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Abstract — As e-learning and technologies advanced signifi-

cantly, practitioners and academics must find new ways to 

make the most of this rapid development.  In the past, research 

development in this area was mainly focused solely on tech-

nological aspects and more recently, on e-learning and tech-

nologies for individualized learning.  Much work has been 

done in this area to enhance e-learning systems.  In this re-

search, we proposed that an ecological and holistic approach 

is required for an improved learning environment.   To do 

this, the concept of ecosystem will be explained, followed by a 

rationalization of this application to learning and e-learning.  

A definition to learning ecosystem (LES) is provided and this 

generalized definition is further applied to the e-learning 

ecosystem (ELES).  Hereafter an identification and examina-

tion of the e-learning ecosystem will be presented in detail.  

Finally, an application of the e-learning ecosystem in 

small-and-medium sized organisations (SMEs) will be dis-

cussed.  Prior to this, an overview on the usage of e-learning in 

SMEs will also be given.  We conclude by highlighting the 

need to emphasize on the ecological and holistic approach for 

the development of more effective learning environments. 

 
Index Terms—ecosystem, learning ecosystem, e-learning, 

e-learning ecosystem, SMEs, e-learning model 

I. INTRODUCTION 

Although e-learning systems and technologies have evolved 

considerably and matured somewhat since the inception, 

practitioners and academics must continue to be attentive in 

the way they apply technology and construct e-learning 

contents.  They must continuously consider new ideas, new 

learning strategies and capitalize on the modern technology in 

order to accommodate the preferred learning styles of the 

diverse student cohorts involved in e-learning.  Over the past 

few years, many have attempted to develop e-learning sys-

tems with the aim to make learning more effective, less ex-

pensive and adaptable to the needs of the individual learner 

[5].  There are also some apparent failures in the use of 

education technology where it was expected that technology 

would transform teaching and learning.  This systemic failure 

stems from the lack of understanding of the human learning 

process [23] and the lack of training in new technologies 

available to the main stakeholders responsible for e-learning 

[12].  We agree with [17] that inappropriate uses of tech-

nology can hinder learning.  Since the early days of tech-

nology-supported learning, unfortunately too much research 

and development was focused solely on technological as-

pects.  Based on the current e-learning research, it has be-

come clear that there is an increasing demand for e-learning 

systems and technologies to deliver individualized learning in 

accordance with pedagogic aspects. The Austrian research 

project AdeLE (Adaptive E-Learning with Eye-Tracking), 

where one of the authors is involved, tries to cover that de-

mand [4], [5], [14].  However, some further research ad-

dressing AdeLE’s application for learning in organizations 

has to be done. This motivates us to work on a completely 

different approach to gain insights for further improvements 

of the AdeLE learning platform.   

 

To address the on-going challenge of life-long learning and to 

ensure learners’ productivity, e-learning systems must be 

developed with flexibility and individualization in mind [23].  

For life-long learning to be effective, pervasive and accept-

able, it is imminent that an ecological and holistic approach 

for an improved e-learning environment is required.  Based 

on the motivation stated so far we intend to discuss the idea of 

an ‘e-learning ecosystem’, inspired by the increasingly 

amount of adoption of the ecosystem model in several ap-

plication domains.   

 

The remainder of this paper is organised firstly by explaining 

the concept of ecosystem and rationalizing its application to 

learning and e-learning ecosystems.   Three areas were iden-

tified in the learning ecosystem. Using the learning ecosystem 

(LES) components, more restrictive and specific components 

were examined in the e-learning ecosystem (ELES). This is 

followed by an overview of the use of e-learning in 

Small-and-Medium Sized Enterprises (SMEs). The holistic 

approach of ELES was then applied to e-learning in SMEs.  

II.  THE ECOSYSTEM  

According to the Encyclopedia Britannica an ecosystem is a 

“complex of living organisms, their physical environment, 

and all their interrelationships in a particular unit of space.” 

The non-living or abiotic constituents of the system are ad-

dressed by the physical environment of the system, its living 

or biotic constituents consist of all its living members [13].  

The term ecosystem was coined and a basic definition was 

given by the British ecologist A.G. Tansley in 1935, and the 

American Raymond L. Lindeman extended the definition by 

the aspect of energy flow [28].  However, the basic definition 

is described as “a biotic community or assemblage and its 

associated physical environment in a specific place.”  That 

early definition does not explicitly mentioned interaction and 

relations. However the term ‘system’, borrowed from the 
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physics domain by Tansley, implicitly highlights the interac-

tion between biotic and abiotic components.  Components 

themselves could also be of high complexity with internal 

interactions, and a nested hierarchical structure is also im-

plicitly expressed by Tansley’s definition.  Also, the eco-

system can be of any size as long as organism, physical en-

vironment and interaction exists.  Furthermore, the definition 

as such is free of narrow assumptions, such as equilibration, 

stability, persistence, assembly of components, and kinds of 

interaction [25]. 

 

The research reported in [25] on ecosystem as a multidi-

mensional concept gives valuable insights for our application 

in the learning domain and this concept is depicted in the 

following section. The power of the generic definition of 

ecosystem is its applicability to any system of biotic and 

abiotic components interacting in a particular spatial area, but 

that also means that it addresses countless instances. In order 

to be more concrete a model for a particular application 

domain is needed. Some of the features of a concrete model 

are defined by external aspects, and other features emerge 

from inside the system. Various types of models in the bio-

logical science have been developed, such as models focusing 

on energy and nutrient as well as biodiversity modeling. In 

order to describe a particular instance of a model, the fol-

lowing characteristics have to be specified: (1) the biotic and 

abiotic components as well as proper level of aggregation, (2) 

the temporal extent and the temporal and spatial scale, (3) the 

physical boundaries of the system, (4) the description of type 

and extent of relations and interaction between identified 

components, and (5) constraints on system behaviors [25]. 

 

Taken these insights so far, it is apparent that the model of the 

ecosystem strongly emphasizes a holistic approach whereby 

this notion of thinking highlights the significance of each 

component, their behavior, relationship and interactions, as 

well as the environmental borders in order to examine an 

existing system or form an effective and successful system. 

According to [25], ecosystems can also include humans and 

their artefacts. Thus, it can be applied to studies that expose 

humans and human-generated processes and structures. In the 

past the ecosystem has been adopted in various application 

domains, such as in Grid Computing [29], in knowledge 

management as ‘knowledge ecosystem’ [24], in economics as 

business ecosystem [26] and digital ecosystem [18]. 

 

It is this fundamental ecological concept covered by the 

ecosystem and its applicability to various application do-

mains as well as the exciting and interesting holistic approach 

that led us to transform the idea of the ecosystem in the 

learning domain.   

III. THE LEARNING ECOSYSTEM (LES)  

According to [11], the idea of a ‘learning ecosystem’ has been 

emerging over the past years.  However, our own research has 

shown that most of the literature purely mention the term with 

little or no definition or explanation, and merely link it to 

other concepts.  Some of the accessible papers addressed 

specific aspects, such as [21] focuses mainly on the envi-

ronmental aspect, [19] investigates informal learning eco-

systems that emerge around multiplayer online games, [25] 

mainly focusing on the actors, [31] concentrates on the 

learning process, [1] addresses an evolutionary learning 

community ecosystem and an evolutionary learning ecosys-

tem in the context of learning conversations and design 

conversations and  [9] focuses on the technology viewpoint 

and defines a fundamental architecture. According to [4] a 

learning ecosystem was formed by different communities 

interacting within and between individuals and groups, other 

key aspects (environment as well as tools and artefacts) are 

addressed implicitly. However, the lack of a general view to 

learning ecosystems in literature has led us to propose a more 

generic definition.  

 

Our generalized view in the learning domain was based on the 

abstract definition that an ecosystem is classified by biotic 

and abiotic components and all their interrelationships in 

specified physical boundaries. Transforming that to the 

learning domain, we proposed an abstract definition of 

learning ecosystem (LES) that consists of the stakeholders 

incorporating the whole chain of the learning process and the 

learning utilities, the learning environment, within specific 

boundaries, which we call learning environmental borders.  

 

Given the abstract definition stated above, a first generic 

model for learning situations is outlined as follows, see also 

Fig. 1. As the biotic units in the ecosystem the learning 

communities and other stakeholders such as teachers, tutors, 

content providers, instructional designers and pedagogical 

experts, form the living parts of the learning ecosystem.  The 

learning utilities comparable to the abiotic units (or the 

learning environment comparable to the physical environ-

ment) represent the non-living parts, which include the 

learning media (content and pedagogical aspects), technol-

ogy, and tools applied in traditional teaching methods.  The 

learning environmental boundaries, an analogy to the 

specified physical boundaries of the ecosystem defines the 

physical and logical borders of the learning system. That is 

one of the system’s characteristics, which are in common 

specified as the learning ecosystem conditions. These con-

ditions are determined by external and internal influences, 

such as evolution of knowledge, educational goals, learning 

tasks, cultural and sociological aspects, and expectations by 

  

    Fig.1  Simplified representation for the learning ecosystem (LES) 
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society, private industry and business organizations, the 

government, public service and not-for-profit organizations. 

Finally, in order to define a concrete model according to [25], 

the temporal extent and the temporal and spatial scale of the 

system has to be specified. 

 

The main interests in the learning domain are relationships 

and interactions related to the information flow as well as 

knowledge transfer and transformation.  In light of this, some 

conclusions are identified. Like a biological ecosystem, in a 

learning ecosystem, individuals can form groups spontane-

ously and can interact with each other or with learning utili-

ties at the individual or group level.  They also can perform, 

change or adapt specific behaviors in order to contribute to or 

perturb to the success of the learning ecosystem.  Changes in 

the learning ecosystem conditions influence the “behavior” of 

the system and its components.  To be successful and to be 

valuable for the system, each individual and group must adapt 

to the environmental conditions to find their niches.  In order 

to fit them all together, proper learning utilities must also be 

available.   

 

Taking this into consideration, we are claiming that the ge-

neric view of the learning ecosystem can be applied to any 

learning situation, such as traditional face-to-face teaching in 

classrooms or e-learning in business environments.  This is to 

assert that we need to consider in any learning situation biotic 

and abiotic components or cluster of components, their rela-

tionships and interactions together with the ecosystem’s 

conditions.  Furthermore, the biotic and abiotic components 

as well as the learning environmental borders and the other 

conditions of the learning ecosystem are in principle dy-

namic.  This generic view helps us to get a better picture 

about a specific learning situation, and allows us to achieve a 

more holistic approach for the development of more effective 

learning. 

IV. THE E-LEARNING ECOSYSTEM (ELES) 

By restricting the system’s conditions of our proposed 

learning ecosystem to the e-learning domain we are able to 

narrow down to an e-learning ecosystem (ELES).  This al-

lows us to identify and examine (A) the specifics of the 

learning communities and other stakeholders, (B) the more 

specific learning utilities, and (C) the more restricted learning 

ecosystem conditions.  The following sections will explain 

each of the three items listed above, followed by a discussion 

about the integrated view of them. 

A. Specifics of the Learning Communities and Other 

Stakeholders in E-Learning Ecosystem 

The learning communities can either be individual or groups 

of individuals who can interact and collaborate synchro-

nously and asynchronously with one another.  The individ-

ual’s learning attributes include the learning styles, learning 

strategies, learning preferences, learner’s pre-knowledge and 

competency level, and other learning characteristics spe-

cifically related to the individual.  Other stakeholders are 

those who play significant roles related to teaching and 

learning, specifically they are the teachers, tutors, knowledge 

experts, content providers and pedagogical experts who 

oversee the pedagogical aspects of learning and the instruc-

tional designers who handle the information and design of the 

content.  Associated with these stakeholders are the IT sup-

port group who provide the IT infrastructure and platform for 

the e-learning activities.  They also administer and manage 

the IT to support the teaching and learning group. 

B. Specifics of the Learning Utilities in E-Learning Eco-

system  

The learning utilities include the static and dynamic learning 

media that contain the content and pedagogical aspects. In 

addition, background knowledge in the form of external 

sources such as wikipedia, digital libraries, and others are 

also part of the learning utilities. The technology may include 

the infrastructure and learning platform for the management, 

delivery and tracking of e-learning in the form of learning 

content management system (LCMS), learning management 

system (LMS) and content delivery system (CDS).  Laptops, 

desktop computers, podcasting, PDA are also examples of 

some of the learning utilities. 

C. Restricted Learning Ecosystem Conditions of 

E-Learning Ecosystem 

The learning ecosystem conditions characterize important 

parts of an ecosystem learning system and they are affected 

by external and internal influences. In general these condi-

tions are dynamic and ever-changing, but potential impacts 

on the system depend on the lifecycle of the examined system. 

The conditions may be driven by the industry to employ 

workers with outstanding skills, influenced by domain 

knowledge and government policy such as changes to the 

educational learning strategy or changes in course curricu-

lum. Challenges that affect the core of the e-learning eco-

system must be addressed. There are also other factors such 

as cultural and sociological influences that must be consid-

ered. 

   

To clarify our picture, let us consider how to define a concrete 

model from the generic e-learning ecosystem, and based on 

that some concluding remarks are given. Applying ELES to 

the generic view of LES as shown in Figure 1 we need to 

ascertain ELES’ biotic and abiotic components or cluster of 

components, their relationships and interactions as well as the 

ecosystem’s internal and external environmental influences. 

As an example, we are interested in examining effective 

knowledge acquisition. In that context relationships and in-

teractions are of interest, which are exposing collaboration, 

the information flow as well as knowledge transfer and 

transformation. Based on that, we can concentrate on the 

biotic components, which are formed by the learning stake-

holders. For learning to be successful and effective, the 

learning community may work as an individual or in groups.  

Likewise, in this biotic component, we can consider the 

learners’ learning strategies, styles, and preferences, their 

competency level plus many other attributes.  The teaching 

group may need to adapt and personalize their content to suit 

the need and ability of the learner community.  Coupled with 

these are the abiotic components.  These abiotic components 

are linked closely in a symbiotic relationship with the biotic 

component.  Linked with the learning community’s attributes 
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and the response from the teaching and learning group, the 

abiotic components include the use of dynamic learning 

utilities and media.  Specific LCMS, LMS, CDS, and other 

learning utilities may be used.  The interactions between the 

biotic and abiotic components are also controlled by internal 

and external environmental conditions. As learning patterns 

are controlled by the learners, they may contribute to the in-

ternal influences in the form of interaction and collaboration 

among learners.  External conditions such as the evolution 

and innovation of the application system and technology, plus 

other cultural and sociological aspects may cause a change in 

the use of the application and technology; and in effect the 

course content.  They may also be external e-learning eco-

systems that may interact and impact the internal system.  It 

must be realized that in any ecosystem like ELES, a discon-

nection to a component may be detrimental to the success of 

the e-learning ecosystem.  It is vital that all components of 

ELES must integrate and work harmoniously and there must 

be a balance in the utilization of each component. 

 

This concept of ELES and the extension to concrete ELES 

models can be applied to many different e-learning situations.  

In this study, a model for e-learning ecosystem in SMEs is 

constructed to support e-learning in SMEs.  Much has been 

reported in the literature [3, 15, 17] for the need of models 

and frameworks to support e-learning in SMEs.   

V. E-LEARNING IN SMALL-AND-MEDIUM SIZED 

ENTREPRISES (SMES)  

A recent study carried out by Cedefop ICT Research Network 

[8] reported that “e-learning, although a widely accepted 

training method, still faces resistance among SMEs due to a 

perceived lack of direction to those who use it and what it is 

used for.”   A number of definition existed in the literature in 

an attempt to increase the usage of e-learning in SMEs.  Becta 

Research Group [3] adopted Pollard and Hillage’s definition 

of e-learning in SMEs as “the delivery and administration of 

learning opportunities and support via computer, networked 

and web-based technology to help individual performance 

and development”, they have also narrowed down the defi-

nition of e-learning to work-based learning whereby 

“learning that is undertaken in or linked to the workplace” 

[10].  E-learning in SMEs is classified into formal training 

and vocational training [17].  Formal training is “a training 

that is organised and packaged to cover a given subject, with 

clearly defined topics, eventually leading to the delivery of a 

certification” whereas vocational training relates to “the 

training costs are supported by the company and the topics 

are related to the job of the individual”.  

 

As suggested by Hughes and Attwell, e-learning in the 

workplace cannot be excluded from SMEs [17].  E-learning is 

regarded as a training tool and a means to enhance continuous 

learning for SMEs’ employees.  To administer this, e-learning 

facilitation and infrastructure must be incorporated in the 

workplace.  Also, SMEs need to examine the knowledge and 

skills required for e-learning in the workplace and how to 

apply the skills gained from the e-learning activities.  Effec-

tive pedagogies with reliable materials and resources all play 

important parts in SMEs e-learning.  In addition, there is also 

a need to consider how the e-learning materials in SMEs 

adapt or fit with the learning needs.  

 

Nyhan et al, suggest that apart from the normal working 

environment, learning in a workplace also occurs in social 

events and in everyday activities [2]. This means that the 

work is also carried out in various social settings where 

employees collaborate and interact on specific subjects and in 

SMEs this plays a vital role in employee’s lives.  Therefore, 

according to Nyhan et al, SMEs have to integrate learning 

from the ‘economic, human and social” perspectives [2]. 

 

In order to promote staff development, employees may attend 

training courses, workshops, seminars, conferences and 

others. With the advancement in technology, organizations 

are engaging the use of e-learning and other learning media as 

tools to develop the employee’s skills and knowledge. In 

addition, increasingly learning on the job and situation-based 

learning (learning on demand) has to be considered in our fast 

changing knowledge society.   

 

Some of the challenges reported in literature [3, 15, 17] with 

respect to e-learning in SMEs lie in the ability to handle the 

number of “variables which potentially impact on the 

effectiveness of e-learning and deciding what constitutes 

dependent, independent and irrelevant variables in a given 

situation.”  This is where the application of ELES is helpful. 

VI. APPLYING E-LEARNING ECOSYSTEM (ELES) TO 

SMES’ E-LEARNING  

As described previously, ELES is divided into (A) the 

specifics of the learning communities and other stakeholders, 

(B) the more specific learning utilities, and (C) the more 

restricted learning ecosystem conditions.  The following 

sections explain how ELES is applied to e-Learning in SMEs. 

This means that a first approach towards a concrete model 

restricts the generic ELES typically by the characteristics 

given in SMEs learning situations.  Based on this, our 

research results and assumption are summarized in the 

remainder of this section. 

A. Specifics of the Learning Communities and Other 

Stakeholders in SMEs  

For the individual learner, learning styles, learning strategies, 

learning preferences, learner’s pre-knowledge and compe-

tency level, and other learning characteristics specifically 

related to the individual must be taken into account in the 

workplace.  Specifically, in ELES, this may include the 

learner’s gender, age, location, experiences with previous 

learning history, duration and attainment level of previous 

learning experience, learner’s motivation and familiarity with 

technology. The individual learner would also want to use 

e-learning in a way that would maximize to use of their time, 

effort, and resource.  The learner’s objectives of using the 

e-learning materials must also be clear.  In terms of the 

pedagogical aspects, the content experts and instructional 

designers must consider the level and aim of the e-learning 

material.  They must consider the appropriate methodology to 

use when developing the e-learning material.  The 

methodology used must be aligned with the learner’s 
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attributes and characteristics. They must also consider the 

support (for example, is this for formal or vocational training) 

that the learner is seeking. Other stakeholders such as the IT 

support group must exist to provide the IT infrastructure and 

platform for the e-learning activities. Especially in working 

environments also collaborative activities and acquisition of 

tacit knowledge, skills and best practices from experts are 

important.  

B.  Specifics of the Learning Utilities in E-Learning Eco-

system in SMEs 

The learning utilities according to ELES include static and 

dynamic learning media that contain the content and peda-

gogical aspects.   This includes any form of media that carries 

the relevant content to the learner.  The media may be in the 

form of webinar, podcasting of synchronous materials, digital 

libraries, in-house or vendor developed e-learning and many 

others.  In order for SMEs to maximize the use of e-learning, 

SMEs may need to establish collaborative e-learning support 

networks in and around the workplace region [32].  

E-learning collaboration with partnerships with other or-

ganizations and fostering strategic alliances can provide the 

advantages and economies of scale to SMEs [32].  Successful 

e-learning collaboration is a critical part of the organization 

culture.  Pedagogically this is regarded as work process 

knowledge where the networked collaboration integrates the 

acquisition of knowledge and the practice of skills with work 

processes [20].  The recent development and advancement of 

the digital networked economy has increased the level of 

accessibility to multimedia thus enhancing opportunities to 

leverage on this. 

C. Restricted Learning Ecosystem Conditions of 

E-Learning Ecosystem in SMEs 

The learning ecosystem conditions are affected by internal 

and external influences and challenges such as economic, 

political, technological, social and human knowledge and 

competence [2].  These challenges may be inspired by the 

individual desire to learn within the workplace and there may 

also exist learning opportunities on the accreditation and 

recognition of individual achievement [3, 15, 17].  

Employees may also want to be recognized for their learning 

and training for their career progression.  Funding may 

become available to the organization to pursue e-learning.  As 

employees and organizations are driven by uncertain 

conditions, the holistic view of ELES provides an avenue for 

SMEs to consider all of these influences and challenges. 

 

Applying the holistic view of ELES to SMEs, an assessment 

of the learning community must be carried out to assess the 

learner’s personalization or adaptive learning approaches, 

which in turn integrate organizational and personal devel-

opment.  At the end of this assessment, the learner is able to 

select the e-learning materials that are most suitable for 

him/her.  For example, the learner may require information 

and knowledge about a certain product and the ‘just-in-time’ 

timing of the e-learning usage may coincide with this.  

Learners may also consider using the e-learning material for 

accreditation and the material is seen as training e-resources 

and this may be significant in the employee’s career ad-

vancement. 

 

Where e-learning is practised in SMEs, the learners must be 

able to access the materials and technologies in which the 

e-learning takes place.  After spending time to learn the 

e-learning materials, the learners must be given the 

opportunity to apply the recently acquired knowledge and 

skills within the workplace.  This is aligned with Nyhan, et al 

assertion that it is important that “work roles, work processes 

and work environments” are integrated rather than be seen as 

separate entity. In the ELES model, and as applied to in 

Figure 1, SMEs are attentive to the external conditions, 

concurrently concentrating with its own learning system, and 

at the same time trying to capture and understand the 

interactions between the external and internal influences. As 

stated previously, by [2] learning in SMEs is also “dependent 

on social relations between employees within the SME” and 

“between networks and social relations with other SMEs” [2].  

E-learning collaboration with partnerships and strategic al-

liances can provide an added advantage to SMEs.  Partner-

ships and alliances are reliant on the interaction between the 

learning communities. Whilst this networking is based on the 

associations and relationships between the learning 

communities they are also dependent on the internal and 

external influences. 

VII. THE EXPERIENCE WITH ECOSYSTEM-BASED 

DEVELOPMENT 

As reflected in the definition of ecosystem, learning ecosys-

tem and e-learning ecosystem, it can be summed up that the 

idea of ecosystem can be applied to any learning and 

e-learning ecosystems; and as presented here the e-learning 

ecosystem in SMEs.  We have learned that the components 

surrounding an ecosystem, such as learning or e-learning, are 

dynamic and mutually exclusive.  With this realization this 

paper attempts to highlight an e-learning ecosystem with a 

strong emphasis on a holistic approach for the development 

of more effective learning environments.  To achieve this, the 

strategy to develop a more effective e-learning environment 

is to continually improve the ecosystem as a whole.  In prac-

tice, an e-learning ecosystem is realized by incorporating 

user-centric collaborative learning, pedagogical aspects, 

content and learning design, technological innovation and 

environmental considerations such as social and cultural 

factors that help learners respond to new and uncertain 

conditions. Through consideration of the human endeavours 

within the ecosystem based e-learning environment, we come 

closer to understand the ways in which e-learning system’s 

communication can enhance learning, knowledge enhance-

ment, social and cultural development.  

VIII. CONCLUSIONS AND FUTURE WORK 

This research is to continue and further effort to advance the 

development of theoretical framework to guide further prac-

tical e-learning ecosystem development will be made. The 

researchers anticipate that case studies will be conducted to 

apply ELES to SMEs. A deeper understanding of techno-

logical development and advancement for better learning 

444



 

 
 

management systems (LMS) and learning content manage-

ment system (LCMS) will also be pursued. Consequently, the 

results will also be considered in the enhancement of the 

AdeLE architecture and its components functionality. 

 

In a further research step, we also want to merge our proposed 

e-learning ecosystem with digital business ecosystems. As a 

result, this might help to understand and put forward devel-

opment endeavours of self-organizing learning systems. In 

addition this also might inspire research to integrate tech-

nology based learning in conventional digital business eco-

system.    

IX. ACKNOWLEDGEMENT 

The AdeLE project is partially funded by the Austrian min-

istries BMVIT and BMBWK, through the FHplus impulse 

programme. The support of the Department of Information 

Design, Graz University of Applied Sciences (FH 

JOANNEUM) and Institute for Information Systems and 

Computer Media (IICM), Faculty of Computer Science at 

Graz University of Technology, Graz, Austria as well as in-

dividuals involved in the AdeLE project are gratefully ac-

knowledged. 

 

Author
1
 was a visiting researcher at the Institute for Infor-

mation Systems and Computer Media (IICM) at Graz Uni-

versity of Technology, Graz, Austria.  The visit was sup-

ported and sponsored by School of Information Systems and 

Curtin Business School, Curtin University of Technology, 

Perth, Western Australia. 

X. REFERENCES 

[1] A.Laszlo and  K.C. Laszlo, “The Making of a New Culture: Learning 

and Design Conversations” In Social Evolution Searching Together, P. 

Jenlink and B. H. Banathy (eds.). Kluwer Publishing, 2006 

[2] B.Nyhan, P.Cressey, M.Tomassini, M.Kelleher and R.Poell, “Facing 

up to the Learning Organisation Challenge Volume I: Key Issues from 

a European Perspective. Luxembourg: Office for Official Publications 

ofthe European Communities, 2003 

[3] Becta ICT Research, “Research into the Use of ICT and E-Learning for 

Work-Based Learning in the Skills Sector”, The Mackinnon Partner-

ship, Nov 2005. Retrieved from http://partners.becta.org.uk/page_ 

documents/research/wbl_literature_review.doc 

[4] C.K.Looi, “Enhancing Learning Ecology on the Internet”, Journal of 

Computer Assisted Learning, 17, 13-20, 2001 

[5] C.Gütl, M.Pivec, C.Trummer, V.M.García-Barrios, F. Mödritscher, J. 

Pripfl and M. Umgeher, “AdeLE (Adaptive e-Learning with Eye- 

Tracking): Theoretical Background, System Architecture and Appli-

cation Scenarios”  In European Journal of Open, Distance and 

E-Learning (EURODL), 2005 

[6] C.Gütl and V.M.García-Barrios, “Towards an Advanced Modeling 

System Applying a Service-Based Approach”, In P. Goodyear, D. 

Sampson, D. J. Yang, Kinshuk, T. Okamoto, R. Hartley and N. Chen 

(eds.), Proceedings of the IEEE International Conference on Advanced 

Learning Technologies (ICALT 2005), IEEE Computer Society Press 

pp. 860--862. 2005 

[7] C.McCullough, “Obstacles To Small Business Usage Of E-Learning 

in Europe” Retrieved from http://www.webpronews. com/ ebusi-

ness/smallbusiness/wpn-2-20050802ObstaclesToSmallBusinessUsag

eOfeLearningInEurope.html 

[8] Cedefop, European Centre for the Development of Vocational Train-

ing Retrieved from http://www.cedefop.europa.eu/ 

[9] D.L.Wilkinson, “The Intersection of Learning Architecture and In-

structional Design in e-Learning”, In J. R. Lohmann and M. L. Cor-

radini, (eds.). Engineering Conferences International Symposium  

Series, Davos, Switzerland, 2002 

[10] E.Pollard and J.Hillage, “Exploring e-Learning”, the Institute for 

Employment Studies (IES), Report 376, 2001 

[11] EDUCAUSE Learning Initiative, “New Learning Ecosystems”,  

Retrieved from http://www.educause.edu/content.asp?page_id= 

2608&bhcp=Page Last Updated: Friday, March 03, 2006 

[12] E.Lawrence, B.Garner and S.Newton, “A Global, Collaborative, 

E-Learning Ecosystem: An Academic/Industry Partnership in Action”, 

Proceedings Web-based Education, Puerto Vallarta, Mexico, 2006 

[13] Encyclopaedia Britannica, Retrieved from http://www.britannica. 

com/eb/article-9031944 & http://www.answers.com/topic/ ecosystem 

[14] F. Mödritscher, V. M. García-Barrios, C. Gütl and D. Helic , “The first 

AdeLE Prototype at a Glance” In E. Pearson and P. Bohman (eds.), 

Proceedings of the World Conference on Educational Multimedia, 

Hypermedia and Telecommunications (ED-MEDIA 2006), Chesa-

peake, VA, USA, pp. 791-798, 2006 

[15] G.Attwell, “The Challenge of E-learning in Small Enterprises: Issues 

for Policy and Practice in Europe”, Luxembourg: Office for Official 

Publications of the European Communities, 2003 Retrieved from 

http://archived.theknownet.co.uk/sme-learning/vet_ict_papers/ictsme

s_report.html 

[16] J. Bransford, “The Learning Sciences, Education and Technology: 

Issues and Opportunities”, National Learning Infrastructure Initiative 

(NLII), The Enabling Role of Technology in Successful Learning 

Annual Meeting, 2005 

[17] J.Hughes and G.Attwell, “A Framework for the Evaluation of 

E-Learning”, Exploring models and partnerships for eLearning in 

SMEs, Belgium, Feb 2003 

[18] J.M.Smith and J.L.Cohon, “Managing the Digital Ecosystem”, Issues 

Online in Science and Technology, Fall 2005, Retrieved from 

http://www.issues.org/22.1/smith.html 

[19] L.Galarneau, “Spontaneous Communities of Learning: Learning 

Ecosystems in Massively Multiplayer Online Gaming Environments” 

[20] M.Fischer, “Challenges and open questions raised by the concept of 

the learning organisation”, In B.Nyhan, B.Nyhan, P.Cressey, 

M.Tomassini, M.Kelleher and R.Poell, “Facing up to the Learning 

Organisation Challenge Volume II: Selected European writings. 

Thessaloniki: CEDEFOP, 2003 

[21] M.Jain, “Constructing Open Learning Communities to Inspire a 

Changing World” Towards Open Learning Communities: One Vision 

Under Construction, CIES ’97 Education, Democracy and Develop-

ment at the Turn of the Century, March 18-23, 1997 

[22] O.Conlan, “The Multi-Model, Metadata Driven Approach to Person-

alised eLearning Service”, Dissertation, University of Dublin, Ireland  

[23] R. Straub, “Competing in a ‘Flat’ World -- Innovation and Openness 

for Lifelong Learning”, The European Academy of Business in Society 

- EFMD Forum Summer, 2006 

[24] S. R. Sedita, “Back To “Tribal Fires”? Explicit And Tacit Knowledge, 

Formal And Informal Learning, Towards A New Learning Ecosys-

tem”, Druid Summer Conference 2003, Copenhagen June 12-14, 2003 

[25] S.T.A.Pickett and M.L.Cadenasso, “The Ecosystem as a Multidi-

mensional Concept: Meaning, Model, and Metaphor Ecosystems”, 

Ecosystems Journal, Springer, New York, 5, 1–10, 2002 

[26] S.Farber, R.Costanza, D.L.Childers, J.Erickson, K.Gross, M.Grove, 

C.S.Hopkinson, J.Kahn, S.Pincetl, A.Troy, P.Warren, and M.Wilson, 

“Linking Ecology and Economics for Ecosystem Management”, 

BioScience, 56(2), Feb 2006 Retrieved from www.biosciencemag.org  

[27] SME Learning, “Researching Learning Technology for Small and 

Medium Enterprises”, Retrieved from http://archived.theknownet. 

co.uk/sme-learning/ 

[28] The Canadian Encyclopedia, Retrieved from  http://www.The 

canadianencyclopedia.com/index.cfm?PgNm=TCE&Params=A1SEC

819777 

[29] The Globus Alliance, “An Ecosystem of Grid Components” Retrieved 

from http://www.globus.org/grid_software/ecology.php 

[30] J. Short, “Just In Time and Just Enough: A New Approach to 

Training”, Enterprise Networks & Servers, 2005, Retrieved from 

http:// 

findarticles.com/p/articles/mi_qa4137/is_200506/ai_n14716829 

[31] V.Shute and B Towle, “Adaptive E-Learning”, Educational Psy-

chologist, vol. 38 (2), pp. 105-114, 2003 

[32] World Class Business: Growing Victoria’s eLearning Industry, 2004, 

Retrieved from www.mmv.vic.gov.au/elearning 

 

445


