzes, product
development, or group work).

AWBLESs Examples:

Figure 8 architecture of an A-WBLE (Inan, Flores & Grant, 2010, p. 150)

AWBLESs Examples:

Figure 10: Architecture of adaptive Web-based e-Learning Environment
(Abu Raihan & Han, 2013, p. 9).

Types of adaptive educational systems

5- Adaptive Learning Based on Semantic Web.
Semantic web technologies have shown a trend of using ontologies to
promote adaptive learning. Ontology is a formal, explicit specification
of a conceptualization of the specific content. They support
instructors on content creation or learners on accessing content in a
knowledge-guided manner.

Ontology Models: (Figure 13)
(1) An ontological user model is designed to describe learners’ profiles.
(2) The domain model is a semantic ontology which is specified by the
course author and forms a logical taxonomy for the knowledge
domain.
(3) The content model ontology defines hierarchical structure of
learning content with three aggregation levels namely course, lesson
and instructional objects.

Figure 13. The architecture of system (Yarandi, Jahankhani, & Tawil, 2013, p. 10)

Types of adaptive educational systems

6- Social Personalized Adaptive E-Learning
Environment (SPAEE)
The various social features such as sharing, tagging, rating,
commenting can be applied in e-Learning systems and thus
can offer new opportunities for communication, collaboration,
and active participation in the learning process.
SPAEE takes into account any information about the user’s
social connections, and the integration of social interaction
features and adaptation techniques. SPAEE combining the
benefits offered by existing AEH systems with the social
affordances of Web 2.0 tools.

Example of SPAEE: Topolor (Shi et al., 2013)

Figure 15. Home page (Shi, et al., 2013, p. 18).

Figure 16. Module page (Shi, et al., 2013, p. 19).

Figure 17. Concept page (Shi, et al., 2013, p. 18).

Adaptive E-Learning
through Eye Tracking
 AdELE they use an eye tracking system in order to deliver

interfaces adapted to users’ needs and to improve content
adaptation according to the gained behavioral information of
the user.
 Eye movements can be divided into two components:
(1) Fixations are periods of relative stability (about 100 to 400
ms) during which part of the visual scene is focused upon in
the centre of the fovea (visual information processing).
(2) Saccades are very rapid eye movements, about 25 to 100
ms (no visual information processing).

Adaptive E-Learning through Eye Tracking

 In the AdELE framework, the intention is to observe users’

learning behavior in real time by monitoring characteristics
such as objects and areas of focus, time spent on objects,
frequency of visits, and sequences in which content is
consumed.
 The architecture of the AdELE framework is shown in Fig. 8.
The core module is the Adaptive Semantic Knowledge Transfer
Module (ASKTM) coordinates all the surrounding modules and
sends and requests information to and from them, and
compiles pieces of content and meta-information for delivery
to the learners.
User-centered modules (for gaining enhanced and more precise
user information).
Lecturer-centered modules (course creation process).

Models Based on Multiple Intelligences
 Kaewkiriya, et al. presented a conceptual model of an

adaptive e-learning guidance system according to 3
different patterns of multiple intelligences. Each student
will receive a lesson that matches their aptitude:
1) Analytic group, 2) Introspective group, and 3) Interactive
group.
 Kaewkiriya, et al. presented a conceptual model of an
adaptive e-learning guidance system which consists of 5
modules (Figure 19):

Fig. 19. Framework for adaptive e-learning guidance system (Kaewkiriya, et al., 2013, p. 624)

Models Based on Multiple dimensions
 Luisa dall’Acqua (2009) proposed a holistic ID model, defined

PENTHA Model (acronym of Personalization, Environment, Network,
Tutoring, Hypermedia, Activity), based on five dimensions:
A. Knowledge dimension is a three level structure of abstraction: 1)
Learning Object, 2) graphical structure “Ontology”, 3) Metadata.
B. Cognitive dimension involves: 1) The cognitive state of the student,
2) The learning preferences, 3) The evolution rules of the cognitive
state and learning preferences.
C. Educational dimension responsible for selecting the appropriate
didactical nodes, and a set of “sequence rules”, to apply a proper
order of the content in question.
D. Semiotic dimension is realized in the specific construction of texts
and their hypertext organization.
E. Social dimension is a combination of the above mentioned four
dimensions for the use of collaborative tools.

Figure 20: PENTHA Model Dimensions (dall’Acqua, 2009)

Examples of E-Learning Adaptive Systems
CAST UDL
Lesson
Builder
Center for
Applied Special
Technology
(Universal
Design for
Learning)

Examples of E-Learning Adaptive Systems

SMART.FM
(IKNOW!)

iWeaver

Examples of E-Learning Adaptive Systems

Examples of E-Learning Adaptive Systems

CS383
The first AEH system

Examples of E-Learning Adaptive Systems

CAMELEON (Computer Aided Medium for Learning on Network)

Others …
 Arthur
 SILPA
 iMANIC
 3DE
 INSPIRE
 ILASH
 EDUCE …

The End
I hope that you enjoyed the presentation
Thanks for your attendance and your attention
Nice to meet you and Goodbye

