
 

Economides, A. A. (2009). Adaptive context-aware pervasive and ubiquitous learning. 
International Journal of Technology Enhanced Learning, Vol. 1, No 3, pp. 169-192, 

Inderscience. ISSN (Online): 1753-5263, ISSN (Print): 1753-5255. 

Adaptive context-aware pervasive and ubiquitous learning 
 
 

Anastasios A. Economides 
 

Information Systems Department, University of Macedonia,  
156 Egnatia Avenue, Thessaloniki, 54006 GREECE, economid@uom.gr 

 
Abstract: In pervasive and ubiquitous learning, a learner should be able to freely perform an 
educational activity possibly cooperating and/or collaborating with others using multiple devices 
and networks as he moves in an environment. The educational activity should be able to be 
performed by various types of learners, and to operate on various devices, networks and 
environments. Correspondingly, the devices and the networks should be able to support various 
types of learners, and to operate various educational activities in any environment. In order to 
provide adaptive context-aware pervasive and ubiquitous learning, an adaptation engine senses the 
Context and produces adapted Educational Activity and Infrastructure. This paper defines the 
Context to consists of the Learner state, the Educational Activity state, the Infrastructure state and 
the Environment state. Furthermore, it comprehensively describes each one of the states. 
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1. Introduction 
 
Mobile phones are extensively used in every day life, mostly for phone calls and Short Message Service 
(SMS) (Economides and Grousopoulou, 2008). Educational institutes are also starting to exploit mobile 
devices and networks for learning and management. As most students already possess handheld devices, 
several educational institutes are using wireless technology to deliver and support mobile learning (Davies, 
2003; Waycott and Kukulska-Hulme, 2003; Sung et al., 2005; Economides and Nikolaou, 2008). The 
intersection of online learning and mobile computing – called mobile learning – holds the promise of 
offering frequent, integral access to applications that support learning, anywhere, anytime (Tatar et al., 
2003). Mobile learning would help the development of the Knowledge Society. The objective is a society 
with access to knowledge and learning for everyone (Lytras and Sicilia, 2005). The mobile learner will 
carry multiple heterogeneous wearable and handheld devices. He will be able to continually learn wherever 
he is moving without any mobility, time and other restrictions. He will move and interact unrestricted with 
other learners, hardware and software resources in his neighborhood or on remote locations via networks. 
Collaborative learning at outdoors (e.g. educational trips to an archaeological site or a national forest, 
collaborative game-based learning) would be supported by Multicast Mobile Ad Hoc Networks (Vasiliou 
and Economides, 2007a, 2007b, 2008). 

 Many researchers called for personalization of knowledge according to the characteristics of the learner 
(e.g. Lytras, 2007) and integrating the variety of perspectives on personalized and adaptive learning (e.g. 
Wolpers and Grohmann, 2005). They also stressed the value of educational resources’ interoperability in 
order to share and reuse them (e.g. Wolpers and Grohmann, 2005). The necessity of personalized learning 
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has been well recognized since every learner has different characteristics. The educational activities and the 
provided infrastructure would be auto-configured tailored to the learner’s needs, interests and abilities. 
Multiple sources of information would be used to adapt the educational activities and the infrastructure to 
every situation and condition. Most of the physical objects in the environment will be equipped with some 
embedded sensing and communication capabilities. They will sense, track, and monitor the surrounding 
environment and transmit this information to those interested for that. This information would be used to 
make dynamic adaptation decisions for the benefit of the learner. In such pervasive and ubiquitous 
computing environments, a comprehensive and accurate description of the context is important.  

Several previous studies on pervasive and ubiquitous computing provided various definitions of context. 
Location, identity, time and activity have been suggested as primary types of context (Schilit et al., 1993). 
Computing context (e.g. network connectivity, communication costs, communication bandwidth, nearby 
resources such as printers, displays, and workstations), User context (e.g. user’s profile, location, people 
nearby, and current social situation), and Physical context (e.g. lighting, noise levels, traffic conditions, and 
temperature) have been also proposed as main context categories (Schilit et al., 1994). In addition to 
location (Becker and Durr, 2005), identities of nearby people and objects, as well as changes to those 
objects have been included in the context (Schilit and Theimer, 1994). Context-aware has been defined as 
“the ability of the computer to sense and act upon information about its environment, such as location, 
time, temperature or user identity” (Ryan et al., 1998). Context has been also described across three 
dimensions: i) Environment (physical and social), ii) Self (device state, physiological and cognitive), and 
iii) Activity (behavior and task) (Schmidt et al., 1999). Any information that can be used to characterize the 
situation of an entity (e.g. person, place, or object) would be considered as context (Dey and Abowd, 2000). 
Different types of information about a user can simultaneously be relevant to a given adaptation decision 
(Tamminen et al., 2004). Context can be externally-imposed, externally-induced or internally-induced 
(Hill, 2007). An ontology-based context model considered time, place, user knowledge, user activity, user 
environment and device capacity (Bouzeghoub et al., 2007). In parallel, a situation model gave a view on 
the context model describing temporal properties. It was argued that the following context parameters 
should be taken into consideration: variety, priority, granularity, implementation, cost-effectiveness 
(Bayoumi, 2007). An essential issue in pervasive computing is related to data gathering techniques about 
the context (Roibas, 2007). Furthermore, it has been argued that a context aware mobile learning system 
should also take into consideration the learner’s willingness to participate in the proposed learning activity 
(Bhaskar and Govindarajulu, 2008). 

Several architectures for context-aware applications have been proposed (Dey, 2001; Jameson, 2001; 
Petrelli et al., 2001; Indulska and Sutton, 2003; Lonsdale et al., 2003; Biegel and Cahill, 2004). However, 
implementing such systems on a large scale is not free from obstacles (Raisinghani et al., 2004). Building 
adaptive educational systems that adapt to different learning characteristics is not an easy task (Kay, 2001). 
Open research questions include on how to identify the relevant learning characteristics, to model the 
learner, or to change the learning environment for users with different learning characteristics. It is known 
that learner’s characteristics (e.g. cognitive style of learning) actually influence his performance (e.g. 
navigational behaviour in the training module) (Souto et al., 2002). Educational, socio-cultural, 
economical, and technical requirements for mobile learning applications have been defined (Economides, 
2008a). CASA (Contract-based Adaptive Software Architecture) provided a framework for the 
development of adaptive applications that were able to adapt their functionality and/or performance 
dynamically in response to runtime changes in their execution environments (Mukhija and Glinz, 2004). A 
mechanism to support adaptation in m-learning systems proposed activities to a user depending on: i) the 
user’s features, learning style, preferences or previous actions, ii) his partners’ features, learning styles, 
preferences or previous actions, iii) his specific context at that time (location, idle time, devices), and iv) 
the specific context of his partners at that time (Martin et al., 2006). An ontology-based framework for 
context-aware mobile learning has been proposed (Berri et al., 2006). A rule-based ontology is driven by 
the learner’s profile to contextualize learning content accordingly. Then a search agent searches a set of 
learning objects for feasible learning objects. Context-aware social presence mechanisms would support a 
learner in formal locations (e.g. classroom, scheduled computer laboratory sessions), semi-formal locations 
(e.g. libraries, walk-in laboratories) and informal locations (e.g. residences) (Kekwaletswe and Ngambi, 
2006). Instant messaging would provide the learner with continuous access to social networks. A three-tier 
web-based architecture has been proposed for context-aware m-learning (Basaeed et al., 2007). The client 
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tier corresponds to the learning device which supports a web browser and Internet connectivity. The middle 
tier consists of context sensing, context reasoning and context-aware delivery. It is connected to resources 
using web services. The third tier consists of the learner profile, device profile, connectivity profile, 
ontologies and learning objects. Similarly, “SmartContext” was an ontology based context model which 
included a standardized context template, a context reasoning ontology and a context middleware (Hu and 
Moore, 2007). The following types of context were considered: personal, task, role and spatio-temporal.  

Several standardization efforts have been undertaken regarding learner models and learning objects: 
IEEE PAPI (Personal and Private Information), IEEE WG1 LTSA (Learning Technology Systems 
Architecture), IEEE LOM (Learning Object Metadata), ADL SCORM (Sharable Content Object Reference 
Model), IMS LIP (Learner Information Package). The IEEE Personal and Private Information (PAPI) 
consists of the following six categories of information about a learner: Personal, Relations, Security, 
Preference, Performance, and Portfolio information (IEEE PAPI). The IMS Learner Information Package 
(LIP) consists of the following eleven categories of information about a learner: Identification, Goal, QCL 
(Qualifications, Certifications and Licenses), Activity, Interest, Competence, Accessibility, Transcript, 
Affiliation, Security Key and Relationship (IMS LIP). In the IEEE 1484.12.1 Standard the Learning Object 
Metadata (LOM) includes multimedia content, instructional content, learning objectives, instructional 
software and software tools, and persons, organizations, or events referenced during technology supported 
learning (IEEE LOM). LOM groups the elements that are used to describe a learning object into nine 
categories: General, LifeCycle, Meta-Metadata, Technical, Educational, Rights, Relation, Annotation, and 
Classification.  

Most previous studies on adaptive learning proposed to adapt the interface, the learning flow or 
sequencing, the content (Burgos et al., 2006) or even the exams (Economides and Roupas, 2007; 
Triantafillou et al., 2008a, 2008b). The learner would choose the learning tools and companion learners, 
on-demand learning of various types, control over the elements of the systems and the possibility of 
controlling the amount of control (Kay, 2001). Next, previous studies on learning adaptation are briefly 
presented.  

Content and course adaptation has received much attention (e.g. Vassileva, 1998; Healey et al., 2002; 
Brusilovsky and Vassileva, 2003; Tretiakov and Kinshuk, 2004; Yau and Joy, 2007a, 2007b). DCG 
(Dynamic Course Generation) allowed automatic generation of individualised courses according to the 
learner’s goal and previous knowledge, and adapted the course according to the learner’s success in 
acquiring knowledge (Vassileva, 1998; Brusilovsky and Vassileva, 2003). Content was adapted to the 
device and modality of a user’s preference (Healey et al., 2002). Content was adaptively structured for 
access via mobile devices, accounting for variations in communication channels, end-user device 
capabilities and user profiles (Tretiakov and Kinshuk, 2004). The architecture of a context-aware schedule 
tool for learning Java was proposed (Yau and Joy, 2007a). The appropriate learning objects were selected 
according to the learner’s preferences (e.g. learning style, learning priorities, knowledge level) and 
contextual features (e.g. level of concentration, location, time). A context-aware system consisting of three 
components was proposed (Yau and Joy, 2007b). A learning schedule supported the student’s daily 
routines. A learning style adaptation module adapted the activities to the student’s learning style. A context 
adaptation module identified the current student’s context (e.g. location, time available, noise level) and 
then recommended appropriate learning activities accordingly.  

Presentation adaptation has also received some attention (e.g. Vassileva, 1998; Kurzel et al., 2002; 
Wang et al., 2004; Klett, 2005; Kelly and Tangney, 2006). GTE (Generic Tutoring Environment) adapted 
the presentation of the content (Vassileva, 1998). Content was presented in a variety of ways based on both 
student prior competencies (pre-requisite knowledge and skills) and preferences (Kurzel et al., 2002). The 
presentation was adapted to facilitate learners’ spatial reasoning on geometric topics (Wang et al., 2004). 
Multiple representations of complex or hidden subjects were also used (Klett, 2005). Different adaptive 
presentation strategies were used for students with different learning activities (Kelly and Tangney, 2006). 

Navigation and sequencing adaptation reasonably received much attention (e.g. Eklund and Brusilovsky, 
1998; Brusilovsky et al., 1998; Weber and Brusilovsky, 2001; Herder and van Dijk, 2002; Carchiola et al., 
2002; Brusilovsky and Vassileva, 2003; Faraco et al., 2004; Albano et al., 2006, 2007). Link annotation 
was adapted to the individual user in order to help him find an appropriate path in a learning space (Eklund 
and Brusilovsky, 1998). Guidance and navigation in InterBook (an authoring tool for developing adaptive 
electronic textbooks on the Web) were adapted to the user (Brusilovsky et al., 1998). ELM-ART (Episodic 
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Learner Model- Adaptive Remote Tutor) provided adaptive navigation support, course sequencing, 
individualized diagnosis of student solutions, and example-based problem-solving support (Weber and 
Brusilovsky, 2001). Navigation support was adapted to device characteristics (such as screen size, interface 
design, and means of interaction), and its context of use (Herder and van Dijk, 2002). The knowledge path 
that a student should follow was adapted according to his needs and capabilities (Carchiola et al., 2002). 
CoCoA (Concept-based Courseware Analysis) checked the consistency and quality of a course at any 
moment of its life and assisted course developers in some routine operations (Brusilovsky and Vassileva, 
2003). A Learning Companion Agent type was chosen according to the student profile to support him in the 
conceptual maps navigation (Faraco et al., 2004). CoCoA (Concept-based Courseware Analysis) checked 
the consistency and quality of a course at any moment of its life and assisted course developers in some 
routine operations (Brusilovsky and Vassileva, 2003). A flexible e-learning model would take into 
consideration the learner’s knowledge state and learning preferences (Albano et al., 2006) to create 
personalized learning paths (Albano et al., 2007). 

  Assessment adaptation is an important area and several high stakes test organizations use computerized 
adaptive testing techniques. In computer adaptive testing, if the examinee answers correctly a question, 
then the next question is harder. Otherwise, the next question is easier (e.g. Economides and Roupas, 
2007). Material for self-assessment was adapted to the needs of the individual learner (Georgouli, 2004). 
The examinee’s confidence in answering the question was also incorporated in adaptive testing (Lamboudis 
and Economides, 2004). It would be useful for the examinee to know his current status. The amount and 
timing of this orientation information revealed to the examinees would be adapted to his learning 
characteristics (Economides, 2005b). A Computer Adaptive Testing (CAT) system on mobile devices was 
also developed and evaluated (Triantafillou et al., 2008a, 2008b). 

Adaptive Feedback would be provided to the examinee tailored to his needs (Economides, 2006b). The 
system would try to reduce the student’s fear during a test (Economides and Moridis, 2008). A model to 
measure the student’s mood during a test was proposed (Moridis and Economides, 2008a) and validated 
using experimental data (Moridis and Economides, 2008b). 

Adaptive Communication & Collaboration would support learners from diverse cultural origins 
(Economides, 2008c). Other adaptation approaches considered the users preferences for informal 
communication and learning (Groth et al., 2007). Adaptive tools based on teacher’s model for authoring, 
curriculum setting, co-teaching and privileges setting, reward setting, assessment setting and information 
sharing setting were proposed (Lin et al., 2005). 

Although there are many studies on learner’s models, learning objects and context, none provides and 
integrated adaptive decisions framework based on a comprehensive description of the relevant parameters. 
This paper tries to fill this gap by proposing adaptive pervasive and ubiquitous learning based on a holistic 
Context model. A common framework would enable interoperability among various systems and 
applications  

The key ingredients of the system are the Input (Context), the adaptation engine and the Output 
(Adaptations). The Context is explicitly described by comprehensive models of the Learner’s state, the 
Educational Activity’s state, the Infrastructure’s state and the Environment’s state. The adaptation engine 
acquires input data and produces the adaptation results. Input data into the adaptation engine is the Context. 
Output results of the adaptation engine are the adapted Educational Activity and Infrastructure. The Output 
would be prodiced either deterministically or probabilistically (Economides, 2006c). Learning automata 
would be employed as probabilistic adaptation engines. The quality of the adaptation engine would be 
evaluated with respect to various criteria (Economides, 2007).   

In the next Section 2, the Context is defined. Section 3 describes the phases of a context-aware adaptive 
pervasive and ubiquitous learning system. Section 4 presents the adaptation engine. Section 5 explicitly 
describes the Context on which the adaptations are based. Finally, conclusions and directions for future 
research are given. 
 
2. Context definition 
  
We define the Context to consist of the Learner’s state (L), the Educational Activity’s state (A), the 
Infrastructure’s state (I), and the Environment’s state (E). Furthermore, every state consists of various 
Dimensions and every Dimension consists of various variables (see Section 5). During a given moment, 
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multiple Learners would perform Educational Activities (possibly, cooperatively and/or collaboratively) 
using various Infrastructures in multiple Environments. Thus, the full description of the Context would 
incorporate these Learners’ states, Educational Activities’ states, Infrastructures’ states, Environments’ 
state and their interconnections: L2L, L2A (A2L), L2I (I2L), L2E (E2L), A2A, A2I (I2A), A2E (E2A), I2I, 
I2E (E2I), and E2E.  
 
3. Phases of an adaptive context-aware pervasive and ubiquitous learning system 
 
An adaptive context-aware pervasive and ubiquitous learning system would sense data related to the 
Context, estimate the real current state of these data, manage these data (e.g. prioritize), use these data (e.g. 
decide adaptations) and predict the future state of these data. Thus, the phases of the system’s operation are 
the following:  
 

1. Sense, Detect, Monitor, Track, Measure, and Record the Context parameters 
2. Estimate the Context. 
3. Organize and Manage the Context (e.g. Classify it, Filter it, Order its variables, Prioritize its 

variables, Compare it to others, Evaluate it). 
4. Use the Context (e.g. Apply it, Infer from it, Adapt the Educational Activity and/or the 

Infrastructure, Guide the Learner). 
5. Predict future Context. 

 
A context-aware system collects information about the Learner, the Educational Activity, the 

Infrastructure and the Environment by sensing, detecting, monitoring, tracking, or measuring them. For 
example, vision and speech would be monitored (Porta, 2007). After storing this raw information, the 
system refines it and estimates the “true” Context. The third phase is to organize and manage the Context. 
The system would classify the Context based on relevance, accuracy, validity, security and other criteria. It 
would filter the Context to extract the most useful information for the particular educational activity. It 
would order the Context parameters according to some criteria and priorities. It would compare the Context 
to similar situations’ Context, or to past situations’ Context for the same learner, or similar learners, or an 
average learner, or an expert. 

The forth phase is the usage of the Context. The system would apply the Context, or infer from the 
Context (for example, about the learner’s performance and achievements). The system would be adapted 
according to the states of the Learner or/and the Educational Activity or/and the Infrastructure or/and the 
Environment. For example, if there is not enough communication capacity, then multimedia 
communication would be substituted by text communication. On the other hand, the system would adapt 
the Educational Activity or/and the Infrastructure to the Context. For the previous example, it would buy 
communication capacity from other networks. Also, the system would guide the learner based on the 
Context (for example, suggest him alternative educational material).  

Finally, in the last phase, the system would predict the future Context and take appropriate steps. For 
example, it would pre-fetch advanced educational material by predicting the learner’s progress. 
 
4.  Adaptation engine 
 
The adaptation engine ‘reads’ the Context and ‘produces’ the adapted Educational Activity and the adapted 
Infrastructure: 
Output(t+1) = [A(t+1), I(t+1)]= Function_C(Context(t))= Function_C(L(t), A(t), I(t), E(t)) 

• adapted educational Activity:  A(t+1)= Function_A(L(t), A(t), I(t), E(t)) 
• adapted Infrastructure:  I(t+1)= Function_I(L(t), A(t), I(t), E(t)) 

 
Thus, the Educational Activity is adapted to the Learner, the Infrastructure, and the Environment. 

Similarly, the Infrastructure is adapted to the Learner, the Educational Activity and the Environment. As 
we will show later, the Learner’s state also incorporates the states of the other learners. 
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When an adaptation is performed at a given moment, either the most appropriate item is selected among a 
variety of alternatives (e.g. a more difficult question) or a real-time conversion is performed (e.g. zooming, 
text-to-speech, WAV-to-MP3, GIF-to-JPEG). 

Let give an adaptation example: 
 
If  Context(t)= [L1, A1, I1, E1],  
then  

• A(t+1)= A101 
• I(t+1)= I101 

... 
If  Context(t)= [Ln, An, In, En],  
then  

• A(t+1)= Anik 
• I(t+1)=  Inlm 

 
Many explanatory adaptation examples are given in Economides (2008b). In case the information about 

the context is not very accurate, probabilistic adaptation decisions would be employed. Instead of deciding 
definitively about the adaptations, a more soft decision would be done. For example, the adapted state of 
the Educational Activity or/and the Infrastructure would be selected probabilistically among a set of 
candidate states (Economides, 2006c). Multiple criteria for evaluating the quality and effectiveness of an 
adaptation engine are also proposed in (Economides, 2007). 

  
5. Context model 
 
Having defined the Context= [L, A, I, E], let further describe the Dimensions and variables of each one of 
the  Learner’s state (L), the Educational Activity’s state (A), the Infrastructure’s state (I), and the 
Environment’s state (E). It is obvious that the more information is available about each state, the more 
accurate but complicated the model becomes. 

The variables would be estimated according to the following ten ways:  
1. The learner declares some variables (e.g. Demographics);  
2. The teacher declares some variables (e.g. Learning Theory);  
3. The parents declare some variables (e.g. Costs & Pricing limits);  
4. The participants collaboratively decide for some variables (e.g. Assessment type);  
5. Others (e.g. doctors, psychologists, educators, peers, authors, school administrators, developers, 

manufacturers, network providers, etc.) declare some variables;  
6. The learner takes some pre-tests in order to evaluate some variables (e.g. Learning Styles);  
7. Some variables are transferred from other hardware and software systems (e.g. Transcripts, 

Health, Weather, Location, Maps);  
8. Data mining techniques are used to extract information (e.g. Favorites, Device characteristics, 

Media conversion) from online or offline databanks (e.g. social networks, Government data, 
manufacturers);  

9. The computer monitors and measures some variables (e.g. Current Status, Emotions & Feeling, 
Results & Achievements);  

10. Sensors track and record some variables (e.g. Mobility, Environmental Conditions).  
 
For example, the learner’s mood during a self-assessment test would be estimated (Economides and 

Moridis, 2008; Moridis and Economides, 2008a, 2008b). Furthermore, some variables (e.g. Religion) may 
be useful for some cases (e.g. Food to Avoid, Schedule/ Holidays) but inappropriate for other cases (e.g. 
Privacy & Confidentiality).  
 
5. 1. Learner’s state 
  

We define the Learner’s state to consist of the following Dimensions: Demographics, Education & 
Profession, Results & Achievements, Preferences, Favorites, Interests, Objectives, & Aims, Health, Current 
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Biological & Physiological Needs, Physical Abilities, Cognitive Abilities, Social Abilities, Cultural 
Abilities, Emotions & Feelings, Motivation & Conation, Learning Styles, Cognitive Styles, Intelligence, 
Personality, People, Time & Schedule, Location, Mobility, Restrictions & Constraints, Current Status 
(Table 1). Each one of these Dimensions is described by many variables. Regarding Cultural abilities, we 
adopted the models of Trompenaars and Hampden-Turner (1997), or Hofsted (1980). The dimensions of 
Learning Styles, Cognitive Styles, Intelligence and Personality are interrelated and various models have 
been proposed to describe them. We choose to describe them independently adopting the Felder and 
Silverman (1998) or Kolb (1984) models regarding Learning Styles; the Gardner (1983) model regarding 
Intelligence; the Witkin et al. (1977) model regarding field dependence-independence; and the Big Five 
model regarding Personality, among others. Regarding the Feelings & Emotions Dimension, we adopt 
Economides (2006a) model to describe the learner’s emotional state. 

The Learner’s model communicates with other Learners’, the Educational Activity’s, the Infrastructure’s 
and the Environment’s states via the “Current Status” dimension.  

 
Dimensions of  
Learner’s State 

Variables of each Dimension  

Demographics 
 

ID, Name, Access Rights, E-mails, Telephone Numbers, Websites, 
Blogs, Profiles in Communities, Addresses, Age, Gender, Languages, 
Nationality, Ethnicity, Religion, Culture, Customs, Income, Marital 
Status, Affiliations & Memberships (in educational, professional, sports, 
etc. organizations, communities, social networks and other groups), 
Habits, Hobbies, Travel, etc.      

Education & Profession 
 

Level of Knowledge, Educational & Professional Background, 
Professions & Jobs, Computer Experience, Informal Education,  

Previous Results & 
Achievements (formal & 
Informal) 

Transcripts (Schools, Courses, Syllabus, Teachers, Assignments, 
Grades, etc.),  Certifications, Licenses, Awards & Prizes, Fellowships & 
Scholarships; Educational Activities completed, Portfolio, Projects, 
Case Studies, Papers, Reviews, Tasks, Exams & Results, Performances, 
Experiments, Simulations, Constructions,  
Presentations, Knowledge Transfer, Tutoring, Teaching,  
Participations (Engagement) & Contributions (e.g. to Blogs, Forums, 
Wikis, Social Networks) , Collaborations, Sharing, Negotiations, 
Conflict Resolutions, Management, Supervision, Guiding, Organizing 
and Planning. 

Preferences  
 

Autonomy & Control (choices: By Self, By Teacher, Collaboratively, 
etc.); Preferable Input & Output Means (choices: speech, text, keyboard, 
mouse, pen, handwriting, graphics, animation, video, etc.); Preferable 
environment conditions: temperature, light, noise, etc.; Preferable 
Physical Space (choices: around table, amphitheater, out-doors, walking, 
etc.), Cognitive Space, Emotional Space, Social Space etc.; Preferable 
Media (choices: Audio, Text, Photos, Graphics, Animation, Video, 3D, 
etc.); Aesthetics, Lifestyle, etc.; Preferable Educational Activities, 
Assessment Types; Preferable Communication Mode: 1. Synchronous 
(choices: face-to-face, phone, chat, videoconference) – 2. Asynchronous 
(choices: email, SMS, MMS, IM, Podcast, forums, social networks), 
People to communicate and/or collaborate, Communication Frequency, 
Group Population, Group Homogeneity; Privacy, Non-Intrusion, 
Confidentiality; etc. 

Favorites Educational Subjects, Teachers, Mentors, Tutors, Partners, Scientists, 
Artists, Famous Persons, Educational Resources, Books, Songs, 
Websites, Blogs, Social Networks, etc. 

Interests Interests regarding Education, Art, Profession, etc. 
Objectives, Goals & Aims Objectives, Goals & Aims regarding Learning, Career and Life 
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Health 
 

Level of Fitness, Vision (clear vision, loss of centralized vision, tunnel 
vision, partial/poor vision, poor acuity, night blindness, color blindness, 
complete blindness,  etc.), Hearing, Speech, Blood, Heart, Chronic and 
Temporal Illnesses, Prescribed Drugs and Medicine, etc. 

Current Biological & 
Physiological Needs  

Urgent needs regarding air, food, drink, shelter, warmth, sleep, etc. 

Physical Abilities  
 

Weight, Height, Level of Physical abilities and disabilities (hand or arm 
movements’ problems, muscle weakness or involuntary movement, 
tremor, loss of fine motor control, etc.).  

Cognitive Abilities 
 

Level of Cognitive abilities: Working Memory Capacity; Sub audition, 
Writing, Logical; Mathematical; Critical Thinking; Inductive 
Reasoning; Associative Learning, Reflective Thinking, Organizing, 
Space Orientation, Perceptiveness, etc. 
Level of Cognitive disabilities: Dyslexia; Attention Deficit Disorder; 
Intellectual and Memory impairments, etc. 

Social Abilities 
 

Level of Communication skills (Written, Oral), Knowledge Transfer, 
Negotiation, Conflict Resolution, Management, Supervising etc. 
Level of Active (Extrovert, Social, Expressive) – Passive (Introvert, 
Loner, Shy); Cooperative (Sharing, Helpful, Altruist, Generous) – 
Competitive (Selfish, Individualistic, Greedy); Leader (Dominating, 
Influential) – Follower (Dependent); Open (Equitable, Fair, Accepting, 
Tolerant) – Discriminating (Biased, rejecting); Adaptable – Inflexible; 
Responsible (Reliable, Honest, Trustworthy, Trustable) – Careless 
(Unreliable, Liar); Friendly (Positive, Conflict Avoidance, Polite) – 
Hostile (Negative, Disagreeable, Impolite). 

Cultural Abilities Level of Power distance; Collectivism – Individualism; Femininity – 
Masculinity; Uncertainty Avoidance; Long term – Short term 
orientation. OR 
Level of Universalism –  Particularism; Communitarianism –  
Individualism; Neutral –  Emotional; Defuse –  Specific culture; 
Achievement –  Ascription; Human-Time relationship; Human-Nature 
relationship. 

Feelings & Emotions 
 

Level of Enthusiasm (Fascination, Excitement, Passion, Involvement) – 
Boredom (Apathy); Happiness (Joy, Delight, Pleasure, Amusement) – 
Sadness (Melancholy, Sorrow and Depression); Satisfaction 
(Fulfillment); Calmness  (Tranquility, Serenity, Peacefulness, Comfort, 
Relaxation); Anger (Irritation, Indignation and Upset); Anxiety (Stress 
and Nervousness); Frustration (Despair, Hopelessness and Panic); Fear 
(Concern, Worry and Doubt); Confusion; Hope (Optimism) – 
Pessimism (Defeatism and Self-pity); Expectancy (Anticipation, 
Certainty, Assurance, Acceptance) – Astonishment (Amazement and 
Negative Surprise); Sympathy (Love) – Disgust (Aversion); Hate; Pride 
(Honor) – Shame (Guilt, Humiliation, Embarrassment and Dishonor).  

Motivation & Conation  
 

Level of Self-Awareness (Self-Consciousness) – Self-Ignorance; Interest 
(Will and Volition) – Disinterest; Self-Efficacy (Self-Esteem, 
Confidence) – Self-Doubt (Insecurity); Motivation – Discouragement; 
Self-Direction (Goal-Orientation) –Disorientation (Distraction, Un-
focusing, Inattention); Commitment (Dedication, Determination, 
Persistence) – Reluctance (Hesitance); Self-Regulation – 
Disorganization. 

Learning Styles Level of Active – Reflective; Sensing – Intuitive; Visual – Verbal; 
Sequential – Global. OR 
Diverger (Concrete Experiencer/ Reflective Observer); Converger 
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(Abstract Conceptualizer/ Active Experimenter); Accommodator 
(Concrete Experiencer/ Active Experimenter); Assimilator (Abstract 
Conceptualizer/ Reflective Observer). 

Cognitive Styles Level of Field Dependent (Global) – Field Independent (Analytic). Left 
Brain (Logical, Sequential, Rational, Analytical, Objective, Look at 
parts) – Right Brain (Random, Intuitive, Holistic, Synthesizing, 
Subjective, Look at whole).  

Intelligence Level of Visual (Spatial); Verbal (Linguistic); Bodily (Kinesthetic); 
Logical (Mathematical); Musical (Rhythmic); Interpersonal; 
Intrapersonal; Naturalist. 

Personality Level of Extraversion – Introversion; Confidence – Sensitive; Detail-
conscious – Unstructured; Tough-minded – Agreeable; Conforming – 
Creative.  

People (related to), their Roles 
& Relationships 

Family, Relatives, Friends, Partners, Classmates, Colleagues, 
Associates, Teachers, Mentors, Tutors, Neighbors, Social Networks’ 
Peers, etc.   

Time & Schedule  
 

Calendar, Time Table, Agenda, Scheduled Activities, To-do-list, 
Bookings, Reservations, Acceptable Variations (+/- time), Low & Upper 
Time Limits, Deadlines, etc. 

Location  Position (measurement choices: Satellite (e.g. GPS, Galileo), Cellular 
(e.g. Cell-ID), Indoor (e.g. RFID, Infrared Beacons), etc.; Elevation;  
Type (choices: classroom, library, computer laboratory, home, café, 
corridor, street, outdoors, etc.).  

Mobility  Choices: Sitting, Standing, Waking and Stopping, Walking on a path, 
Looking/Searching for something, Wondering around, Running, 
Bicycling, Driving car, etc.; 
Speed, Acceleration, Direction, Orientation, etc. 

Restrictions & Constraints Costs & Pricing, Privacy, Non-Intrusion, Confidentiality, Safety, 
Accessibility (Special Needs Persons), Time (Upper & Lower Limits, 
Deadlines), Locations to Avoid, Geography (Boundaries), People to 
Avoid, Activities to Avoid, Food to Avoid, etc. 

Current Status Availability (choices: Online & Available, Online & Busy (Not 
Available), Offline until ‘Time/Date’, On Vacations, etc.); Location; 
Mobility;  Educational Activities’ Progress; Connected People, Devices, 
etc. 

 
Table 1. Dimensions of Learner’s state. 

 
5,2. Educational Activity’s state 

 
The Educational Activity (A) would be either a 45minute class composed from several modules (e.g. 

motivation, example, theory, application, discussion) or a single module. The Educational Activity’s state 
is defined to consist of the following dimensions: Identification, Subject, Keywords, Educational Level, 
Requirements & Prerequisites, Technical Requirements, Type, Participants, Purpose, Expected 
Educational Outcomes, Learning Theory, Instructional Design, Management, Content, Presentation & 
Media, Sequencing, Feedback, Communication & Collaboration, Assessment, Resources & Connection, 
Pricing & Costs, and Current Status (Table 2). Each one of these Dimensions consists of variables. Some 
of these Dimensions and variables are fixed, some can change (being adaptable) and some can be either 
fixed or adaptable (depending on the design). For example, fixed variables would be declared by the 
authors. Attractive candidate Dimensions for adaptations include the Type, Participants & Teams, 
Management, Presentation & Media, Sequencing, Feedback, Communication & Collaboration, Assessment, 
and Resources. 
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The adaptations would be performed at the beginning of the A or ‘on the fly’ during its operation. Of 
course, it is easier to perform a single adaptation for all adaptable Dimensions and variables just before the 
beginning of the A. However, it is more challenging but complicated to perform adaptations during the 
operation of the A. For example, every time the Learner answers correctly (wrongly) a question, a harder 
(easier, correspondingly) question would appear during Assessment (Triantafillou 2008a, 2008b). 
Similarly, Feedback would support the Learner during various steps of the A (Economides 2005a; 
Economides 2006b). In order to decrease the complexity of the adaptive decision space, one would 
consider adaptations across only a few Dimensions and variables.  

The Dimensions of Expected Educational Outcomes, Learning Theory, and Instructional Design are 
interrelated and various models have been proposed to describe them. Regarding the Expected Educational 
Outcomes, we choose to adopt and extend Bloom’s (1956) taxonomy. Regarding the Instructional Design, 
we choose to adopt ADDIE and I CARE (Dick and Carey, 1978) models. Regarding the Feedback 
Dimension, we adopt the feedback attributes and the personalized cognitive, emotional and conational 
feedback types proposed by Economides (2005a, 2006a, 2006b). Regarding the Communication & 
Collaboration Dimension, we adopt parameters proposed by Economides (2008c).  

The A is connected to other As via the Dimensions of Subject, Keywords, Resources and Current Status. 
It is connected to Learners via the Dimensions of Participants & Teams, and Current Status. It is connected 
to Infrastructure and Environment via the Resources’ Dimension. 

 
Dimensions of Educational 
Activity’s  State 

Variables of each Dimension  

Identification ID, Title, Authors, Languages supported, Owner, Administrator, Address 
(e.g. url), Size, Date Created, Dates modified, Usage History, Evaluations 
(Reviews, Ratings, Popularity, Recommendations, Usefulness, Learners’ 
Satisfaction, etc.), Users, Access Rights, etc. 

Subject  Specific Subject, Relevant Subjects, Follow-on Subjects, Super-Subject 
where it is included, Sub-Subjects that includes, etc. 

Keywords Classification according to various Formal Indexes, Tags (Social Tagging) 
by users (teachers, learners, etc.). 

Educational Level Appropriate for Learners at given Educational Level 
Requirements & Prerequisites 
 

Educational Level requirements; Prerequisite Subjects; Age requirements; 
Abilities (Cognitive, Social, Affective, Conational, Physical) 
requirements; Difficulty level; Time requirements; etc. 

Technical Requirements 
(would be Adaptable) 

The A would run on and use various systems: Hardware (PC, Laptop, 
Notebook PC, Personal Digital Assistance, Smart Phone, etc.) and Other 
Devices; Operating Systems (Windows Mobile, Palm OS, Symbian OS, 
iPhone OS, BlackBerry OS, Android, etc.); Browsers (Internet Explorer 
Mobile, FireFox Mobile, Opera Mini, Safari, PlayStation Portable, Nokia 
Browser, Blazer, etc.) and Other Applications Software; Multimedia 
Format (AIFF, WAV, XMF, MP3, QuickTime, FITS, TIFF, 3GP, ASF, 
DivX, MPEG, GIF, WMV, AVI, MOV, Real Media, etc.); Networks 
(RFID, IrDA, Bluetooth, WiFi, WiMax, UMTS, UWB, 4G, Satellite, etc.), 
Bandwidth requirements, Quality of Service, etc. 

Type  
(would be Adaptable) 

The A would be one or more of the following Types: 
Summary, Introduction; Example, Case Study; Review, Critique, 
Comparison, Evaluation; Hands-on Experience, Practice,  Application; 
Theory, Concept, Model; Dialogue, Conversation, Discussion; Debate, 
Negotiation; Exploration, Discovery; Simulation; Experiment;  
Presentation; Cooperation, Collaboration; Game; Assignment, 
Assessment, Exercise, Test, Exam, etc. 

Participants & Teams 
(would be Adaptable) 

People (e.g. Peers, Teachers, Tutors) and/or Avatars participating, their 
Roles and Relationships; Teams created, Activities per Team, 
Relationships among Teams, Members per Team, Members’ Roles and 
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Relationships, Connection to the state of each Member, etc.  
Purpose Diagnosis & Identification of prior knowledge, Activation of prior 

knowledge, Monitoring learner’s progress, Revision of prior knowledge, 
Enrichment of prior knowledge, Acquiring & Comprehending new 
knowledge, Evaluating learner, Classifying & Ranking learner, Motivating 
learner, Abilities (Cognitive, Social, Affective, Conational, Physical) 
Enhancement, etc. 

Expected Educational 
Outcomes 

The Expected Educational Outcomes of the A would be one or more of the 
following: 
Cognitive domain: Knowledge, Comprehension, Application, Analysis, 
Synthesis, Evaluation; Affective domain: Receiving, Responding, Valuing, 
Explaining, Organizing, Characterizing; Psychomotor domain: Imitation, 
Manipulation, Precision, Articulation, Naturalization; Conational domain; 
Social domain; Physical domain. 

Learning Theory 
 

The A would be based on one or more of the following Learning Theories: 
Behaviorism – Cognitivism – Constructivism: Active learning, Project-
based learning, Experimental learning, Discovery learning, Authentic 
learning, Situated learning, Cooperative/ Collaborative learning, Social 
learning, Game-based learning, etc. 

Instructional Design The A would be based on one of the following Instructional Design 
models: 
ADDIE (Analyze, Design, Develop, Implement, Evaluate);  
ICARE (Introduction, Connect, Apply, Reflect, Extend); 
LADR (Lecture, Application, Discussion, Reflection). 

Management 
(would be Adaptable) 

The A would be Managed by:  
Learner (Self-Learning)  – Teacher/ Tutor (Guiding)  – Coach (Mentoring)  
– Peer (Cooperating & Collaborating) – Computer (Automatic); Time 
management (Duration, Scheduling, Deadlines, etc.), Time per module, 
Events scheduling, etc.  

Content 
(would be Adaptable) 

The Content of the A would vary with respect to:  
Quantity (Details), Depth & Difficulty; Educational Subject’s Theories 
(e.g. opposing scientific, art, social, political, and philosophical ideas and 
views); Language, etc. 

Presentation & Media 
(would be Adaptable) 

The Presentation of the A would vary with respect to:  
Format (font size, page layout, colors, etc.); Media (Text-based, Audio-
based, Graphical-based, Video-based, Immersion-based, etc.); Media 
Quality (Resolution, Colors, Refresh Rate, Sound Fidelity, Video frame 
rate, etc.); Special Needs Persons Consideration (Zooming, Text-to-
Speech, etc.).  

Sequencing, Organization & 
Navigation 
(would be Adaptable) 

There would be alternative mechanisms of the Content modules’ 
Sequencing, Organization & Navigation: 
Alternative Menu Levels; Sequential (Serial, Inductive) path – All-at-once 
(Global) view; Short path – Regular path – Extended path; Shortcuts; Next 
module depends on learner’s results from previous module; etc. 

Feedback 
(would be Adaptable) 

The Feedback of the A would vary with respect to: 
Given by Real Person or Avatar, Quantity (Amount), Activation Reason & 
Time, Frequency, Duration, Goals, etc.;  
There would be alternative Feedback types: 
Informational: Advise on Content, Help on Assessment, Support on 
Collaboration, etc.; 
Alert: Reminder on deadlines, Warning on danger, etc. 
Affective/Emotional: Sympathy, Acceptance, Positive Surprise, etc. 
Motivational: Attracting learner’s Attention, Challenging, Provoking, 
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Building Self-Confidence, Assuring, Encouraging, Praising, etc. 
Communication & 
Collaboration 
(would be Adaptable) 

The Communication & Collaboration of the A would vary with respect to: 
Synchronous (face-to-face, phone, chat, videoconference, etc.) – 
Asynchronous (email, SMS, MMS, IM, Podcast, forum, discussion board, 
blog, wiki, etc.); Sharing & Downloading; One-to-One – One-to-Many – 
Many-to-Many; 
Learner-to-Learner – Teacher-to-Learner – Learner-to-Avatar; 
Formal – Informal; Visual – Oral; Quantity & Frequency of 
Communication; Collaboration – Competition; etc. 

Assessment 
(would be Adaptable) 

There would be alternative Assessment types: 
Self-Assessment, Peer-Assessment, Collaborative Assessment, Formal 
Exam; Questions, Report, Project, Application, Construction, Experiment, 
Simulation, Presentation, Performance, Discover, etc.  

Resources & Connection to 
them 
(would be Adaptable) 
 

References, Bibliography, Alternative Views & Opinions, Complementary 
Educational Activities, Less/More Advanced Educational Activities, 
Less/More Detailed Same Educational Activities, Relevant Educational 
Activities, Extensions, FAQ, Glossary, Dictionary, etc. 

Pricing & Costs 
(would be Adaptable) 

There would be alternative Pricing & Cost modes with respect to: 
Content, Media used, Resources used, Tutor-support, etc.  

Current Status Time Elapsed & Time Remaining; Content Covered & Content to be 
Covered; Resources used/reserved & available Resources; Feedback 
Given; Results Achieved & Results Expected; Current Participants Status; 
Current Presentation & Media mode; Current Communication & 
Collaboration mode; Cost charged and remaining; etc. 

 
Table 2. Dimensions of the Educational Activity’s state. 

 
At the end of the EA’s operation, the Learner’s final Results that were recorded in his Current Status and 

the EA’s Current Status are transferred to his Results & Achievements Dimension. 
 

5.3. Infrastructure’s state 
 

We define the Infrastructure’s state to consist of the following: Devices, Networks, Other Hardware & 
Software Resources, and Other Adaptable Activities in the vicinity of the Learner (Table 3). We describe 
each Device’s state to consist of the following Dimensions: Identification, Type,, Location, Schedule, 
Availability & Current Status, Aesthetics, Input & Output, User Interface, Software & Multimedia, Energy 
Consumption, Performance, Connectivity to other Resources, Network Connectivity, Security, Pricing & 
Costs. We describe each Network’s state to consist of the following Dimensions: ID, Availability & 
Current Status, Protocols, Location & Topology, Connectivity to other Networks, Bandwidth &QoS 
(Quality of Service), Security, Pricing & Costs. Each one of these Dimensions is described by many 
variables. We adopt various devices parameters from Economides and Nikolaou (2008) where handheld 
devices were evaluated with regards to mobile learning.  

 
Dimensions of 
Infrastructure’s State 

Variables of each Dimension  

For each Device:  
Identification ID, Owner, Users (People & Avatars), Access Rights, Restrictions, etc. 
Type Server, PC, Laptop, Notebook PC, Personal Digital Assistance, Smart 

Phone, Sensor, etc. 
Location Position, Mobility (e.g. device on car), etc. 
Schedule Reservations by Users, Avatars, etc.; Scheduled Activities. 
Availability &  
Current Status 

Current Users; Current Position; Available (Remaining) Processing Power, 
Memory, Energy (Battery Life), etc.; Connectivity to other Devices & 
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Networks, etc.; Activities’ History, Software running; Results achieved and 
expected; Cost charged and remaining; Available Bandwidth, etc. 

Aesthetics 
(would be Adaptable) 

There would be alternatives with respect to: 
Design; Size; Colors, etc. 

Input & Output 
(would be Adaptable) 
 

There would be various alternatives: 
Antenna, Touchpad, Keyboard, Light Pen, Pointing Stick, Trackball, 
Joystick, Touch Screen, Interactive Whiteboard, Scanner, Data Probes, OCR, 
Smart Card Reader, Odometer, Altimeter, Barometer, Compass, Global 
Navigation Satellite System (GNSS), Sensors (light, temperature, humidity, 
motion, acceleration, etc.), Screen (Size, Resolution, etc.), Photo & Video 
Camera, Microphone, Speakers, Special Needs Persons Facilities, etc. 

User Interface 
(would be Adaptable) 

There would be various alternatives:  
Windows, Buttons, Lists, Menus, Icons, Tree, 3D Immersion, etc. 

Software & Multimedia 
(would be Adaptable) 
 
 

There would be various alternatives:  
Operating Systems (Windows Mobile, Palm OS, Symbian OS, iPhone OS, 
BlackBerry OS, Android, etc.); Browsers (Internet Explorer Mobile, FireFox 
Mobile, Opera Mini, Safari, PlayStation Portable, Nokia Browser, Blazer, 
etc.); Database Management Systems; Search Tools; Geographical 
Information Systems (GIS); Drawing & Computer-Aided Design Tools; 
Communication Tools; Presentation Tools; Dictionaries; Translators; 
Calculator; Calendar; Planner; Organizer; Other Applications Software; 
Multimedia Format (AIFF, WAV, XMF, MP3, QuickTime, FITS, TIFF, 
3GP, ASF, DivX, MPEG, GIF, WMV, AVI, MOV, Real Media, etc.); 
Languages; Communication Protocols; Special Needs Person Tools, etc. 

Energy consumption 
(would be Adaptable) 

There would be alternative power modes: Power Save, Economy, Regular, 
etc. 

Performance 
(would be Adaptable) 

There would be alternative modes for the following: 
Processing Speed, Memory, Antenna Ranges, Transmission Rates 

Connectivity to other 
Resources 

Connected to Databases, Portals, Devices, Sensors, etc. 

SW Interoperability SW Interoperability & Compatibility, Portability to other devices 
Network Connectivity 
(would be Adaptable) 

Connected to Networks (using RFID, IrDA, Bluetooth, WiFi, WiMax, 
UMTS, UWB, 4G, Satellite, etc.) 

Security 
(would be Adaptable) 

There would be alternative levels of Security 

Pricing & Costs 
(would be Adaptable) 

There would be alternative levels of Pricing & Costs with respect to: 
Usage (Duration, Processing, Memory, Energy, etc.), Area, Time/Date, 
Resources (Databases, Software, Applications, etc.) 

For each Network:  
Identification ID, Owner (Carrier, Provider, Operator), Users (People & Avatars), Access 

Rights, Restrictions 
Availability &  
Current Status 

Current Coverage; Current Users (Devices); Available Bandwidth; Current 
QoS; Current Connectivity to other Networks; etc. 

Protocols 
(would be Adaptable) 

There would be alternative Protocols at all Layers for Interoperability 
e.g. WIMAX, GSM, GPRS, HSCSD, CDMA2000, UMTS, HSDA, 3GPP, 
UMB  

Location & Topology Nodes’ locations and interconnections (links). 
Connectivity to other 
Networks 

Interconnection to other Networks (WiFi, WiMax, UMTS, UWB, 4G, 
Satellite, etc.) 

Bandwidth & QoS 
(would be Adaptable) 

There would be alternative levels of  
Bandwidth, Average Delay, Jitter, Loss Ration, Reliability, etc. 

Security 
(would be Adaptable) 

There would be alternative levels of 
Security 
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Pricing & Costs 
(would be Adaptable) 

There would be alternative levels of Pricing & Cost with respect to: 
Usage (Duration, Time/Date, Area, Participants, etc.), offered QoS, etc. 

Other Hardware & 
Software Resources 

Description of each Resource 

 
Table 3. Dimensions of the Infrastructure’s state. 

 
5.4. Environment’s state 

 
Finally, we define the Environment’s state to consist of the following Dimensions: Terrain, Weather & 

Environment’s Conditions, Sensors, Neighbors (not participating in the Educational Activity), and Other 
External Activities (Table 4). Each one of these dimensions consists of variables.  

 
Dimensions  of 
Environment’s State 

Variables of each Dimension  

Terrain 
 

Morphology, Mapping, Altitude,  
Indoors: Rooms, Corridors, Furniture, Seats, Desks, Doors, etc.; 
Urban: Buildings, Streets, Cross-sections, Parks, Bridges, etc.; 
Rural: Houses, Alleys, Grasslands, Trees, Fencings, etc. 
Wilderness: Paths, Forests, Mountains, Rivers, Lakes, Sea, etc. 

Weather  and 
Environmental Conditions 

Sun, Rain, Snow, Temperature, Humidity, Wind Speed, etc.; 
Light, Sounds (Noise), Air Quality (Pollution),  

Sensors Sound, Photo, Video, Motion, Position, Temperature, etc.; 
Real Time Locating Systems (RTLS), Radio Frequency Identification 
(RFID), Global Navigation Satellite System (GNSS) (GPS, Galileo, etc.),  

Neighbors People & Devices not participating in the Educational Activity 
Other External Activities Description of each Activity 

 
Table 4. Dimensions of the environment’s state. 

 
6. Conclusions and Future Research 
 
The paper presents a general framework for adaptive context-aware pervasive and ubiquitous learning. 

The mobile learner learns and performs an educational activity using various devices, networks and 
resources as he moves in an environment. He is supported by an adaptation engine that adapts the 
educational activity and/or the infrastructure. The goal is to help the mobile learner, to increase his 
satisfaction and learning, to decrease his limitations and restrictions in order to be unconcernedly engaged 
in learning.  

The presented framework may help designers and developers of pervasive and ubiquitous learning 
systems at their decisions. It may help them to identify requirements, open problems, challenges and 
opportunities, to share ideas and methods, to take a holistic approach in developing systems and thoroughly 
evaluate them. This paper formulates the adaptive context-aware pervasive and ubiquitous learning system 
as a system of an adaptation engine with input and output. The adaptation engine may employ deterministic 
or probabilistic adaptation decisions. The input to the adaptation engine is the learner’s state, the 
educational activity’s state, the infrastructure’s state, and the environment’s state. The output is the adapted 
educational activity and/or infrastructure. For example, the adaptation engine may present to the mobile 
learner adapted content and media according to his current position and available networks. In addition, it 
would locate other learners in his vicinity to form a team and perform a collaborative activity.  

Hopefully, this study would stimulate future research and development efforts. The ultimate goal would 
be the implementation of adaptation engines that use the full context and produce the full adapted 
educational activity and infrastructure, as presented in the Context model section.  

By describing each state (Learner, Educational Activity, Infrastructure, and Environment) by many 
Dimensions and variables, the accuracy of the Context is increased but also its complexity and the 
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requirements to collect data. A harmonious integration of all these input data is an open research problem. 
There should be a balance between the number of Dimensions and variables, model complexity, and the 
accuracy of the model. Furthermore, identifying the relative importance of the Dimensions of each state 
(Learner, Educational Activity, Infrastructure, and Environment) is an open research problem. Similarly, 
identifying the relative importance of the variables of each Dimension is an open research problem. 
 
References 
 
Albano, G., Gaeta, G. and Salerno, S. (2006) ‘E-learning: A model and process proposal’, International 

Journal of Knowledge and Learning, Vol. 2, No. 1/2, pp. 73-88. 
Albano, G., Gaeta, G. and Salerno, S. (2007) ‘IWT: An innovative solution for AGS e-learning model’, 

International Journal of Knowledge and Learning, Vol. 3, No. 2/3, pp. 209-224. 
Basaeed, E.I., Berri, J., Zemerly, M.J. and Benlamri, R. (2007) ‘Web-based context-aware m-learning 

architecture’, International Journal Interactive Mobile Technologies, Vol. 1, No. 1, pp. 5-10. 
Bayoumi, F. (2007) ‘Context aware systems: Present and future’, Proceedings of the IASTED European 

Conference, Internet and Multimedia Systems and Applications, Chamonix, France, pp. 208-213. 
Becker, C. and Durr, F. (2005) ‘On location models for ubiquitous computing’, Personal Ubiquitous 

Computing, Vol. 9, pp. 20-31. 
Berri, J., Benlamri, R. and Atif, Y. (2006) ‘Ontology-based framework for context-aware mobile learning’, 

Proceedings IWCMC’06, Vancouver, British Columbia, pp. 1307-1310, ACM. 
Bhaskar, N.U. and and Govindarajulu, P. (2008) ‘A design methodology for acceptability analyzer in 

context aware adaptive mobile learning systems development’, International Journal of Computer 
Science and Network Security, Vol. 8, No. 3, pp. 130-138. 

Biegel, G. and Cahill, V. (2004) ‘A framework for developing mobile, context-aware applications’, 
Proceedings of the Second IEEE Annual Conference on Pervasive Computing and Communications 
(PERCOM’04), IEEE. 

Bloom B. S. (1956) ‘Taxonomy of educational objectives- Handbook I: The cognitive domain’, New York: 
David McKay Co Inc. 

Bouzeghoub, A., Do, K.N. and Lecocq, C. (2007) ‘A situation-based delivery of learning resources in 
pervasive learning’, E.Duval, R. Klamma, and M. Wolpers (Eds.): EC-TEL 2007, LNCS 4573, pp. 
450-456. Springer-Verlag Berlin Heidelberg. 

Brusilovsky, P. Eklund, J. and Schwarz, E. (1998) ‘Web based education for all: A tool for development 
adaptive courseware’, Computer Networks and ISDN Systems (also in Proceedings of Seventh 
International World Wide Web Conference, 14-18 April 1998), Vol. 30, pp. 291-300. 

Brusilovsky, P. and Vassileva, J. (2003) ‘Course sequencing techniques for large-scale web-based 
education’, Int. J. Continuing Engineering Education and Lifelong Learning, Vol. 13, No. 1/2, pp. 75-
94. 

Burgos, D., Tattersall, C. and Koper, R. (2006) ‘Representing adaptive eLearning strategies in IMS 
learning design’, TEN Competence Conference, Sofia, Bulgaria. 

Carchiolo, V., Longheu, A. and Malgeri, M. (2002) ‘Adaptive formative paths in a Web-based learning 
environment’, Educational Technology & Society, Vol. 5, No. 4. 

Davis, S (2003) ‘Observations in classrooms using a network of handheld devices’, Journal of Computer 
Assisted Learning, Vol. 19, pp. 298-307. 

Dey, A.K. (2001) ‘Understanding and using context’, Personal and Ubiquitous Computing, Vol. 5, pp. 4-7. 
Dey, A.K. and Abowd, G. (2000) ‘Towards a better understanding of context and context-awareness’,  

Proceedings 2000 Conference on Human Factors in Computing Systems (CHI), The Hague, The 
Netherlands.  

Dick, W. and Carey, L. (1978) ‘The systematic design of instruction’, Harper Collins 
Economides, A.A. (2005a) ‘Personalized feedback in CAT’, WSEAS Transactions on Advances in 

Engineering Education, Issue 3, Volume 2, pp. 174-181, July.  
Economides, A.A. (2005b) ‘Adaptive orientation methods in computer adaptive testing’, Proceedings E-

Learn 2005 World Conference on E-Learning in Corporate, Government, Healthcare, and Higher 
Education, AACE. 

 15



Economides, A.A. (2006a) ‘Emotional feedback in CAT (Computer Adaptive Testing)’, International 
Journal of Instructional Technology & Distance Learning, Vol. 3, No. 2, pp. 11-20. 

Economides, A.A. (2006b) ‘Adaptive feedback characteristics in CAT (Computer Adaptive Testing)’, 
International Journal of Instructional Technology & Distance Learning, Vol. 3, No. 8, pp. 15-26.  

Economides, A.A. (2006c) ‘Adaptive mobile learning’, Proceedings IEEE WMUTE - 4th International 
Workshop on Wireless, Mobile and Ubiquitous Technologies in Education, pp. 26-28, Athens, Greece. 

Economides, A.A. (2007) ‘On evaluation of adaptation engines’, Proceedings of the 10th IASTED 
International Conference on Computers and Advanced Technology in Education (CATE 2007), 
Beijing, China. 

Economides, A.A. and Roupas, C. (2007) ‘Evaluation of computer adaptive testing systems’, International 
Journal of Web-Based Learning and Teaching Technologies, Vol. 2, Issue 1, pp. 70-87.   

Economides, A.A. and Nikolaou, N. (2008) ‘Evaluation of handheld devices for mobile learning’, 
International Journal of Engineering Education (IJEE), Vol. 24, No. 1, pp. 3-13. 

Economides, A.A. and Grousopoulou, A. (2008) ‘Use of mobile phones by male and female Greek 
students’, International Journal of Mobile Communications (IJMC), Vol. 6, No. 6, pp. 729-749. 

Economides, A.A. (2008a) ‘Requirements of mobile learning applications’, International Journal of 
Innovation and Learning, Vol. 5, No. 5, pp. 457-479. 

Economides, A.A. and Moridis, C.N. (2008) ‘Adaptive self-assessment trying to reduce fear’, Proceedings 
First International Conference on Advances in Computer-Human Interaction. ACHI  2008, Martinique, 
pp. 158-163, IEEE Computer Soc. Press. 

Economides, A.A. (2008b) ‘Context-aware mobile learning’, The Open Knowledge Society, A Computer 
Science and Information Systems Manifesto, First World Summit, WSKS 2008, Athens, Greece, 
September 24-26, Proceedings. SPRINGER Communications in Computer and Information Science 
(CCIS) 19, pp. 213-220. 

Economides, A.A. (2008c) ‘Culture-aware collaborative learning’, Multicultural Education and Technology 
Journal, Vol. 2, No. 4, pp. 243-267. 

Eklund, J., and Brusilovsky, P. (1998) ‘The value of adaptivity in hypermedia learning environments: A 
short review of empirical evidence’, Brusilovsky and P. De Bra (eds.), Proceedings of Second 
Adaptive Hypertext and Hypermedia Workshop at the Ninth ACM International Hypertext Conference 
Hypertext'98. Pittsburgh (PA), pp. 11-17. 

Faraco, R.A., Rosatelli, M.C. and Gauthier, F.A.O. (2004) ‘Adaptivity in a learning companion system’, 
Proceedings of the IEEE International Conference on Advanced Learning Technologies (ICALT’04), 
IEEE. 

Felder, R.M. and Silverman, L.K. (1988) ‘Learning and teaching styles in engineering education’, 
Engineering Education, Vol. 78, No. 7, pp. 674-681. 

Healey, J., Hosn, R. and Maes, S.H. (2002) ‘Adaptive content for device independent multi-modal browser 
applications’, P. De Bra, P. Brusilovsky, and R. Conejo (Eds.): AH 2002, LNCS 2347, pp. 401–405. 

Herder, E. and van Dijk, B. (2002) ‘Personalized adaptation to device characteristics’, P. De Bra, P. 
Brusilovsky, and R. Conejo (Eds.): AH 2002, LNCS 2347, 598–602. 

Hofstede, G. (1980) ‘Culture's consequences: International differences in work-related values’, Newbury 
Park, CA: Sage. 

Gardner, H. (1983) ‘Frames of mind: The theory of multiple intelligences’, New York: Basic. 
Gardner, H. (2006) ‘Changing minds. The art and science of changing our own and other people's minds’, 

Boston MA.: Harvard Business School Press. 
Georgouli, K. (2004) ‘WASA: An intelligent agent for Web based self-assessment’, Kinshuk, Sampson, D. 

and Isaias, P. (Eds.), Cognition and Exploratory Learning in Digital Age (CELDA 2004), pp. 43-50. 
Groth, K., Bogdan, C., Lindqvist, S. and Sundblad, Y. (2007) ‘Simple and playful interaction for informal 

communication and learning’, International Journal of Knowledge and Learning, Vol. 3, No. 2/3, pp. 
191-208. 

Hill, J.R. (2007) ‘Reflection on resource-based learning environments: Continuing the exploration of 
opportunities and obstacles’, International Journal of Knowledge and Learning, Vol. 3, No. 1, pp. 12-
29. 

 16



Hu, B. and Moore, P. (2007) ‘“SmartContext”: An ontology based context model for cooperative mobile 
learning’, W. Shen et al. (Eds.): CSCWD 2006, LNCS 4402, pp. 717-726. Springer-Verlag Berlin 
Heidelberg. 

IEEE PAPI http://ltsc.ieee.org
IMS LIP http://www.imsglobal.org
IEEE LOM http://ltsc.ieee.org
Indulska, J. and Sutton, P. (2003) ‘Location management in pervasive systems’, Johnson, C. Montague, P. 

and Steketee, C. (Eds.), Workshop on Wearable, Invisible, Context-Aware, Ambient, Pervasive and 
Ubiquitous Computing, Conferences in Research and practice in Information Technology, Vol. 21, 
Australian Computer Society. 

Jameson, A. (2001) ‘Modelling both the context and the user’, Personal and Ubiquitous Computing, Vol. 5, 
pp. 29-33. 

Kay, K. (2001) ‘Learner control’, User Modeling and User-Adapted Interaction, Vol. 11, pp. 111-127. 
Kekwaletswe, R.M. and Ngambi, D. (2006) ‘Ubiquitous social presence: Context-awareness in a mobile 

learning environment’, Proceedings of the IEEE International Conference on Sensor Networks, 
Ubiquitous, and Trustworthy Computing (SUTC’06), pp. 1-6, IEEE. 

Kelly, D. and Tangney, B. (2006) ‘Adapting to intelligence profile in an adaptive educational system’, 
Interacting with Computers, Vol. 18, pp. 385–409. 

Klett, F. (2005) ‘The challenge in learning design concepts: Personalization and adaptation in virtual 
arrangements’, Proceedings ITHET 6th Annual International Conference, IEEE. 

Kolb, D.A. (1984) ‘Experiential learning’, Englewood Cliffs, NJ: Prentice-Hall 
Kurzel, F., Slay, J. and Chau, Y. (2002) ‘Towards an adaptive multimedia learning environment’, 

Informing Science InSITE - “Where Parallels Intersect”.  
Lamboudis, D. and Economides, A.A.(2004) ‘Adaptive exploration of user knowledge in computer based 

testing’, WSEAS Transactions on Communications, Vol. 3, No. 1, pp. 322-327. 
Lin, C.-B., Young, S.S.-C., Chana, T.-W. and Chen, Y.-H. (2005) ‘Teacher-oriented adaptive Web-based 

environment for supporting practical teaching models: a case study of ‘‘school for all’’, Computers & 
Education, Vol. 44, pp. 155–172.  

Lonsdale, P., Baber, C., Sharples, M. and Arvanitis, T.N. (2003) ‘A context awareness architecture for 
facilitating mobile learning’, Proceedings MLEARN. 

Lytras, M.D. (2007) ‘Teaching in the Knowledge society: An art of passion’, International Journal of 
Teaching and Case Studies, Vol. 1, No. 1/2, pp. 1-9. 

Lytras, M.D. and Sicilia, M.A. (2005) ‘The knowledge society: A manifesto for knowledge and learning’, 
International Journal of Knowledge and Learning, Vol. 1, No. 1/ 2, pp. 1-11. 

Martin, E., Carro, R.M. and Rodriguez, P. (2006) ‘A mechanism to support context-based adaptation in m-
learning’, W. Neijdl and K. Tuchtermann (Eds.): EC-TEL 2006, LNCS 4227, pp. 302-315, Springer-
Verlag Berling Heidelberg. 

Moridis, C.N. and Economides, A.A. (2008a) ‘A computer method for giving adequate feedback to 
students current mood’, IEEE Multidisciplinary Engineering Education Magazine (selected papers 
presented at IMCL 2008), Vol. 3, No. 3, pp. 104-107. 

Moridis, C.N. and Economides, A.A. (2008b) ‘Modelling student’s mood during an online self-assessment 
test’, The Open Knowledge Society, A Computer Science and Information Systems Manifesto, First 
World Summit, WSKS 2008, Athens, Greece, September 24-26, Proceedings. SPRINGER 
Communications in Computer and Information Science (CCIS) 19, pp. 334-341. 

Mukhija, A. and Glinz, M. (2004) ‘A framework for dynamically adaptive applications in a self-organized 
mobile network environment’, Proceedings of the IEEE 4th International Workshop on Distributed 
Auto-adaptive and Reconfigurable Systems at the 24th International Conference on Distributed 
Computing Systems (ICDCS), pp. 368-374. 

Petrelli, D., Not, E., Zancanaro, M., Strapparava, C. and Stock, O. (2001) ‘Modelling and adapting to 
context’, Personal and Ubiquitous Computing, Vol. 5, pp. 20-24. 

Poibas, A.C. (2007) ‘Teaching appropriate ethnographic methodologies for pervasive computing, 
International Journal of Teaching and Case Studies, Vol. 1, No. 1/2, pp. 135-145. 

 17

http://ltsc.ieee.org/
http://www.imsglobal.org/
http://ltsc.ieee.org/


Porta, M. (2007) ‘E-learning and machine perception: In pursuit of human-line interaction in computer-
based teaching systems’, International Journal of Knowledge and Learning, Vol. 3, No. 2/3, pp. 281-
298. 

Raisinghani et al. (2004) ‘Ambient intelligence: changing forms of human-computer interaction and their 
social implications’, Journal of Digital Information, Vol. 5, No. 4, Article No. 271.  

Roibas, A.C. (2007) ‘Teaching appropriate ethnographic methodologies for pervasive computing’, 
International Journal of Teaching and Case Studies, Vol. 1, No 1/2, pp. 135-145. 

Ryan, N., Pascoe, J. and Morse, D. (1998) ‘Enhanced reality fieldwork: The context-aware archaeological 
assistant’, Computer Applications in Archaeology, British Archaeological Reports, Oxford.  

Schilit, B.N., Theimer, M.M. and Welch, B.B. (1993) ‘Customizing mobile applications’, Proceedings of 
the USENIX Symposium on Mobile and Location-Independent Computing, (USENIX Association), 
pp. 129–138. 

Schilit, B., Adams, N. and Want, R. (1994) ‘Context-aware computing applications’, Proceedings of IEEE 
Workshop on Mobile Computing Systems and Applications, pages 85-90, Santa Cruz, California, 
IEEE Computer Society Press. 

Schilit, B.N. and Theimer, M.M. (1994) ‘Disseminating active map information to mobile hosts’, IEEE 
Networks, Vol. 8, No. 5, pp. 22-32. 

Schmidt, A., Beigl, M. and Gellersen, H.W. (1999) ‘There is more to context than location’, Computers and 
Graphics Journal, Vol. 23, No. 6, pp. 893-902. 

SCORM www.adlnet.org 
Sismanidis, E. and Economides, A.A. (2007) ‘User friendly congestion pricing in 3G’, Ubiquitous 

Computing and Communication Journal, Vol. 2, No. 2, pp. 27-36. 
Souto, M.A.M., Verdin, R., Wainer, R., Madeira, M., Warpechowski, M., Beschoren, K., Zanella, R., 

Correa, J.S., Vicari, R.M. and de Oliveira, J.P.M. (2002) ‘Towards an adaptive Web training 
environment based on cognitive style of learning: An empirical approach’, P. De Bra, P. Brusilovsky, 
and R. Conejo (Eds.): AH 2002, LNCS 2347, pp. 338–347. 

Sung, M., Gips, J., Eagle, N., Madan, A., Caneel, R., Devaul, R., Bonsen, J. and Pentland, A. (2005) 
‘Mobile-IT education (mit.edu): m-learning applications for classroom settings’, Journal of Computer 
Assisted Learning, Vol. 21, pp. 229-237. 

Tamminen, S., Oulasvirta, Toiskallio, K. and Kankaninen, A. (2004) ‘Understanding mobile contexts’, 
Personal and Ubiquitous Computing, Vol. 8, pp. 135-143. 

Tatar, D., Roschelle, J., Vahey, P. and Penuel, W.R. (2003) ‘Handhelds go to school: Lessons learned’, 
IEEE Computer, Vol. 36, No. 9, pp. 30-37. 

Tretiakov, A. and Kinshuk, (2004) ‘A unified approach to mobile adaptation of educational content’, 
Proceedings of the IEEE International Conference on Advanced Learning Technologies (ICALT’04), 
IEEE. 

Triantafillou, E., Georgiadou, E. and Economides, A.A. (2008a) ‘The design and evaluation of a 
computerized adaptive test on mobile devices’, Computers & Education, Vol. 50, pp. 1319-1330. 

Triantafillou, E., Georgiadou, E., and Economides, A.A. (2008b) ‘CAT-MD: Computerized adaptive 
testing on mobile devices’, International Journal of Web-Based Learning and Teaching Technologies 
(extended versions of the best papers presented at m-ICTE2006 Conference), Vol. 3, No. 1, pp. 13-20. 

Trompenaars, F. and Hampden-Turner, Ch., (1997) ‘Riding the waves of culture’, Nicholas Brealey Publ. 
Ltd.  

Vasiliou, A. and Economides, A.A. (2007a) ‘Mobile collaborative learning using multicast MANETs’, 
International Journal of Mobile Communications (IJMC), Vol. 5, No. 4, pp. 423-444.  

Vasiliou, A. and Economides, A.A. (2007b) ‘Game-based learning using MANETs’, N. Mastorakis and Ph. 
Dondon (eds.), Proceedings of the 4th WSEAS/ASME International Conference on Engineering 
Education (EE’07), pp. 154-159, Agios Nikolaos, Crete. Greece. WSEAS Press. 

Vasiliou, A. and Economides, A.A. (2008) ‘MANET-based outdoor collaborative learning’, Proceedings 
3rd International Conference on Interactive Mobile and Computer Aided Learning (IMCL), Amman, 
Jordan. 

Vassileva, J. (1998) ‘DCG + GTE: Dynamic courseware generation with teaching expertise’, Instructional 
Science, Vol. 26, No. 3/4, pp. 317-332. 

 18



Wang, H.-C., Li, T,-Y. and Chang, C.-Y. (2004) ‘Adaptive presentation for effective Web-based learning 
of 3D content’, Proceedings of the IEEE International Conference on Advanced Learning 
Technologies (ICALT’04), IEEE. 

Waycott, J. and Kukulska-Hulme, A. (2003) ‘Students’ experience with PDAs for reading course 
materials’, Personal and Ubiquitous Computing, Vol. 7, pp. 30-43. 

Weber, G. and Brusilovsky, P. (2001) ‘ELM-ART: An adaptive versatile system for Web-based 
instruction’, International Journal of Artificial Intelligence in Education, Vol. 12, pp. 351-384. 

Witkin, H.A., Moore, C.A., Goodenough, D.R. and Cox, P.W. (1977) ‘Field dependent and field 
independent cognitive styles and their educational implications’, Review of Educational Research, Vol.  
47, No. 1, pp 1-64. 

Wolpers, M. and Grohmann, G. (2005) ‘PROLEARN: Technology enhanced learning and knowledge 
distribution for the corporate world’, International Journal of Knowledge and Learning, Vol. 1, No. 1-
2, pp. 44-61. 

Yau, J. and Joy, M. (2007a) ‘Architecture of a context-aware and adaptive learning schedule for learning 
Java’, Proceedings Seventh IEEE International Conference on Advanced Learning Technologies 
(ICALT), pp. 1-5. 

Yau, J. and Joy, M. (2007b) ‘A context-aware and adaptive learning schedule framework for supporting 
learners’ daily routines’, Proceedings Second International Conference on Systems (ICONS'07), IEEE, 
pp. 1-6. 

 

 19


