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Abstract: This paper describes the design and development of an Adaptive 
Educational System (AES) that includes accommodations for cognitive styles in 
order to improve student interactions and learning outcomes. Although, cogni-
tive styles are one of the several important factors to be considered from de-
signers and instructors of hypermedia-based courseware, little research has been 
done regarding the adaptation of hypermedia system to students’ cognitive 
styles. Our research is an attempt to examine some of the critical variables, 
which may be important in the design of an adaptive hypermedia system based 
on student’s cognitive style.  

1 Introduction    

The phenomenal growth of the Internet and the Web over the last years has led to an 
increasing interest in creating Web-based learning tools and learning environments. 
Hypermedia seems to be suitable for supporting the new constructivist way of active 
and self regulated learning. However, empirical studies have shown contradictory 
results about the efficiency and effectiveness of learning with hypermedia. Some stud-
ies indicate that hypermedia-based learning may contribute to enhance learning and 
promote cognitive flexibility when the learning environment is designed task appro-
priately [11]. At the same time, other studies have revealed problems for hypermedia-
based learning with regards to cognitive overload and disorientation [8]. 
 
In order to overcome the problems identified, a hypermedia system should be de-
signed in a way that can identify the user's interests, preferences and needs and give 
appropriate guidance throughout the learning process. Adaptive Hypermedia (AH) 
was introduced as one possible solution. Adaptivity is especially important for Web-
based educational hypermedia, as these systems are expected to be used by several 
learners without assistance of a physical tutor who usually can provide adaptivity in an 
actual educational environment, i.e. classroom.  



 
Adaptive Hypermedia systems can be developed to accommodate various learner 
needs; is the ideal way to accommodate a variety of individual differences, including 
learning style and cognitive style [1]. Numerous Adaptive Hypermedia systems have 
been implemented over the last fifteen years. INSPIRE [10] and CS383 [4] are good 
examples of Adaptive Educational Systems with regards to learning style. Although, 
cognitive styles are one of the several important factors to be considered from design-
ers and instructors of hypermedia-based courseware, little research has been done 
regarding the adaptation of hypermedia system to students’ cognitive styles [7] and 
this is the focus of our research. 
 
Our research is an attempt to examine some of the critical variables, which may be 
important in the design of an adaptive hypermedia system based on student’s cognitive 
style. As a case study a Higher Education module was developed, called AES-CS 
(Adaptive Educational System based on Cognitive Styles), to support the course 
“Multimedia Technology Systems” which is typically offered to fourth year under-
graduate students in Computer Science Department at the Aristotle University of 
Thessaloniki, Greece. Before we proceed to describe the architecture and implementa-
tion of AES-CS system it is important to discuss on cognitive styles as considerable 
confusion appears in the literature regarding the terms cognitive style and learning 
style. Moreover, we will examine the design issues that were considered for the devel-
opment of the system that are reported in the relevant literature and should be taking 
into account from instructional designers of adaptive hypermedia. 

2 Cognitive Styles 

There is a technical difference between the use of the terms cognitive style and learn-
ing style, although numerous authors use the terms interchangeably. Cognitive style 
deals with the ‘form’ of cognitive activity (i.e., thinking, perceiving, remembering), 
not its content. Learning style, on the other hand, is seen as a broader construct, which 
includes cognitive along with affective and physiological styles. 
 
Cognitive style is usually described as a personality dimension, which influences atti-
tudes, values, and social interaction. It refers to the preferred way an individual proc-
esses information. There are many different definitions of cognitive styles as different 
researchers emphasize on different aspects. However, Field dependence/independence 
(FD/FI) is probably the most well known division of cognitive styles [14]. 
 
FD/FI dimension refers to a tendency to approach the environment in an analytical, as 
opposed to global, way. Studies have identified a number of relationships between this 
cognitive style and learning, including the ability to learn from social environments, 
types of educational reinforcement needed to enhance learning, amount of structure 
preferred in an educational environment [12].  
 



Field independent (FI) learners generally are analytical in their approach while Field 
Dependent (FD) learners are more global in their perceptions. Furthermore, FD learn-
ers have difficulty separating the part from the complex organization of the whole. In 
other words, FD individuals see things in the entire perceptual field (the forest than 
the trees). Additionally, FI individuals tend to be intrinsically motivated and enjoy 
individualized learning, while FD ones tend to be extrinsically motivated and enjoy 
cooperative learning. Specifically, FD individuals are more likely to require externally 
defined goals and reinforcements while the FI ones tend to develop self-defined goals 
and reinforcements [14].   

3 Design Issues for Adaptive Hypermedia 

In the ideal educational environment, a tutor with instructional experience on a learn-
ing domain can identify students’ individual differences, with regards to cognitive 
styles and acquired knowledge, and thus can provide them with learning material 
individually selected and structured. Moreover, the interaction that takes place in a 
physical classroom allows tutors to experience and understand students’ personal 
goals and preferences and thus to promote their skills. In order to simulate in a sense 
an ideal educational environment, an adaptive hypermedia system should provide 
learners the ability to use different instructional modes in order to accommodate their 
individual needs and to improve their performance. Therefore, it has to include in its 
design both issues of cognitive style and teaching strategy. Teaching strategy refers to 
the instructional material and the instructional strategy. Table 1 presents the instruc-
tional strategies adopted in AES-CS that support students according to their cognitive 
style. Next we will discuss briefly the most important of these strategies and the way 
they were implemented in the design of AES-CS.   
 

Table 1. Instructional Strategies. 
 

Field-Dependent learners Field-Independent learners 
Provide global approach Provide analytical approach 
Provide information from general to 
specific 

Provide information from specific to 
general 

Program control  Learner control 
Provide advance organizer Provide post organizer 
Provide maximum instructions Provide minimal instructions 
Provide maximum feedback Provide minimal feedback 
Provide structured lessons 
Provide Graphics Path Indicator 

Allow learners to develop their own 
structure 

Provide social features Provide individual environment  
 
Program control versus learner control: The amount of learner control seems to be a 
central variable when integrating adaptive methods in educational settings. There are 
several arguments in the literature for and against learner control. On the one hand, 



learners’ motivation is increased when they control the navigation of a hypermedia 
environment. On the other hand, research seems to indicate that the amount of learner 
control depends on the pre-skills and the knowledge state of a learner [13]. Further-
more, many studies have demonstrated student preference and improved performance 
using a linear structure. With regards to cognitive styles, there is evidence that FD 
individuals perform better using program control while FI ones prefer more learner 
control [16]. Since these findings are consistent with theoretical assumptions in FD/FI 
dimension, AES-CS provides both program and learner control option. In the case of 
learner control option, AES-CS provides a menu from which learner can choose to 
proceed the course in any order [Fig.1]. In the program control option there is no 
menu, but the system guides the user through the learning material via adaptive navi-
gation support [see Fig.2 on next page].  
 

 
 

Fig.1. System screen with the initial adaptation for FI learners.  
 
Instructions and Feedback: Studies have shown that FD are holistic and require exter-
nal help while FI people are serialistic and possess internal cues to help them solve 
problems.  FD learners are more likely to require externally defined goals and rein-
forcements while FI tend to develop self-defined goals and reinforcements [14]. Jon-
assen and Grabowski [5] in their study summarized the research on the implications of 
the individual differences based on FD/FI dimension. We consider these implications 
of style characteristics in order to design the instructional support and the instructional 
environment of AES-CS. As a result, the system provides clear, explicit directions and 
the maximum amount of guidance to FD learner, while it provides minimal guidance 
and direction to FI learner. Moreover, it provides extensive feedback to FD learner, 
while it provides minimal feedback to FI learner. 
 
The use of contextual organizer: Another feature that is embedded in AES-CS is the 
use of contextual organizers according to FD/FI dimension. Field Dependent learners 
appeared to benefit most from illustrative advance organizers, while Field Independ-



ent learners preferred illustrative post organizers [9]. An advance organizer is a bridg-
ing strategy that provides a connection between one unit and another. It also acts as a 
schema for the learner to make sense out of the new concept. A post organizer serves 
as a synopsis and supports the reconstruction of knowledge. Usually, it is available 
after the presentation of new information. 
 
Structure: Several problems of learning in a hypermedia environment arise from the 
structure of the environment itself. In an ideal web site, the structure is evident to the 
user and the information is organized coherently and meaningfully. Navigational tools 
are essential in order to assist learners to organize the structure of the web site as well 
as the connections of the various components. A coherent resource collection will 
allow the user to construct an accurate mental model of the topic. 

 
Research has indicated that FD learners are less likely to impose a meaningful organi-
zation on a field that lacks structure and are less able to learn conceptual material 
when cues are not available [14]. Furthermore, Jonassen and Wang [6] argue that the 
FI learners generally prefer to impose their own structure on information rather than 
accommodate the structure that is implicit in the learning materials. In our approach, 
AES-CS provides two navigational tools in order to help learners organize the struc-
ture of the knowledge domain: concept map and graphic path indicator [Fig.2].  
 

 
Fig.2. System screen with the initial adaptation for FD learners. 

 
Concept map is a visual representation of a knowledge domain and consists of nodes 
representing concepts connected by directional links that define the relationships of 
the nodes. Concept maps may act as tools to aid study and assist to the comprehension 
of a domain. Furthermore, they are flexible tools, which can be used by students to 
develop their own maps to represent various domains of knowledge and can be used to 
see the forests and the tress thereby avoiding disorientation. In AES-CS concept map 
is used to help FD learners understand the big picture and place detail in perspective. 



 
The graphic path indicator can orient users to the surrounding hyperspace and to the 
content organization, affecting both cognitive overhead and coherence. The graphic 
path indicator is dynamically created and presents the current, the previous and the 
next topic. The graphic path indicator appears at the bottom of each page and illus-
trates clearly the local neighborhood of a topic.   

4 System Architecture and Implementation 

The main characteristic of AES-CS is that it can be adapted to the cognitive style and 
to the level of knowledge acquired by the student. The system is organized in the form 
of three basic modules: the domain model, the student model, and the adaptation 
module [Fig.3]. These three components interact to adapt different aspects of the in-
structional process, i.e. adapting the content according to user’s prior knowledge; 
adapting the presentation of contents through selection and combination of appropri-
ate media; adapting the teaching strategies; modifying the selection of examples and 
links; and recommending appropriate hyperlinks.  

 

 
 

Fig.3 System architecture 

4.1 Domain model 

The domain model is a set of domain concepts. It serves as a basis for structuring the 
content of AES-CS. Each concept is structured into a set of topics. Topics represent 
basic pieces of knowledge for the given domain and their size depends on the domain. 
Topics are linked to each other thus forming a kind of semantic network. This network 
is actually the structure of the knowledge domain. In AES-CS each hypermedia page 
actually corresponds to one topic only. 

4.2 Student model 

The student model needs to be easy to construct and modify and should accurately 
reflect the characteristics of different students. Three different categories of informa-
tion are built-in in the student model: personal profile (which includes static data e.g. 



name and password), cognitive profile (which includes adaptable data like cognitive 
style preferences), and an overlay student knowledge profile (which illustrates stu-
dent’s knowledge on a subject). Table 2 shows the description of some attributes in-
cluded in each category, and provides information on the possible values types of the 
attributes and how these can be acquired. 
 

Table 2. The student model 
 

Type Item Value How acquired 
Name Free text user Personal Profile Password Free text user 
Cognitive style FD or FI user or system 
Program Control Yes or No user or system 
Learner Control Yes or No user or system 
Advance Organizer Yes or No user or system 
Post Organizer Yes or No user or system 

Cognitive Profile 

Graphics Path Indicator Yes or No user or system 
Knowledge Profile  Concept 1 Unknown 

Know 
Learned 
Well- Learned 

user or system 

 Concept 2     - //-      -//- 
 
In our research the Group Embedded Figures Test (GEFT) [15] was used to identify 
the field-dependent and field-independent cognitive style. In this test, subjects per-
ceived the information, which is a series of simple figures, independently from the 
larger complex figure, in which the simple figures are embedded. 

4.3 Adaptation module  

To support adaptivity, AES-CS uses the ‘adaptive presentation technique’ [2] that 
aims to adapt the information presented to the user according to his/her cognitive style 
and knowledge state. Conditional text and page variants representations are used to 
accomplish adaptive presentation. With the conditional text technique, a page is di-
vided into chunks. Each chunk of information is associated with a condition indicating 
which type of user should be presented with it. With page variants technique, two 
variants of the pages associated with a concept are prepared. Each variant of the page 
presents information in a different style according to FD/FI dimension.  

 
‘Adaptive navigation support’ is a specific adaptive hypermedia technology that aims 
to help users to find an appropriate path in a hypermedia-learning environment [2]. 
AES-CS does not include adaptive navigation support in the case of learner control 
option. However, in program control option, AES-CS provides adaptive navigation 
support by manipulating the selection and the presentation of links through adaptive 
annotation and direct guidance. Adaptive annotation of hyperlinks supplies the user 



with additional information about the content behind a hyperlink. The selection and 
the colour of hyperlinks are adapted to the individual student by taking into account 
information about the learner’s knowledge state and the instructional strategy. Blue 
colour is used for ‘recommended’ and gray colour for ‘not ready to be learned’. With 
the direct guidance, the system suggests to the student the next part of the learning 
material. This technique can be seen as a generalization of curriculum sequencing but 
within the hypermedia context it offers more options for direct guidance. Student’s 
prior knowledge is used by the system in order to provide him/her the most suitable 
sequence of knowledge units to learn and to work with. 
 
Furthermore, an annotation mechanism is used to show several levels of student’s 
knowledge on each domain model concept. A colored checkmark is used to distin-
guish the state of student knowledge on any concept: a blue checkmark means ‘know’ 
(determined by the student through the student model), a red checkmark means 
‘learned’ (the student has visited the pages which presents the concept) and a green 
checkmark means ‘well-learned’ (the student has successfully completed a test) [see 
Fig.1].  

5 Evaluation 

The current interface of AES-CS and its functionalities are the result of revisions 
based on the analysis of the data collected during the formative evaluation. Formative 
evaluation is the judgments of the strengths and weakness of instruction in its develop-
ing stages, for the purpose of revising the instruction. The classically recognized types 
of formative evaluation are: expert review, one-to-one evaluation, small group, and 
field test [17].  
 
Until now, the expert review, the one-to-one, and the small group evaluation were 
completed. In the expert review, a semi-structured interview aimed at determining the 
reactions of experts and a debriefing session were used. Five experts acted as evalua-
tors in this phase: a teaching/training expert, an instructional design expert, a subject-
matter expert, a subject sophisticates and an educational technologist. The subjects for 
the one-to-one evaluation and the small group were fourth year undergraduate students 
studying the course “Multimedia Technology Systems” in Computer Science Depart-
ment at the Aristotle University of Thessaloniki, Greece. Ten subjects participated in 
the one-to-one evaluation and a semi-structured interview and debriefing session were 
used. Finally, ten subjects took part in the small group evaluation. We used several 
methods for getting information from students during this phase. First, a pre-test and a 
post-test were used to help us to measure the learning gain from the instruction. Sec-
ond, an attitude questionnaire aiming to determine subjects’ experience in using the 
system. Third, comment logs were used in order subjects to note specific strengths or 
weaknesses of the system during the instruction. Finally, debriefing sessions were used 
to measure the subjective satisfaction of subjects on the instructional and interface 
design of AES-CS. 



 
A preliminary analysis of the data collected showed that the subjects were satisfied 
with the adaptation based on cognitive style. In addition, they felt that the system was 
clear and easy to understand and after working with it they had a better understanding 
of the area studied. However, they made suggestions for the improvement of the sys-
tem. Some of the more significant recommendations that were implemented during the 
revision phase are as follows: 
 
On student model 
The subjects agreed that the student model was easy to use and modify, but most of 
them pointed out as a design weakness the scrolling of the html page that includes all 
the available options (level of knowledge, cognitive style, choice of characteristics) in 
one-single page.  
 
On user interface 
Most of the subjects suggested that they would prefer to have an option regarding the 
ability to adapt the background of the html pages. Finally several subjects recom-
mended that the content menu should always appear at the left frame irrespective the 
program or learner control option. 
 
On tools 
Subjects agreed on the usefulness of the instructional guidance at the bottom of the 
screen but they suggested that it should be included in the minimum amount of space 
possible with regards to the overall appearance of the screen. Moreover, all the sub-
jects suggested that the concept map and the graphic path indicator should be active so 
to be used as an extra navigation tool. 
 
Other observations  
All the subjects considered the self-assessment unit very useful but they suggested the 
need of additional information regarding the number of total questions in the system 
and the right and wrong answers. Moreover, few subjects recommended that they want 
to see the path they follow in order to reach a particular page.  
 
As mentioned earlier, most of the above suggestions were already implemented during 
the revision of AES-CS. However, they will be further processed in order to develop 
more the adaptive features of AES-CS and to fully complete the design of the system. 
After the final revision, summative evaluation will follow in order to assess the effec-
tiveness of the system with reference to other educational material used for the instruc-
tion of the particular module. 

6 Conclusion and Further Research 

In this paper we have described the design and development of an Adaptive Educa-
tional System based on Cognitive Styles (AES-CS), a prototype that includes accom-



modations for cognitive styles in order to improve student interactions and learning 
outcomes. Currently, the basic architecture of the system has been implemented. The 
AES-CS (http://mlab.csd.auth.gr/adapt, ‘guest’ for login and password) has two main 
components: the client running in the Web browser and the server running in a PC 
workstation. The client is implemented as Web pages, residing in a number of linked 
frames. The development platform used is ASP technology using Dynamic HTML and 
JavaScript language that made possible to overcome HTML limitations. 
 
Current adaptive hypermedia systems provide adaptation based on a stereotypical user 
model with limited levels of user differentiation. However, the complexity of learner’s 
profile stresses that a different approach of the user model should be considered. Us-
ers are not simply analytical or global learners but instead are some combination of 
both characteristics. According to Carver, Hill and Pooch [3] the AH systems should 
not only model multiple dimensions of the user, but each dimension should have as 
much delineation as necessary to truly model the user.  
 
In that terms, the system AES-CS is differentiated from related projects to the fact that 
it provides a fine degree of adaptation granularity. Learners have the ability to change 
the initial stage through the student model and/or appropriate interactive features [see 
Fig.1, 2]. The learners may modify the control options between learner and program 
control, may choose minimal or maximum feedback, may request instructions and so 
on. Our basic assumption is that adaptive systems need to be controllable by the user 
because they cannot be intelligent enough to appropriately adapt in all possible cases.    
 
Further research is on progress concerning the evaluation of the initial adaptation. The 
initial adaptation of AES-CS to FD/FI learners was based on research results [6,9,16] 
and theoretical assumptions in FD/FI dimension [5,14]. An important research direc-
tion is to investigate if this initial adaptation is the most appropriate for the learners 
and to verify the design issues that were considered for the development of the system. 
 
Additional research direction is the evaluation of the educational effectiveness of 
system’s adaptation. We are going to investigate the hypothesis that the adaptivity 
based on student’s cognitive style could be beneficial for the observed learning out-
comes. An experiment by Jonassen and Wang showed that FI learners are better hy-
permedia processors, especially as the form of the hypermedia becomes more referen-
tial and less overtly structured [6]. In that term, part of our further research is to exam-
ine whether or not FD learners will reach the same level of performance as FI ones 
when studying in AES-CS environment.    
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