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Abstract 

With the advent of e-learning, educators and designers of learning resources 
should view technology as a tool and a medium, but not as the message. This pa
per poses the rhetorical question as to whether e-learning artefacts and variants 
are based on sound learning theory. It traces the evolution of e-learning and de
scribes characteristics that indicate underlying theoretical biases in traditional 
educational software, as well as in online courses and web-based instruction. The 
paper introduces a synthesis of contemporary learning theory, the Hexa-C Meta
model (De Villiers, 2002, 2003), whose six elements can playa role in the design 
and development of e-learning environments and instructional systems, and 
which can also be used in evaluating educational applications from a learning 
theory perspective. 

Keywords 
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1 Introduction 
The role of technology in learning must be subservient to the en

visaged learning outcomes. With the advent of e-leaming, educators 
and designers of learning resources should view technology as a tool 
and a medium, but not as the message. This paper questions whether e
learning artefacts and environments are based on recognized learning 
theory. It describes various perspectives on e-leaming and characteris-
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M R de Pilliers 

tics that indicate an underlying theoretical bias, though artefacts may 
also be hybrids. with foundations emanating from various perspectives. 
Web-based instruction. in particular. can be characterized by its posi
tion in respect of various 'pedagogical dimensions' (Reeves and 
Reeves. 1997). The paper introduces a synthesis of contemporary 
learning theory. the Hexa-C Metamodel (De Villiers. 2002. 2003). 
whose six elements: cognitive learning. constructivism. components. 
creativity. customization. and collaborative learning. can playa role in 
the design and development of e-Iearning environments and instruc
tional systems. and which can also be used in evaluating educational 
applications from a learning theory perspective. 

Section 2 defines e-Iearning, while Section 3 reviews its develop
ment from the computer-aided instruction (CAl) systems of the 1960s 
to the present. dominated by the pervasive WWW and Internet. Roles 
and fonns of e-Iearning in different domains are then overviewed and 
some underlying learning theories described in Section 4. In Section S 
the Hexa-C Metamodel is introduced and its relevance explained. 

2 Definition of e-Learning 
Some narrow definitions equate e-learning exclusively with the 

use of the Internet in instruction and learning. However. other defmi
tions are broader. Clark and Mayer (2003:13) define e-Iearning as 'in
struction delivered on a computer by way of CD-ROM. Internet, or 
Intranet, which ... 

• Includes content relevant to the learning objective. 

• Uses instructional methods such as examples and practice to help 
learning. 

• Uses elements such as words and pictures to deliver content and 
methods. 

• Builds new knowledge and skills linked to individual learning 
goals or to improve organisational performance'. 
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e-Leaming Artefacts: Are They Based on Learning Theory? 

This view thus comprises both content (infonnation) and instruc
tional methods (techniques) to support the process of learning the con
tent, but via a restricted range of hardware and media. The defInition 
adopted by Cedefop (2002:5) is broader still, namely: 'learning that is 
supported by information and communication technologies (lCT). e
Learning is, therefore, not limited to ... the acquisition of IT compe
tence but may encompass multiple fonnats and hybrid methodologies, 
in particular, the use of software, Internet, CD-ROM, online learning 
or any other electronic or interactive media'. This defInition better 
suits the purposes of this paper, which takes an all-embracing ap
proach, incorporating a broad range· of educational technology and 
types of learning/instruction. 

3 Evolution of e-Learning 
In this section the advent and evolution of educational computing 

is overviewed as a background to Section 4, which surveys roles and 
forms of artefacts and their associated theoretical foundations. 

e-Learning artefacts come, and have come, in many variants 
(Alessi and Trollip, 2001; O'Shea and Self, 1983; Jonassen, 1988), 
ranging from computer-based tutorials and drill-and-practice software 
through sophisticated intelligent tutoring systems to state-of-the-art in
teractive learning environments and problem-solving courseware, 
where learners use software as tools and not as tutors. One of the fIrst 
platfonns for CAl was PLATO, a project commenced by the Univer
sity of Illinois in the 1960s and funded by the American National Sci
ence Foundation (NSF). PLATO ran on mainframe hardware and 
eventually enabled sophisticated multi-terminal interactive systems, 
which integrated text and graphics. It provided instructors with the 
fIrst programming environment in which they could develop instruc
tional courseware. CAl gravitated to minicomputers in the early 1970s 
with another NSF project, TICCIT (Time-shared, Interactive, Com
puter-Controlled Infonnation Television project). It was aimed to be 
high perfonnance and was based on factory-like production and pres-

347 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



M R de Vi/liers 

entation of course materials. TICCIT also offered the concept of 
learner-control. However. due to the high costs incurred and the ad
vent of microcomputers. such systems went into demise and the field 
of instructional computing suffered a setback, losing the benefits of 
networking (benefits that were only regained with the advent of the 
Internet). 

In the late 1960slearly 1970s the artificial intelligence (AI) com
munity came on the scene with intelligent tutoring systems (ITSs) or 
intelligent CAl (lCAI). Carbonell (1970) encapsulated these ap
proaches with the term 'AI in CAr as he described Scholar. a m~ed
initiative tutor. which interactively presented concepts of geography. 
permitting both user and computer to share control of the dIalogue and 
ask questions. Other ITSs had self-improvement facilities, whereby . 
the ITS itself would learn by experience. ICAI did not move into the 
territory of general education. but tended to remain in. academic re
search domains. largely because building intelligent software to simu
late human tutors takes man-years of expert programming. During the 
1980s and 1990s. conventional CAl in the form of tutorials and drill
and-practice software became popular. particularly in the USA and the 
UK. Such courseware was stand-alone. ruMing off diskettes on mi
cro- and desktop computers. Drill-and-practice software offers exer
cises in basic skills. The computer stores and randomly presents prac
tice items to support specific instructional objectives. It provides re
cord keeping and different levels of difficulty. often placing the learner 
on a level according to achievement in a pre-test. There may be an 
explicit 'game' ethos to extrinsically motivate performance. Tutorials 
are the classic instructional programs. using interactive dialogue to 
coach learners. Teaching segments are typically alternated with ques
tion segments. which respond with diagnostic feedback based on the 
learner's input. Unfortunately such systems have their origins in pro
grammed instruction and operant conditioning. based on Skinnerian 
behaviourism and epitomized by the stimulus-response-reinforcement 
paradigm. an approach in which learners are largely treated as passive 
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e-Learning Artefacts: Are They Based on Learning Theory? 

recipients of infonnation (Alessi and Trollip, 2001; O'Shea and Self, 
1983). 

In attempts to support more active learning, problem-solving soft
ware (Jonassen, 1988) originated, allowing leamers to take active roles 
with the computer not as tutor, but as tutee or a tool. Other develop
ments are open learning environments (Kok and Poorthuis, 1990), 
where students undertake limited exploration in defined task situations. 
The aim is to support them in independent acquisition of knowledge as 
they solve given problems. In another venture, physical classrooms 
are converted to collaborative electronic environments designed for ac
tive learning (Shneidennan et al., 1998). 

In this chronicle of e-learning, issues that have been noted - im
plicitly or explicitly - as sound features, include leamer-control, net
working, cost-effective production and dissemination, use of comput
ing systems as tools instead of tutors, and the independence offered by 
active exploration rather than passive transfer. Some of these features 
occurred in certain systems, only to be sidelined in the next generation. 
Yet all of them are now incorporated and globally available within cur
rent technology, which has been transfonned by the advent of the 
World Wide Web. The milieu of interactive educational computing has 
become an accessible resource at affordable prices in the fonn of por
tals, educational content websites, learning management systems, 
communication forums, etc. on the pervasive Internet. 

In line with democratic paradigm shifts, the role of the leamer is 
becoming more active, while the educator is viewed as less of an in
structor and more of a facilitator. 

4 e-Learning: Domains, Roles, and Underlying Learn
ing Theories 
This section outlines various perspectives on educational comput

ing, considering, flrst, the type of domain from which the learning con
tent is extracted and, second, the learning theories underlying e-
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M R de Villiers 

learning anefacts. Third, there is a categorization of the types of sys
tems and the roles that technology can assume in the learning process 
and finally, the relationship between an anefact and its software con
struction process is addressed. 

4.1 Type ofDomtlin 
In overviewing the underlying theoretical bias of e-Iearning arte

facts, this paper first considers the type of domain from which the con
tent to be taught or learned, originates. (Note the distinction between 
teaching, i.e. the role of the educator, and learning, i.e. the role of the 
student/pupil/learner.) There is a major difference between we/l
structured domains and ill-structured domains (De Villiers, 2003; 
Hannafin, Land and Oliver, 1999; Jonassen, 1999; Landa, 1998): 

• Well-structured or closed domains contain concepts termed tightly 
defined, procedural or algorithmic, for example, syntactic, mathe
matical, scientific and computational subject matter, where rules 
and procedures are prescribed and problems solved by objective 
principles. 

• III-structured or open domains contain problems with multiple solu
tions and alternative approaches, some aspects of which emerge 
only during the problem-solving process, for example, social sci
ences, management sciences, environmental disciplines and design 
disciplines. They require reflective practice (Sch6n, 1987) and 
heuristic, expert-type knowledge. 

4.2 Theories of Learning and Cognition as Foundations of e
Learning 
The functionality of e-Iearning applications is not conventional 

data processing as in commercial operations that process business 
transactions. Rather, e-Iearning entails supporting learners in the 
process of learning. It involves: 

• Information transfer rather than information translation, 
• Managing educational interaction, 
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e-Learning Artefacts: Are They Based on Learning Theory? 

• Supporting human cognition, 
• Implementing behavioural change, and 
• The leverage of technology as a medium and messenger, rather 

than as a message or showpiece in its ow.n right. 

In short, an instructional transaction entails the effective transfer 
or presentation of knowledge and skills, and unlike a business transac
tion, is not carried out by a professional doing his/her task in the work
place, but frequently by a novice, for whom the computer is a means of 
learning, not earning. It is therefore particularly important that the 
functionality of instructional systems is easy to learn and to use. Foun
dations for e-learning must be based on sound principles of learning 
theory and instructional design, in order to facilitate effective learning. 

e-Learning applications reflect diverse views on cognition and 
learning, which are portrayed in Figure 1. The didactic approach 
views learning primarily as the acquisition by learners of knowledge 
structures and skills. This approach may tend to fixed transfer of in
formation, and can be traced to the psychological school of behaviour
ism (Skinner, 1938). The associated instructional design models are 
somewhat rigid (Dick and Carey, 1996) and frequently program
controlled, although user-control and interactivity are on the increase. 
While behaviourism concentrates on shaping the learner's behaviour, 
the cognitive approach (elaborated in Section 5.1) emphasises the men
tal processes involved in learning. Greeno (1991) supports this classi
fication, consolidating the roles of computing in education into didac
tic and exploratory. In the didactic approach, computers present in
formation in a systematic individualized manner. The learning experi
ence should be 'efficient' in terms of minimum errors on the part of the 
learner. Cognition is viewed as a mental system of information struc
tures and procedures, and learning as the acquisition of these. The ex
ploratory view treats learning less systematically, as the computer sys
tem presents phenomena that learners can investigate through interac
tion, discovering the transformations and constraints, e.g. Logo (Pa-
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pert, 1988). This view fits a theory that considers cognition as situated 
in social and physical contexts. 

At the extreme end of the spectrum is the constructivist ethos (In
helder and Piaget, 1958; Bruner, 1994), which is elaborated in Section 
5.2. This involves an open-ended, flexible, exploratory view, which 
situates learning contextually, encouraging learner-centricity and ac
tive learner-generation of products. Learning is scaffolded, rather 
than tutored. 

BehIMot.rIsm 
( 

, , , , , , , , 
~sm , 

Figure 1: Spectrum of leaning theories 

ExpIorartory 

A further set of artefacts and weblications have no explicit theo
retical foundation and are pragmatically constructed. This can occur, 
among others, in corporate vocational training, where designers may in 
fact, instinctively do 'the right thing', but may also produce systems 
with image appeal but superficial educational worth. 

Explicit pedagogy should be integrated into learning resources. 
This is particularly important in online instruction and web learning 
environments (Firdyiwek, 1999; Winn, 1999). which are frequently 
used in distance learning, where misconceptions are harder to rectify. 

Web-based instruction (WBI) and -learning (WBL) can be charac
terized by positions in respect of various 'pedagogical dimensions' 
(Reeves and Reeves, 1997). Based on research and theory in instruc
tional technology, cognitive science and adult learning, Reeves and 
Reeves define ten dimensions of interactive learning that can be en-
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e-Learning Artefacts: Are They Based on Learning Theory? 

abled via the WWW, namely: (1) pedagogical philosophy, (2) learning 
theory, (3) goal orientation, (4) task orientation, (5) source of mot iva
tion, (6) role of the teacher, (7) metacognitive support, (8) collabora
tive learning, (9) cultural sensitivity, and (10) structural flexibility. 
Each of these can be represented in a simplified manner by considering 
it as a continuum between two extremes. Eight of the Reeves dimen
sions are particularly relevant to this paper: Pedagogical philosophy 
varies from strict instructivism to radical constructivism, where in
structivism is based on the teaching of rigid structured objectives, 
viewing learners as passive recipients. Learning theory (as already 
stated) spans two dominant approaches in instructional design - the 
behavioural (based on the shaping of observable behaviours) and the 
cognitive (emphasizing internal mental states). Task orientation re
lates to the context of learning, whether it is abstract, such as a typical 
academic exercise, or authentic, e.g. training in a real-world activity. 
Motivation varies from extrinsic - the gold star, bells-and-whistles 
syndrome, to intrinsic motivation, where the learner's locus of control 
is integral to the learning. Educators' roles range between a didactic 
'sage on the stage' and the facilitative, 'guide on the side'. Metacogni
tive support refers to the learner's own awareness of objectives, ability 
to plan and monitor one's own progress, access to resources or infor
mation, and the ability to adjust actions and reactions to accommodate 
requirements. The level of support can vary between unsupported and 
integrated. Cultural sensitivity is of paramount importance. Although 
it is unlikely that WBI can be adaptive to every cultural nonn, websites 
should be respectful, avoiding insensitivity in terms of icons, symbols, 
graphics and terminology, so as to accommodate diverse ethnic and 
cultural backgrounds. Finally, there is structural flexibility with re
spect to the time and/or place of learning. This is related to the con
cept of the fixed instructional mode in a traditional academic setting as 
opposed to open education. One strength of WBI is its asynchronous 
nature, independent of place or time. 
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Learning artefacts and events can be measured on continuums, ac
cording to these dimensions, and may well occupy central positions 
that show them to be hybrids. 

4.3 Roles 0/ Technology in Learning 

Another perspective on technology in instruction and learning is 
based on the leamer-content relationship as defined in Winn's (1992) 
full and empty instructional technologies. A full technology contains 
infonnation to be transferred interactively to students, e.g. tutorials. 
An empty technology is a shell that supports exploration, communica
tion, and construction, e.g. searches and generation of products using 
the Internet, and use by learners of commercial software as tools for 
manipulation, documentation, and generation of deliverables. A list 
follows of e-Iearning applications and approaches. Although a rigid 
categorization is impossible, since use varies according to the context 
and the users, this arrangement tends to be from the full to the empty. 

• Direct instruction via online textbooks/workbooks; 

• Drill and practice; 

• CAl tutorials; 

• Interactive television; 

• Multi-media productions; 

• Electronic classroom lectures; 

• Simulations; 

• Educational games; 

• Interactive learning/practice environments; 

• CD ROMs, dynamic Web-based resources, online courses; 

• Open-ended learning environments and constructivist learning 
environments; 

• Immersive virtual reality technology; 
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e-Learning Artefacts: Are They Based on Learning Theory? 

• Forums for educator-leamer, leamer-learner, and leamer
external world communication: 

- Asynchronous examples: e-mail (which can be threaded), 
newsgroups, bulletin boards, listservs; 

- Synchronous examples: chat rooms, multi-user domains 
(MUDs), object-oriented MUDs (MOOs), video- or audio
conferencing; and 

• Electronic portfolios of leamers' work. 

4.4 Relationship between an e-Learning Product and Its Con
struction Process 
Another consideration relates not just to the product, but to its 

software development process. Trends in learning theory should be 
translated into reality in such a way that there is synergy between the 
underlying theoretical ethos, the development environment and the in
structional strategies. There is a close relationship between the devel
opment paradigm and the resultant product (Winn, 1999). 

For example, early procedural programming languages were proc
ess-oriented, describing steps with fixed algorithms. F or educational 
applications this naturally generated systems that led learners through 
predetermined instructional sequences and activities, the nature of 
which was completely prescribed, yet which was appropriate for the 
predominantly behaviourist pedagogical ethos of the time. 

Object-oriented programming and web-programming, on the other 
hand, require the developer to construct objects and operations that 
these objects should execute when specified events occur. Sequences 
are not prescribed and systems are open-ended. Such techniques radi
cally alter the ways in which users act within those environments. 
They lend themselves to flexible interaction in rich multimedia envi
ronments, in harmony with cognitive and constructivist learning theory 
approaches. They are leamer-centric in that students take the initia-
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tive and the environment responds, and are thus well suited to inquiry
based and problem-based learning. 

5 The Hexa-C Metamodel 
Various factors impact on determining suitable theoretical founda

tions for a learning resource or artefact. No single paradigm is appro
priate for all situations - domain, context and content all play roles. 
One particular approach may be relevant, or a hybrid approach. Tech
nology should be matched to the pedagogical philosophy, as teach
ing/learning patterns are identified (Shneiderman et al., 1998). The 
question arises as to whether some systems are based on theory at all. 
Are they are pragmatically constructed to suit the technology, ignoring 
theory or using an eclectic mix? Evaluation from the perspective of 
learning theory can be conducted in an attempt to answer this question 
for a particular application. 

A six-sided approach, the Hexa-C Metamodel (HCMm) (De 
Villiers, 1999; 2002; 2003) integrates concepts from contemporary 
learning theory into a framework which serves as a design aid and for 
evaluating existing resources from the perspective of learning theory. 
It is termed 'Hexa-C' because each of its six inter-related elements 
commences with the letter 'C', and 'Metamodel', because it is a syn
thesis of existing theories, models, and paradigm. The HCMm incor
porates several concepts addressed thus far in this paper and concisely 
suggests six elements to which the designer, educator or evaluator 
should pay cognizance, determining which are relevant to an intended 
or existing learning environment and, if relevant, to what extent and in 
what way the system should conform to those elements. Although the 
HCMm can be applied to any learning resource, the focus here is its 
relevance to e-Iearning and educational technology. 

Three of the Cs: constructivism, cognitive learning theory and 
components, are primarily theoretical, while the others: collaborative 
learning, creativity, and customization, are practical means used by 
educators to foster effective and affective learning. Figure 2 shows the 
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hex.agonal framework of the HCMm, representing its elements as 
merging segments around the hub of technology. This indicates tech
nology' s role as the mechanism that transfers the message, but not the 
message itself. The whole is embedded in contexl, emphasizing that 
the nature of each e-Ieaming artefact or environment should be deter
mined by its content and situation. 

The HCMm has been used in evaluations of diverse learning sys
tems, using triangulated data, both qualitative and quantitative (De 
Villiers, 2000; De Villiers and Cronje, 200 I; De Villiers and DersJey. 
2003). 

Context 

Figure 2: The frameWOfk of the Hexa-C Melamodel 

The six HCMm elements are now introduced. It is not the inten
tion that every resource or instructional system should confonn to 
them all. The framework can support designers and practitioners in a 
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multi-faceted approach to effective and affective learning, but means 
of implementation vary. Each application, with its target learners and 
stage of learning, has a unique focus and is characterized by its educa
tional content, problem-solving methods, and its physicaUvirtual situa
tion. For example: 

• Is the content domain well-structured or ill-structured? 

• Is the instruction formal or informal; full-time or part-time; 
primary, secondary or tertiary education; market-related or 
workplace training? 

• Is the context one of continuing education; distance-learning 
or contact-teaching; isolated or collaborative; based in a lab or 
at home? 

• Are there formally graded outcomes? 

• Does the application require a full or an empty technology? 

5.1 Cognitive Learning Theory 

Learning should support cognition, retention, and transfer. Cogni
tivism relates to the results of cognitive processes such as the forma
tion of mental models, human information processing, metacognition, 
and self-regulation. New knowledge should be integrated with prior 
learning, building new skills on previous knowledge. Cognitive proc
esses are seen as being as important as generating learning products. 
Cognitive learning aims to foster critical thinking skills by authentic 
problem solving or by explicit teaching of cognitive strategies along
side content knowledge (Anderson, 1983; Gagne and Merrill, 1990; 
Inhelder and Piaget, 1958; Minsky, 1975; Newell and Simon, 1972; 
Osman and Hannafin, 1992; Reigeluth, 1999; Reigeluth and Moore, 
1999; West, Farmer and Wolff, 1991; Winn, 1990). 

Even in closed domains, cognitive learning can be fostered. The 
traditional tutorial program can evolve beyond its behaviourist roots 
into a cognitive system. Although the tutorial process is systematically 
structured, with given information and predetermined relationships be-
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tween chunks of content, features such as high interactivity, animated 
process/object depiction and individualized diagnostic feedback, can 
support cognition. The relationship between theory and application 
may be addressed deductively - introducing concepts and rules before 
applying them, or inductively - moving from examples to underlying 
theory. Advanced 'challenge' activities should be provided for self
regulation and to stimulate higher-order thinking skills (HOTS). 

5.2 Constructivism 

Constructivism relates to personal knowledge construction and in
terpretation, active learning, anchored instruction, and mUltiple per
spectives on an issue. Constructivist mechanisms include prob
lem/project-based learning, open-ended learning environments, flexi
ble learning within ill-structured domains, and authentic tasks - with
out simplification of complexity. Constructivism is not direct instruc
tion; rather, it entails setting up learner-centric environments and ac
tivities, within which learners can explore and undertake discovery 
learning. Where possible, tasks should be authentic. The constructiv
ist approach may use multiple modes of presentation (audio, visual, 
textual, interactive, etc.). It aims to instil personal goals and active in
volvement within real-world situated learning, leading to application 
skills and transfer. It emphasizes collaborative activities and learner
research using a wide variety of resources (Bruner, 1967; 1994; Cun
ningham, 1992; Duffy and Jonassen, 1991; Hannafin, 1992; Hannafin 
et al., 1997; Jonassen 1994; 1999; Land and Greene, 2000; Lebow, 
1993; Perkins, 1991; Savery and Duffy, 1995; Willis, 2000; Winn, 
1992). 

For project- and problem-based learning, software tools can be 
used directly by learners to search out information and to manipulate 
and present it using, for example, the WWW as an information re
source, spreadsheets as cognitive tools to display fmdings and manipu
late mUltiple parameters, and databases for storage and inquiry. (In
formation from the WWW should, however, be subjected to quality 
tests, checking its accuracy, authority, currency, uniqueness, links, and 
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writing quality (Smith, 1997).) In the design disciplines, graphics 
packages and animation can be used to convey information. Learners 
can develop multi-media products and create web sites on which to post 
their work. Real-world activities enforce standards beyond the nonn 
for academic efforts, demanding superior efforts and can result in con
structivist frustration. In some cases, beyond academia, real-world 
projects become real-life products, usable in the workplace or the mar
ket. 

5.3 Components 

Components within learning and instruction (Reigeluth, 1999) re
late to the basic knowledge, skills and methods of a domain. One ap
proach is component display theory (COT) (Merrill, 1983), based on 
relationships between the kind of content taught (fact, concept, proce
dure, and principle) and the level of performance required (remember, 
use, or find). COT examines whether the instructional strategies used 
in a learning event achieve its instructional goals. Each learning ob
jective is related to the appropriate content and desired performance, re
sulting in an instructional component that is positioned in a perform
ance-content matrix. 

Componential instruction is more relevant in well-structured do
mains, where explicit teaching is needed of the basic knowledge and 
skills, often in decontextualized settings. Unitary components can be 
integrated to form composite components (De Villiers, 2002). Merrill 
(2001) emphasizes the role of instructional components as theoretical 
tools to facilitate the design of effective, efficient and appealing in
structional products, both in directive tutorials and in environments for 
experiential learning. In the latter, knowledge of the basics should be 
assumed, but linked access can be provided to subject matter re
sources. 

5.4 Creativity and Motivation 

Creativity supports the affective aspects of instruction, aiming for 
novelty within functionality in ways that motivate learners intrinsically 
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(Caropreso and Couch 1996; De Bono, 1970; Dick 1995; Jones, 1998; 
Malone, 1981). Creative instruction aims to incorporate affective as
pects within learning, seeking to apply innovative instructional strate
gies, to engage learners, and to strengthen the affective-cognitive bond 
(Price, 1998; Wager, 1998), whereby values and emotions influence 
learners' initial ability to acquire knowledge (external affective as
pects) and their ongoing attitude and perseverance (internal affective 
aspects). 

Creativity is closely connected to intrinsic motivation and en
gagement of learners. Application of the ARCS model (Keller and Su
zuki, 1988) suggests that instruction should: gain ~ttention, ensure 
relevance, instil ~onfidence, and lead to learner-§atisfaction. Creativ
ity is rewarded when learners experience 'flow' (Csikszentmihalyi, 
1990), forgetting time and tackling more than envisaged! 

Creativity can be in evidence, first, in the learning environment 
and second, in the activities or product development undertaken by 
learners. Novel, innovative environments and presentations help to 
engross learners, provided that such means or themes are inherently 
part of the learning experience and not creeping featurism (Nonnan, 
1998) or distractive 'bells-and-whistles'. Multimedia can support 
creativity, also serving as multi-gate reinforcement. Open learning 
systems, such as web-based 'virtual classrooms', have scope for in
fonnality and humour, particularly in leamer-learner contact on discus
sion forums. HCMm research has shown that creativity fosters creativ
ity, as novel instructional situations stimulate learners, in tum, to De 
Bono's (1970) lateral thinking. 

5.5 CustomiZlltion 
The movement towards customizing/individualizing learning 

(Alessi and Trollip, 2001; Bruner, 1967; Nonnan and Spohrer, 1996; 
Reigeluth, 1999) aims for learner-centric instruction that adapts to in
dividual profiles, supports personal processes and products, and allows 
learners to take initiative regarding (some of) the methods, time, place, 
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content, and sequence of learning. It supports learner-control, negoti
ated goals, and the ethos of matching learners' needs and interests. 

Classic CAl incorporated program-controlled 'branching', navigat
ing learners through material according to their performance. Leamer
controlled customization, by contrast, allows learners some say regard
ing time and place of learning, tasks, modes and media, levels of diffi
culty, and degree of help. 

True learner-centricity is enabled in unstructured domains where 
learners tackle open-ended projects. Auto-customization and customi
zation by content occur as learners: 

• Choose their own approach within set content, using tools and 
techniques in ways that are personally optimal; 

• Determine own content and direction within a broad domain, de
veloping own product; or 

• Customize learning by choosing between options when they do 
tasks/assignments and by taking specialized roles within teams. 

In problem-based contexts, learners should direct the learning, 
conduct independent research, collect, analyse and manipulate infor
mation, draw conclusions and present findings. 

5.6 Collaborative Learning 
Collaborative learning involves joint work, social negotiation, a 

team approach, accountability, and peer evaluation, i.e. sharing of re
sponsibility within a group. It optimizes on complementarity and in
stils collaborative skills in learners (Johnson and Johnson, 1991; Nel
son, 1999; Panitz, ] 996; Singhanayok and Hooper, 1998). Collabora
tion is closely associated with constructivism and open learning, and is 
applied in project-based and problem-based learning. 

Collaborative learning is not usually considered suitable for algo
rithmic tasks with tightly defined procedures, yet experience shows 
spontaneous joint use, two-at-a-computer, interacting with artefacts in
tended for individual use. Co-operative problem solving and peer-
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teaching can be effective means of learning and confidence building. 
In less structured tasks and projects, role allocation should capitalize 
on skills and strengths and support weaknesses, providing an efficient 
approach where complex knowledge and varied expertise are required. 
It is excellent preparation for the real world and the workplace. A fur
ther fonn of collaborative participation is electronic voting within a 
physical or virtual classroom. 

5.7 Application and Relevance of the C-Elements 

The HCMm and its constituent elements have been introduced. 
Can these elements be converted directly into principles that set out 
underlying theoretical foundations for the phenomenon of e-Iearning? 
No, not directly, but in adapted contextualized fonns, yes. For exam
ple, sets of evaluation criteria/questions have been compiled and ap
plied in specific survey evaluations and in heuristic evaluations (De 
Villiers, 2000; De Villiers and Cronje, 2001; De Villiers and Dersley, 
2003). However, no single set of design guidelines or evaluation crite
ria would be generally applicable since artefacts differ in terms of un
derlying domain, subject matter, situation of use, and the purpose - to 
teach, tutor, be a tutee or toolset, or to serve as an exploration envi
ronment. 

It is up to the educator or designer of e-Iearning to take the 
HCMm as a conceptual framework and translate its elements into prin
ciples, design guidelines, and evaluation criteria appropriate for the 
specific requirements. Evaluations may be conducted on existing ap
plications to determine whether they are grounded in learning theory. 
More important, for designers and would-be designers, there is the op
portunity to construct new systems and environment that are con
structed on a foundation of learning theory, either with a purist ethos or 
by combining various theoretical stances which are coherent and con
sistent with each other. 

At the risk of simplification, and while acknowledging exceptions, 
the matrix in Figure 3 lists fonns of e-Iearning against the C-elements, 
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marking with an x those appropriate for consideration in the design of 
a particular artefact or system. The large Xs indicate stronger rela
tionships. 

I § I I I J ::::II 

r 
I 
ca' I 

c8' 
Onlinebooks X x x 
Interactive television X X x 
Drill and DI'8Ctice X X 
Tutortals X X x X x 
Multimedia productions x x x x 
Electronic class lectures X x x 
Simulations x X X x 
Educatlonalgames 

x X X X 
Interactive and open learning environments X X X 

, CD ROMs x x x x x 
Online courses X x x X x 
OynamicWBI x X X x 
Virtual reality x x 
Asynchronous communication forums: email. news· 
groups. etc x x X X 
synchronous communication forums: chat rooms, etc x x x X 
Electronic portfolios X X 
Video I audio conferencing X X 

Figure 3 Relationship between HCMm elements and types of e-Ieamtng 

6 Conclusion 

x 
x 

X 
X 

x 
x 

x 

X 
x 
x 
X 
X 

X 

This paper overviews the concept and evolution of e-leaming and 
investigates the theoretical foundations of educational artefacts. The 
HCMm is presented as a conceptual framework which integrates tenets 
of contemporary learning theory. The design and implementation of a 
variety of e-Ieaming systems can be enhanced by considering these 
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elements and explicitly applying those appropriate to the domain. No 
single paradigm is appropriate for all situations, but its elements can be 
translated into principles, design guidelines, and evaluation criteria 
customized for specific domains, subject matter and contexts. The in
structional designer, e-learning practitioner or educational web devel
oper should ensure that technology serves as the hub which transfers 
the message and in no way detracts or distract from the message. Fi
nally, the question posed in the title of this article, namely whether e
Learning artefacts are based on learning theory, can be answered in the 
affirmative. 
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