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ABSTRACT

Knowledge it could be argued is constructed from the information actors pick up from the environments 
they are in. Assessing this knowledge can be problematic in ubiquitous e-learning systems, but a method 
of supporting the critical marking of e-learning exercises is the Circle of Friends social networking tech-
nology. Understanding the networks of practice in which these e-learning systems are part of requires 
a deeper understanding of information science frameworks. The Ecological Cognition Framework 
(ECF)	provides	a	thorough	understanding	of	how	actors	respond	to	and	influence	their	environment.	
Forerunners to ecological cognition, such as activity theory have suggested that the computer is just 
a tool that mediates between the actor and the physical environment. Utilising the ECF it can be seen 
that	for	an	e-learning	system	to	be	an	effective	teacher	it	needs	to	be	able	to	create	five	effects	in	the	
actors that use it, with those being the belonging effect, the demonstration effect, the inspiration effect, 
the	mobilisation	effect,	and	the	confirmation	effect.	In	designing	the	system	a	developer	would	have	to	
consider who the system is going to teach, what it is going to teach, why it is teaching, which techniques 
it	is	going	to	use	to	teach	and	finally	whether	it	has	been	successful.	This	chapter	proposes	a	multi-agent	
e-learning system called the Portable Assistant for Intelligently Guided Education (PAIGE), which is 
based around a 3D anthropomorphic avatar for educating actors ubiquitously. An investigation into the 
market for PAIGE was carried out. The data showed that those that thought their peers were the best 
form of support were less likely to spend more of their free time on homework. The chapter suggests 
that future research could investigate the usage of systems like PAIGE in educational settings and the 
effect they have on learning outcomes.

DOI: 10.4018/978-1-60566-703-4.ch005



The Role of Multi-Agent Social Networking Systems in Ubiquitous Education

INTRODUCTION

E-Learning is a term that describes electronically 
supported information systems that seek to impart 
knowledge. Or is it not as clear as that? Brown 
& Duguid (2002) ask whether there is something 
that the term knowledge catches that information 
does not and goes on to talk about networks of 
practice where actors within them have practice 
and knowledge in common. Mantovani (1996) 
suggests that knowledge is something that is 
constructed through social context and Suchman 
(1987) argues that plans, which can be seen as 
cognitive structures, are resources for action, 
suggesting that they are what affect the practice 
of an actor. These authors would seem to suggest 
that knowledge is what groups of actors construct 
through their individual interpretations of the 
information they share during their participation 
networks of practice.

Educational institutions that use electronic 
means to deliver their learning can be considered 
to be e-learning networks of practice. The use 
of e-learning systems in these networks opens 
up the possibility of increasing the flow of in-
formation and the use of knowledge, where the 
participants can support each other as critical 
friends. Such e-learning systems can make use of 
peer-assessment techniques, which can enhance 
self-directed learning and reflection (English, 
Brookes, Avery, Blazeby, & Ben-Shlomo, 2006). 
One social networking methodology that can 
achieve this is the Circle of Friends, which has 
the potential to act as a learner’s list of approved 
peers, who could peer-assess their work critically 
and fairly. The Circle of Friends fits into a long 
history of using the Internet as an environment for 
developing relationships and increasing sociability 
(Weng, 2007). The first social networking service 
on the Web was Classmates.com, which launched 
in 1995 and used the Old School Tie social net-
working method, which is defined as a method 
for building networks of users using the schools 
and universities they graduated from. This was 

followed in 1997 with the launch of SixDegrees.
com, which utilised the Web of Contacts model, 
which is defined as a technique for displaying 
social networks using social networking analysis 
that the user doesn’t manage it. The advantage 
of the Circle of Friends, which was developed in 
1999 as part of the Virtual Environments for Com-
munity and Commerce (VECC) Project (Bishop, 
2002; Bishop, 2007a is that it allows the user to 
manage their network and decide who they want 
to be friends with. The 2001 implementation of 
the Circle of Friends as part of Llantrisant.com 
allowed users to classify their friends according 
to whether they trusted them or not, combining it 
with the Circle of Trust that was also developed in 
1999. One of the potential problems of the Circle 
of Friends is that it might promote “friendship 
marking”, which B. L. Mann (2006) defines as 
peer over-marking where there is a reluctance to 
provide critical comments and suggest that such 
problem may not be easily overcome by using 
online peer assessment. Understanding how people 
learn through peer-assessment and the role of 
technology such as the Circle of Friends in enhanc-
ing the learning outcomes of learners requires a 
deeper understanding of human behaviour within 
networks of practice.

BACKGROUND

Understanding networks of practice draws on 
various aspects of information science, including 
emerging fields such as post-cognitive psychology. 
It has been argued that there should be a framework 
for understanding actors based on ecological per-
ceptual psychology (Kyttä, 2003) . It is quite clear 
that any model to explain the behaviour of actors 
that ignores the possibly of direct perception, or 
one that ignores the role of the environment as-
suming that actors are wholly self-motivated and 
independent of their environment cannot fully 
explain the behaviour of actors in either physical 
or virtual environments. The Ecological Cogni-
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tion Framework proposed by (Bishop, 2007b 
provides a thorough understanding of how actors 
respond to and influence their environment. Ac-
cording to Rasmussen, Duncan, & Leplat (1987) 
the classification of human performance in skill, 
rule and knowledge-based situations behaviour 
is the role of the information observed from the 
environment. As can be identified in Figure 1, 
the ECF suggests that there are three levels that 
affect an actor’s behaviour, connected through 
arrows that represent the process from the actor 
perceiving their environment through to making 
changes to it.

The six processes of the ECF according to 
Bishop (2007c are the Stimulus (from the Envi-
ronment to Level 3), the Impetus (From Level 
3 to Level 2), Intent (From Level 2 to Level 1), 
The Neuro-Response (from Level 1 to Level 2), 
The Judgement (from Level 2 to Level 3) and the 
Response (from Level 3 to the Environment). A 
stimulus is a detectable change in an actor’s body’s 
internal or external environment (Layman, 2004) 

and an actor will be influenced by a stimulus from 
those elements within the environment, such as 
structures, artefacts and actors, those actors be-
ing either themselves or others. The difference 
between how a stimulus is represented in the 
ECF and how classical psychologists thought of 
it is that in the ECF the stimulus is not connected 
to a so-called reflex, but creates the impetus for 
change in the actor. According to McClure (2003) 
a stimulus is anything that arouses activity either 
internally or externally. When an actor perceives 
a stimulus using their senses (Level 3 of the ECF) 
this results in an impetus, which is represented in 
the ECF by the arrow between Level 3 and Level 
2. Bishop (2007c described five impetuses, which 
are affordances, resonances and cognizances, af-
fectances and urgeances. Actors may experience 
many stimuli that initiate many impetuses, but 
nothing will come of these unless the actor creates 
the intent to exploit them, as represented by the 
arrow in the ECF between Level 2 and Level 1. 
Intent is created after an impetus interacts with 

Figure 1. The ecological cognition framework
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one of the cognitions at Level 2. Dependent on the 
intent, the actor next experiences a Neuroresponse, 
represented in the ECF as the arrow between 
Level 1 and Level 2. The Neuroresponse results 
in a change in the cognitions of an actor, which 
can result in them experiencing dissonance if the 
additional cognition is not consonant with their 
existing cognitions. In psycho-analytical theory 
(Freud, 1933) this stage, which is represented in 
the ECF by the arrow between Level 2 and Level 
3, was thought to occur because of a conflict 
between the id and the ego, but in the context 
of the ECF it can be seen to occur because of a 
change in cognitions. The response to a stimulus 
was in classical psychology seen as a reflex, but 
as can be seen by the many stages of the ECF, 
where the response is represented as the arrow 
between Level 3 and the Environment, it occurs 
not simply as a result of a reflex, but as the result 
of the cognitive processes identified above. The 
response changes the environment, either intrinsi-
cally though modifying the actor, or extrinsically 
though them modifying their environment. This 
is summarised in Table 1.

Ecological Cognitive 
Learning Theory

The Ecological Cognition Framework, pre-
sented in Figure 1 provides the theoretical basis 
for understand how learning occurs in environ-
ments through the actors that take part in them. 
Figure 2 provides a visual representation of the 
Ecological Cognitive Learning Theory (ECLT) 
proposed by (Bishop, 2007d). The outer segments 
consist of the senses that form part of Level 3 of 
the ECF. The next segments inwards consist of the 
types of stimuli and response that are at between 
Level 3 and the Environment in the ECF. The 
five stages of learning can be seen in the arrows 
that makeup the outer circle. The five stages of 
developing learning materials can been seen in the 
inner circle, where ‘who’ the learning is targeted 
at is labelled Dependents. Yardsticks is the label 
for ‘what’ is being taught. Standpoints is the label 
‘why’ it is being taught. Guides is the label for 
‘which’ methods will be used. Understandings 
(making up the acronym DYSGU, the Welsh 
word for learn/teach) is the label for ‘whether’ it 
has been successful. The nature and focus of an 

Table 1. Elements in the processes of the ECF 

Process Description

Stimulus Connects the environment to Level 3. Can include Social (e.g.. what people hear), Gross (i.e. what people 
feel physically), Emotional (e.g. what people feel emotionally), Mental (i.e. what people sense through 
their thoughts) or Active (e.g. what people sense through sight)

Impetus Connects Level 3 to Level 2. Can include Affordance (activated by Active), Resonance (activated by 
Social), Cognizance (activated by Mental), Affectance (activated by Emotional), Urgeance (activated 
by Gross)

Intent Connects Level 2 to Level 1. The impetus will cause either a Doxa (activates a belief), Identification 
(activates a value), Bond (activates an interest) Enigma (activates a plan), or a Need (activates a goal)

Neuroresponse Connects Level 1 to Level 2. The force resultant from the Intent causes a Neuroresponse, which can either 
be a Convention (creates a value), Relation (creates an interest), Episteme (creates a belief), Ambition 
(creates a goal), Desire (creates a plan).

Judgement Connects Level 2 to Level 3. After a new cognition being created, the actor has to decide what do with 
it. The Judgement will be either Deference (cognition accepted without dissonance), Intemperance 
(cognition accepted after dissonance resolved), Retecance (cognition neither accepted or rejected and 
dissonance still present), Temperance (cognition rejected and dissonance resolved), Ignorance (cognition 
rejected without any dissonance)

Response Connects Level 3 to the Environment. Acts on the Judgement, with the same elements as Stimuli, result-
ing in a change in the actor or their environment. 



The Role of Multi-Agent Social Networking Systems in Ubiquitous Education

actor’s cognitions are at Level 2 of the ECF and 
can be seen in the centre of the model.

According to Bishop (2007d) for an e-learning 
system to be an effective teacher it needs to be able 
to create the five effects in the actors that use it 
identified above, with those being the belonging 
effect, the demonstration effect, the inspiration 
effect, the mobilisation effect, and the confirma-
tion effect. In designing the system a developer 
would have to consider who the system is going to 
teach, what it is going to teach, why it is teaching, 
which techniques it is going to use to teach and 
finally whether it has been successful.

Existing theories of learning such as experi-
ential learning (Kolb, 1984) offer an incomplete 
understanding of the learning process because 
they miss out the important process of bonding 
(Bishop, 2007d). If Vygotsky (1930) is correct in 
his view that a actor can learn more with the aid 
of a more competent person, then the relation-

ship between the learner and the educator needs 
to be cognitively developed through the learner 
experiencing the belonging effect and developing 
an interest in the educator. An actor can be made 
to experience the belonging effect when a source 
provokes an actor into developing an interest in the 
source. An interest can be provoked by a source 
through the ingratiation process, and in groups 
through the bonding process, whereby participants 
become more cohesive, and is achieved through 
specific types of ‘ice-breaker’ (Jackson, 2001). 
An ice-breaker can be defined as a game or short 
activity that allows the educator and the learner 
to get to know each other at the start of a course, 
something which can also be used as a warm-up 
activity at the start of a session (Corder, 2002). 
Ceccucci & Tamarkin (2006) argue that ice-
breakers can be suitable for electronic learning 
environments, particularly as they point out that 
these environments can be somewhat isolating to 

Figure 2. Ecological cognitive learning theory
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the learner. They argue that online ice-breakers 
can be used by educators to accomplish a variety 
of goals, such as introducing learners to one an-
other, sharing experiences, benefiting from team 
learning, increasing participation, or encouraging 
learners to develop constructive online relation-
ships throughout the course and allow students 
get to know one another on a personal basis. The 
ice-breaker could contribute to making a learner 
experience the belonging effect, in which they 
develop an interest in the e-learning system and 
the others on the same course.

An e-learning system or its participants that a 
learner has an interest in is well placed to help a 
learner develop a new skill by building on their 
knowledge through making them experience the 
demonstration effect. Rushby, 1979a, 1979b) 
argues that in order to guide learners effectively 
and to provide useful information to educators, 
an e-learning system must maintain records about 
the learner’s performance and progress. Having 
a record of what a learner knows can be useful 
in targeting new information at them that is in 
keeping with what they believe and value, so as to 
create the demonstration effect in them. Through 
providing learning materials customised to the 
learner, they can be encouraged to build on what 
they already know and through the sub-conscious 
encoding process develop beliefs and values that 
are in their interests. For example an e-learning 
system could gather information on the learner’s 
favourite television programmes. An e-learning 
system can create the belonging effect in the ac-
tors that use it, providing the foundation to create 
beliefs and values in the actor through creating the 
demonstration effect, but an actor will not be able 
to enact a demonstrated skill unless the e-learning 
system can create a goal in the learner through the 
inspiration effect, which goes beyond collecting 
data on the individual learner and providing cus-
tomised learning materials. As LeWinter (2003) 
put it, “to teach, it is good / to motivate, it is better 
/ but our goal, to inspire / can’t be measured by a 
grade or a letter.” An e-learning system should uti-

lise a learner’s values and inspire them to develop 
goals to utilise the knowledge they have gained 
through using the system. One of the most utilised 
processes in education that create the inspiration 
effect is the encouragement process as proposed 
by Dinkmeyer & Dreikurs (1963), which when 
applied by an educator can inspire a learner with 
the goals to do their best (Coop & White, 1974). 
A way to create the inspiration effect in actors is 
through persuasive dialogue, as recommended 
by Lickona (1983) for those persuading young 
learners to develop goals about their future. An 
e-learning system that has inspired a learner to 
create goals can utilise these to mobilise them 
to develop plans to utilise the knowledge they 
have gained, thus creating the mobilisation ef-
fect in the actor. One way an e-learning system 
can create the mobilisation effect in the learner is 
through the interaction process, which Allwright 
(1984) indicates changes the plans of educator and 
learner. Battistich, Solomon, & Delucchi (1993) 
suggested that the interaction process requires 
collaborative learning groups, though cites 
Webb (1982) who indicates that this process has 
not been fully investigated. An e-learning system 
could utilise the interaction process through allow-
ing collaboration between the different users and 
through allowing the learner to interact with the 
system, which could suggest actions in order to 
create the mobilisation effect and allow the actor 
to develop skills. After a learner has experienced 
the mobilisation effect and made changes to their 
environment as a result, the next step for them is 
to experience the confirmation effect, through 
the reflection process. Much research has been 
done into the process of reflection, most notably 
by Kolb (1984) and Honey & Mumford (1986). 
These authors argue that the reflection process is 
essential after a learning experience, such as that 
created by the mobilisation effect. Other authors 
such as Vygotsky (1930) refer to this process as 
internalisation, whereby an external operation 
becomes internalised. One effective means of 
enabling learners to go through the reflection 
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process to experience the confirmation effect in 
an e-learning system is the use of weblogs, as 
proposed by Bishop (2004).

TOWARDS AN MOBILE 
E-LEARNING SySTEM USING 
SOCIAL NETWORKING AND 
AGENT-BASED TECHNOLOGIES

Forerunners to ecological cognition, such as 
activity theory have suggested that the computer 
is just a tool that mediates between the actor and 
the physical environment (Engeström, 1993; 
Kaptelinin, 1996; Nardi, 1996b). Despite its limi-
tations activity theory has been applied to human 
computer interaction in general (Nardi, 1996a) 
and e-learning specifically (Uden, 2007). While 
activity theory has its theoretical limitations, which 
are addressed by ecological cognition, some of 
the conclusions drawn by Vygotsky (1930) can 
be explained by ecological cognition and are use-
ful in developing e-learning systems. Vygostky’s 
Zone of Proximal Development (ZPD) suggests 
there is a distance between the actual development 
level of a learner as determined by what they can 
achieve independently and the level of potential 
development as determined by what they can 
achieve with the support of more capable peers. 
Whilst some of those utilising Vygotsky’s work 
have argued that the computer is no more than 
a mediating artefact, others have argued that a 
computer interface provides mediating artefacts 
(e.g. Bishop, 2005).

The Portable Assistant for 
Intelligently Guided Education

The author proposes a multi-agent e-learning 
system called the Portable Assistant for Intel-
ligently Guided Education (PAIGE), which is 
based around a 3D anthropomorphic avatar for 
educating actors ubiquitously and was developed 
using Bishop (2007a’s adaptation of the star 

lifecycle and the PASS approach proposed by 
Bishop (2004), which indicated that e-learning 
systems should be persuasive, adaptive, sociable 
and sustainable. According to Foroughi & Rieger 
(2005), in the area of e-learning, avatars have 
mainly been implemented in custom made ap-
plications for the purpose of on-the-job training, 
where the training is conveyed through role play 
scenarios with instructions with the main inter-
active avatar normally representing the learner 
and depending on the training task, while other 
avatars play other people involved in the learning 
scenario. Whilst the avatar in PAIGE is used for 
demonstrations, it does not represent the learner, 
but interacts with them.

Content Issues

The Content of PAIGE supports the learning 
programmes as part of Glamorgan Blended 
Learning’s Emotivate Project. GBL teaches its 
course in three segments that take account of the 
Ecological Cognition Learning Theory presented 
above, which are ‘Learn’, where the belonging 
and demonstration effects take place, ‘Create’, 
where the inspiration and mobilisation effects 
take place and ‘Communicate’, where the confir-
mation effect occurs followed by the belonging 
effect once more. The learning outcomes of the 
Basic Football Skills learning programme include 
for learners to identify the appropriate playing 
area and the necessary equipment, describe and 
demonstrate the main rules of the game, set up 
small game situations to test the skills learned, 
perform simple skills on the football pitch and 
evaluate learning and performance.

Technology Issues

The mobile platform is well suited to using agents 
as its robust and fault-tolerant architecture means 
that it is able to overcome network latency prob-
lems that can occur with network-intensive agents 
(Lange & Oshima, 1999).
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Persuasive Architecture
The Persuasive architecture of PAGE includes 
multiple agents, which provide information to 
users through either prompts or responding to 
queries and persuade them to carry out particular 
actions or approach educational activities in a 
particular way.

Advice Agent
The Advice Agent assists learners with the Bond-
ing Stage of the Ecological Cognition Learning 
Theory identified above, which creates the belong-
ing effect. It has long been argued that computer 
systems should know their audience and present 
information in a language familiar to them and it 
has also long been recommended that a system 
be evaluated on whether it ‘speaks the user’s 
language’ and it has been argued that developers 
should, ‘use wording and language that can be 
understood entirely by the target audience’ (Ozok 
& Salvendy, 2004).

Reddy & Lewis (2002) suggested that intel-
ligent computer systems can detect and respond 
to stimuli in an environment, followed by Bishop 

(2003) investigating the use of an audio-visual 
stimuli detecting mobile phone for translating 
social stimuli for users with social impairments, 
finding that those with autistic spectrum disorders 
found the e-learning system useful for translating 
other’s complex phrases into more understandable 
ones. Bishop’s system, called the Portable Affect 
Recognition Learning Environment (PARLE), 
utilised affect recognition algorithms to trans-
late communicated messages for those who had 
difficultly understanding them. The reliability 
of affect recognition algorithms to interpret the 
emotions held in the structures of faces and pat-
terns of speech are fundamental in order for the 
mobile educational agent to be effective. There 
has been a significant amount of research into 
facial affect recognition (FAR) and speech af-
fect recognition (SAR), investigating both the 
technical and practical aspects of implementing 
emotion recognition agents (ERAs) on desktop 
platforms. Facial expressions are generated by 
contractions of facial muscles, which results in 
temporally deformed facial features such as eye 
lids, eye brows, nose, lips and skin texture, often 
revealed by wrinkles and bulges. Fasel & Luettin 
(2003) found that some FAR agents are restricted 
due to the robustness of these systems and the 
constraints posed by recording conditions. A study 
by Petrushin (2000) investigated the potential of a 
SAR agent for distinguishing between ‘calm’ and 
‘agitated’ emotional states of callers to a telephone 
support centre, delivering 77% accuracy and 
being flexible enough to be built into e-learning 
systems with the potential to assist individuals in 
developing emotional skills.

Pedagogical Agent
A pedagogical agent is a form of computational 
support, which enriches the social context in a 
social learning environment either by providing 
virtual participants to enhance the member multi-
plicity of communities or by supporting facilities 
to foster communication among real participants 
(Chou, Chan, & Lin, 2003). PAIGE extends this 

Figure 3. PAIGE – A ubiquitous multi-agent social 
networking system
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through assisting the learner with the Encoding 
stage of learning identified in Ecological Cognition 
Learning Theory, helping them to develop beliefs 
and values though creating the demonstration 
effect. The main difference between Animated 
Pedagogical Agents and other agents is that APAs 
use avatars to exhibit life-like characteristics and 
emotions in order to improve the attitude of users 
towards the VLE they are using and enhance their 
learning experience (Lester, Converse, Stone, 
Kahler, & Barlow, 1997). The persuasive functions 
of the APA include presenting information to learn-
ers to encourage particular actions and receiving 
information to personalise the system and make 
it more persuasive. Using the principles of argu-
mentation theory, the APA encourages learners 
to think about the content on the current screen 
they are viewing in a particular way and carry 
out specific actions in order to beet the learning 
outcomes of the lesson. When applied to virtual 
environments, argumentation theory suggests that 
as users pursue their own goals, a system should 
be designed so that it uses negotiation techniques 
to achieve cooperation with the user in order to 
change their attitudes or behaviour (Kraus, Sycara, 

& Evenchik, 1998). This is implemented into 
the system through requiring the user to interact 
with the APA at specific occasions (e.g. when a 
screen loads or closes) in order to persuade them 
to carry out particular actions, such as encourag-
ing those who are sharing the same machine to 
share the keyboard and mouse, or persuade them 
to provide information, such as their interests and 
hobbies in order for the content to be adapted. In 
addition to the persuasive functions, the APA uses 
the suggestive technology that formed part of the 
PARLE System (Bishop, 2003) to provide learn-
ers with additional information on the mean of 
words and phrases that are stored in the database. 
This function is activated through either the user 
clicking on a highlighted word or through them 
conducting a query, such as ‘What is an agent?’. 
In order to provide the learner with the correct 
definition, the system is context aware to the 
degree that it recognises the subject and topic of 
the activity the user is currently carrying out and 
matches it to the appropriate word stored in the 
database. For example, if the user was studying 
ICT the definition of the word, ‘agent’ would be 
‘a program that works automatically on routine 

Figure 4. Processes of the PAIGE System
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tasks specified by a user…’, whereas if they were 
studying business it would be ‘somebody repre-
senting somebody else in business…’.

Persuasive Agent
The persuasive agent assists learners at the En-
couraging stage of learning identified by Eco-
logical Cognitive Learning Theory, helping the 
learner develop goals appropriate to the learning 
activity though creating the inspiration effect. 
Sklar, Parsons, & Davies (2004) investigated 
a persuasive agent that utilised argumentation 
techniques, which is extended by PAIGE through 
encouraging learners to think through a problem 
through presenting them with a problem and a 
false solution, which may lead them to object to 
the solution that an agent could follow up with 
asking them to justify their reaction, as depicted 
in Figure 3.

Interaction Agent
The interaction agent assists a learner in develop-
ing plans to realise their goals utilising the Inter-
action stage of learning identified by Ecological 
Cognitive Learning Theory, and thus create the 
mobilisation effect. Decker (1998) proposed an 
agent-based system that helped individuals man-
age their plans and schedule them accordingly. 
PAIGE extends this by prompting the learner to 
carry out a specific task and received feedback 
from them on the result of their actions.

Reflection Agent
The reflection agent helps a learner with the Re-
flecting stage of Ecological Cognitive Learning 
Theory through support of their peers, encouraging 
them to reflect on the learning activity they have 
been involved in so they validate their interests, 
beliefs, values, goals and plans thus creating the 
confirmation effect and completing the learning 
process. Recognising the benefits of learners re-
flecting on their learning, Goodman, Hitzeman, 
Linton, & Ross (2003) proposed a system that al-
lowed a system to work both with a collaborative 

learning system and with an electronic avatar as a 
peer, which can co-exist with human collaborators 
and interact as a partner to promote effective col-
laborative learning and problem solving through 
asking questions that get learners to think.

Adaptive Architecture
The Adaptive Architecture of PAIGE is based on 
adjusting the values of specific variables that con-
trol the text, graphics and functions of the system. 
The variables are set either locally via session 
variables by the user or though the override data-
base table that is used by educators. This has the 
advantage of providing the user with a more per-
sonalised and engaging interface. Educators also 
have the option to embed parameters into learning 
material to personalise it with textual artefacts that 
have been defined by the individual learner. This 
is achieved through placing the parameter into a 
specific part of the text and surrounding it with 
parentheses. For example, if the learner’s favourite 
actor was Tom Cruise, the text, “Write about a 
movie starring {User_Char_FavActor} that you 
enjoyed” would be converted into “Write about 
a movie starring Tom Cruise that you enjoyed”, 
which should create a positive attitude towards 
the activity as it is about something the learner 
is interested in. Furthermore, as the interests of 
secondary school learners are likely to change 
frequently, educational material will always appear 
current and relevant if the learner is encouraged to 
update their profile. In addition PAIGE includes 
Adaptive Learning Levels (ALLs), which is based 
on the Zone of Proximal Development (ZPD) 
that was developed by Vygotsky (1930), which 
indicates that a learner will be able to perform at 
a higher level when under the supervision of an 
educator or more competent peer that when they 
are learner by themselves. This is achieved through 
the educator assigning an individual learner levels 
for each subject, one based on the level they think 
they are currently able to achieve under examina-
tion conditions, and the other what they are able 
to achieve with the support of the educator or a 
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more competent peer. The wording of questions 
and statements is then adjusted based on the dif-
fering complexity of words in Bloom’s Taxonomy. 
This enables learners to be required to approach 
a task from different perspectives depending on 
whether they have the support of an educator or 
not. For example a learner at NC Level 5 would 
be required to focus of the application of artefacts, 
such as text or graphics, and one at Level 6 would 
be required to analyse the problem more.

Sociability Architecture
The Sociability Architecture is based on the 
principle that learning is a social process through 
which information is shared and that collaboration 
amongst educators and learners is desirable for 
meeting learning outcomes. Educators are likely 
to need to communicate with both classroom 
and distance learners when they are conducting 
a lesson, providing support for distance learning, 
providing feedback on assignments and other ac-
tivities, as well as responding to queries of learn-
ers when received by email or feedback forms. 
Learners are likely to need to communicate with 
each other when they are taking part in classroom 
activities, collaborating on group assignments, as 
well as when they want to discuss a topic outside 
planned activities. A chat facility is available in 
the system to enable learners to communicate 
with each other from device to device and allow 
distance learners to take part in classroom activi-
ties. A message board facility will enable learners 
to discuss topics set by the education as well as 
their own unrelated topics that would promote use 
of the VLE. The Weblog facility would enable 
learners to publish their reflections on classroom 
activities for others to see as recommended by 
Bishop (2004, 2007d)

Sustainability Architecture
To achieve the level of pervasiveness required to 
make the system sustainable, it has been designed 
to separate content from structural mark-up of 
nodes by storing it in a database. Through being 

separated from the mark-up, the artefacts that 
make up PAIGE, including text, graphics and 
downloadable files (e.g. Powerpoint, Word) are 
accessible by any node in the e-learning system, 
allowing them to be shared between educators and 
learners. The Shared Artefacts are also assigned 
a metadata descriptor, which is based on the e-
Government Interoperability Framework (e-GIF). 
The e-GIF metadata is unable to describe the 
context of an artefact, meaning its use is limited 
to basic forms of filtering and recommendation. 
However, through using a standardised classifi-
cation system, it makes it simpler for educators 
and learners to locate resources on any platform 
(Littlejohn, 2003).

EVALUATING THE MARKET 
FOR THE PAIGE SySTEM

PAIGE with its persuasive, adaptable, sociable 
and sustainable architecture may fit into a specific 
market of young learners where portable devices 
are common. To explore this data was acquired 
from paired interviews and observations in 
schools and households with a national, in-home, 
Computer Assisted Personal Interviewing (CAPI) 
face-to-face survey of 1,511 school attendees in 
the UK aged 9-19 years old, together with a self-
completion questionnaire to 906 parents of the 
9-17 years olds, between 2003 and 2005. Some 
of the most widely used methods for researching 
online includes interviewing and observations 
(C. Mann & Stewart, 2000). Interviewing, it is 
argued, is the most widely applied technique for 
conducting systematic social inquiry in academic, 
clinical, business, political and media life and 
observational techniques are also widely used in 
conventional qualitative research, frequently used 
in conjunction with some form of interviewing 
(ibid.). Data was collected on young learner’s use 
of the Internet for social purposes (It1), including 
viewing friends’ profiles, and for educational 
purposes (It2), including homework, their use of 
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mobile Internet devices and the support they get 
from friends and family.

Results

Young learners were classified according to 
whether they used their Mobile for accessing the 
Internet, with 205 young learners using WAP and 
770 not using WAP. The participant’s level of 
interest (It) in WAP as a technology was calcu-
lated on a scale from 1 (low interest) to 10 (high 
interest) a scale that Argyle (1992) suggested 
could measure interest. Interest can be predictive 
of behaviour when combined with belief as those 
individuals that have a strong association between 
their interest and their beliefs are more likely to 
show consistent behaviour (Ratner & Fitzsimons, 
2002). The Dependency (Dy) of the young learn-
ers’ interests on each other were calculated using 
the following formula assuming the level at which 
the cognitions were joindered (j) was 1. In this 
context, joinder is a value between 0 and 1 that 
reflects a combination of factors including the 
relatedness and cohesion of two cognitions.

Dy=Mean(It1, It2)*j

To explain the meaning of Dy an example 
will be used from Pavlov (1927). In his classic 
experiment Pavlov demonstrates that a canine 
actor will learn to salivate at the sound of a met-
ronome in the same way it would at the sight of 
food. Before learning the canine actor’s interest 
in the metronome is likely to be between 1 and 
5 and its interest in the food between 5 and 10 
and the level at which the cognitions were join-
dered between 0 and 0.5, making Dy between 0 
and 3.75. Once the canine actor had learned to 
associate the metronome with food it’s interest 
in the metronome would likely be similar to the 
food at between 5 and 10 and the level at which 
the cognitions were joindered between 0.5 and 1, 
making Dy between 2.5 and 10.

A summary of the results is presented in Table 

2. The data was analysed using an independent 
samples t-test, showing that there was a signifi-
cant difference between Dependency scores of 
the WAP and no WAP groups towards using the 
Internet for social purposes (t=-40.21, p<0.001) 
and educational purposes (t=-82.01, p=<0.001). 
The data indicates that there is a much stronger 
Dependency on using the Internet for social and 
educational purposes among those using WAP 
than those not using WAP. This suggests that 
those young learners using their mobile phone for 
accessing the Internet are dedicated to using it for 
social and educational purpose and also suggests 
that there is a segment of young learners that 
would benefit from utilising e-learning solutions 
in their educational and activities.

Table 3 shows a difference between the young 
people who saw their peers as the best source of 
support for homework and those who thought 
media such as television and books were the 
best help (t=6.643, p<0.001). The data shows 
that those that thought their peers were the best 
form of support were less likely to spend more 
of their free time on homework. This may be be-
cause they get greater support from peers while 
in school, though also suggests there is a market 
for a ubiquitous e-learning system that makes 
better use of a learner’s peers in supporting them 
in their education.

CONCLUSION

Knowledge it could be argued is constructed from 
the information actors pick up from the environ-
ments they are in. Assessing this knowledge can 
be problematic in ubiquitous e-learning systems, 
but a method of supporting the critical marking 
of e-learning exercises is the Circle of Friends 
social networking technology. Understanding the 
networks of practice in which these e-learning 
systems are part of requires a deeper understand-
ing of information science frameworks. The 
Ecological Cognition Framework (ECF) provides 
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a thorough understanding of how actors respond 
to and influence their environment. Forerunners 
to ecological cognition, such as activity theory 
have suggested that the computer is just a tool 
that mediates between the actor and the physical 
environment. While activity theory has its theoreti-
cal limitations, which are addressed by ecologi-
cal cognition, some of the conclusions drawn by 
Vygotsky (1930) can be explained by ecological 
cognition and are useful in developing e-learning 
systems. Utilising the ECF it can be seen that for 
an e-learning system to be an effective teacher it 
needs to be able to create the five effects in the 
actors that use it, with those being the belonging 
effect, the demonstration effect, the inspiration 
effect, the mobilisation effect, and the confirma-
tion effect. In designing the system a developer 
would have to consider who the system is going to 
teach, what it is going to teach, why it is teaching, 
which techniques it is going to use to teach and 
finally whether it has been successful.

This chapter has proposed a multi-agent e-
learning system called the Portable Assistant for 
Intelligently Guided Education (PAIGE), which 
is based around a 3D anthropomorphic avatar for 
educating actors ubiquitously. Whilst the avatar in 
PAIGE would be used for demonstrations, it would 
not represent the learner, but interact with them. 

An investigation into the market for PAIGE was 
carried out. Data was gathered in paired interviews 
and observations in schools and households with 
a national, in-home, Computer Assisted Personal 
Interviewing (CAPI) face-to-face survey of 1,511 
school attendees aged 9-19 years old, together with 
a self-completion questionnaire to 906 parents of 
the 9-17 years olds. The data showed that those 
that thought their peers were the best form of sup-
port were less likely to spend more of their free 
time on homework. This may be because they get 
greater support from peers while in school, though 
also suggests there is a market for a ubiquitous e-
learning system that makes better use of a learner’s 
peers in supporting them in their education.

Limitations and Directions 
for Future Research

This study has looked at the educational theories 
and technologies that could respectively support 
and transform the learning process. The educa-
tional theory in question, Ecological Cognition 
Learning Theory was developed utilising a qualita-
tive research method, and may need to be investi-
gated through an empirical quantitative method to 
allow it to be verified. The study has shown that 
multi-agent social networking systems can be ap-
propriate for ubiquitous education within networks 
of practice. Future research could investigate the 
usage of such systems in an educational setting 
and the effect it has on learning outcomes.

Table 2. Mean (M) Dependencies (Dy) of young learners using WAP and those not doing so 

Purpose WAP  Mean Dy No WAP Mean Dy

Using the Internet for Social Purposes (It1) 6.51 1.55

Using the Internet for Educational Purposes (It2) 5.61 1.11

Table 3. Mean (M) hours spent on homework by 
the two groups 

N
M 

Hours SD

Friends not best source of 
help 299 1.3961 1.12663

Friends best source of help 152 0.7168 .79119
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KEy TERMS AND DEFINITIONS 

Actor: An individual or entity that develops 
goals, plans, values, beliefs and interests and who 
engages with other actors in networks of practice 
in order to confirm or fulfil these.

Collaborative Learning: Learning that oc-
curs within information systems that form part 
of networks of practice, where the participants 
have mutual goals.

Ecological Cognition: An evolving post-cog-
nitivist paradigm for human-computer interaction 
within information science.

Ecological Cognition Framework: The 
founding model of the paradigm developed from 
a grounded theory literature review that can facili-
tate the explanation of phenomenon in networks 
of practice.

Ecological Cognitive Learning Theory: An 
understanding of learning derived from analysis 
and application of the Ecological Cognition 
Framework to learning problems.

E-Learning System: An electronic system 
such as a piece of software or other sequence 
of data that provides information to an actor or 
group of actors with the expectation that this will 
transfer knowledge from its originator.

Experiential Learning: Learning that occurs 
through an actor’s participation in an event within 
a functional system where the outcome is uncertain 
and where the participant’s goals, plans, values, 
beliefs and interests do not become clear to them 
until after the event has completed.

Information System: A unit that functions to 
fulfil the goals of the actors within in and through 
which information is shared and stored. It can 
contain e-learning and other systems to facilitate 
its purpose.

Network of Practice: A distributed group of 
actors connected by a shared purpose with shared 
knowledge. These networks cut across various 
information systems and can take the form of 
virtual communities.

Virtual Community: A platform, usually 
electronic, where the participants collaborate to 
achieve individual goals for a mutual purpose 
where they establish a presence through taking 
part in membership rituals.




