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ABSTRACT Traditional approaches to the use of computers in education
have given insufficient attention to the impact of Information and Commu-
nications Technology (ICT) on the classroom. Any implementation of ICT
in schools requires a level of change in practice. This article examines
three such levels, namely where existing practice is made more efficient or
effective, where it is extended in some new way, and where it is trans-
formed. A model of pedagogy is outlined and the model is then used to
examine the three levels and their implications. The analysis suggests that
a more sophisticate d idea of change is needed if ICT is to have a
significant impact on classroom practices.

Introduction

The focus of the use of information and communications technology (ICT)
in schools has changed over the past decade, as more has become known
about what is required for successful implementation and in response to the
introduction of quite new technologies, such as Internet and computer
conferencing. These new technologies extend the range of possibilitie s in
exciting but often unpredictable ways. To cope with these developments in
technology and effectively implement curriculum change, more attention
must be given to the impact of ICT on the classroom. Traditional ap-
proaches to the use of computers in education have given insuf� cient
attention to this impact, partly because of the lack of a clear enough model
of pedagogy. We present a model that helps in the analysis of impact. Any
implementation of ICT in schools requires a level of change in practice. We
examine three such levels, namely, where existing practice is made more
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ef� cient or effective, where it is extended in some new way, and where it
is transformed. Each level has different implications for pedagogy and we
use our model to examine these. The understanding that this analysis
reveals will help those who are implementing change, for example, by
revealing possible con� icts between goals. A more sophisticated idea of
change, we argue, will be needed to ensure that ICT has a signi� cant
impact on the classroom, whatever the goals.

‘Traditional’ Approaches to ICT in the School

A variety of approaches have been used to analyse and support the
integration of new technologies in schools, but none of these pays
suf� ciently detailed attention to issues of pedagogy. We begin by examin-
ing a set of ‘traditional’ approaches, most of which focus on interactions at
and around a computer. The � rst set is adopted by those who think about
innovation models. Here the increasing take-up and enthusiasm for the use
of ICT, characterised in the stages ‘entry, adoption, and invention’ (Sand-
holtz et al., 1997) or ‘localised, co-ordinated, transformative, embedded,
and innovative’ (National Council for Educational Technology [NCET],
1996) is seen as central. A second focuses on the complexity of the
technologies themselves, moving from simple word processors to web
pages, with the implication that the impact on pedagogy is directly related
to the complexity of the technology. A third set of approaches focuses on
the computer interface and interaction with the learner. This set builds on
ideas about learning, focusing on the move from simple question and
response approaches (of drill and practice software) to complex tutorial
systems that try to model the learner’s understanding and the knowledge
area being taught.

The approaches that focus on the computer–learner interactions, which
represent the bulk of the research, do deal with teaching and learning
issues. They often assume, however, that the software and the interaction
with the learner are isolated from the surrounding pedagogy of the
classroom or school. Research has shown that, even with highly ‘self-con-
tained’ types of software such as Integrated Learning Systems, the success
of the use of ICT is dependent upon the way in which the other elements
of the classroom pedagogy relate to it (Wood, 1998). Such elements
include other supporting classroom work, classroom discussion and how, if
at all, students interact around the computer as they use the software
(Wegerif & Scrimshaw, 1997). Recent publications in the area of collabo-
rative learning involving computers have explored some of these issues
(e.g. Littleton & Light, 1999).

Traditional concerns of computer-aided learning become somewhat
out of date as ICT use in the classroom becomes integral to a range of
learning activities. The use of networks and communications software also
makes this ‘machine–learner(s)’ analysis inadequate. Similarly, the use of
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general-purpose software, such as word processors, points up the need to
consider a more complex analysis, because the learner and teacher have
more control over the learning, rather than that control resting with the
program itself. Scrimshaw (1997) has taken this analysis one stage further
by exploring a variety of software used in schools in terms of how
knowledge, the learner, the relationships with other learners, and the role
of the teacher is viewed. Whilst this work offers a more sophisticated
approach, in later sections of this article we will extend the analysis to
re� ect contemporary views of learning, knowledge and pedagogy (Edwards
& Mercer, 1987; Leach & Moon, 1999; McCormick & Paechter, 1999;
Murphy, 1999; McCormick & Murphy, 2000).

Such contemporary views, commonly referred to as social construc-
tivist and situated perspectives, emphasise the social aspects of learning,
through ideas such as participation in communities and the social construc-
tion of knowledge. Rather than simply acquiring concepts (the process of
‘internalisation ’ to cognitive constructivists) , from a situated perspective
learners are seen as creating identities by learning to participate in com-
munities. Knowledge, as seen from this perspective, is not constructed as
an object acquired by individual learners (in the way cognitive construc-
tivists would argue [Bredo, 1997]) but is a social process of knowledge
construction. Meaning is created through participating in social activity.
From this perspective, there is, therefore, not an individual notion of a
concept, but a distributed one. The learning process is viewed not as the
transmission of knowledge from the knowledgeable to the less knowledge-
able, but as engagement in culturally authentic activity, participation in a
community of practice. Such participation can be considered at different
levels, as we will show later. This perspective posits a close relationship
between particular views of learning, of knowledge and pedagogy. Just as
social constructivis t or situated perspectives have an interrelated set of
views of knowledge, learning and pedagogy, so cognitive constructivist s
have a different set of views on these matters that start from a view of
learning as the individua l acquisition of concepts. Although we are inclined
to the social constructivis t and situated perspectives, there remains much
debate about the relevant merits of the various theoretical stances. (See
Anderson et al., 2000, for some points of agreement in a 4-year debate.)

Not only do traditional approaches to ICT integration need to respond
to these increasingly sophisticated views of learning, but they also have to
respond to the way in which national curricula are being implemented. The
adoption of national curricula in many countries has led to a focus on
subjects, both as content and as ways of organising the curriculum.
Internationally , at elementary school level, there is an increasingly strong
concern about the key areas of literacy, mathematics and science. It is also
the case that contemporary views of learning and knowledge indicate the
importance of domains, whether these domains are subjects or areas of
human activity (Glaser, 1984, 1992). In the realm of teachers’ knowledge
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and professional development, it is evident (as we discuss later) that subject
identity and knowledge are central features (Banks et al., 1999). In addition
to a concern for general issues of learning, knowledge and pedagogy, we
must, therefore, also consider the way in which subjects affect pedagogy
and hence the use of ICT.

Recent initiatives in the use of ICT in schools exhibit a growing range
of ways in which curriculum developers approach the implementation of
ICT1. These go beyond the narrow focus on computer–student interaction.
Such approaches attempt to cope, in different ways, with some of the issues
noted earlier. They pay attention, although with different emphasis, to a
number of issues:

· how to provide school-level support;
· the role of district, regional or national bodies in coordinating develop-

ment;
· the integration of ICT with the wider classroom context;
· the importance of pedagogy.

However, in our view, these initiatives still do not provide a full enough
analysis of the nature of pedagogy. This is likely to limit their impact and
effectiveness. Attempts in the UK to relate pedagogy and the use of ICT
have gone some way towards illustrating such an analysis (e.g. Moseley et
al., 1999) but do not explore pedagogy in terms of contemporary views of
learning and knowledge. Nor have they related to teachers’ knowledge in
a way that re� ects more complex models. An exploration of teacher
knowledge is necessary in order to indicate the way in which teachers need
to change, which has implications for implementation strategies. In the two
sections that follow we therefore present our views of pedagogy and of
teachers’ knowledge.

The Dimensions of Pedagogy

To locate the place of ICT in teaching and learning, we need to see the use
of ICT as part of a teacher’s pedagogy. Further, a sophisticated understand-
ing of that pedagogy is required to ascertain the impact of ICT on practice.
In particular, pedagogy has to be seen in terms of several interrelated
dimensions:

· educational goals and purposes;
· a view of learning;
· a view of knowledge;
· the learning and assessment activities required;
· the roles and relationship among learners and between the teacher and

the learner;
· the classroom discourse.
(adapted from Leach & Moon, 1999, p. 268)
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Each of these dimensions is complex, and a full exploration is beyond the
scope of this article. Here we say a few words on the more obvious ones,
dealing with the more complex dimensions of learning and knowledge and
discourse in more detail later.

Goals and purposes state the intentions and rationale of the educational
encounter, both in general terms (e.g. for a subject) and for particular
activities. Curriculum designers, teachers and learners might all vary in
what they see as goals and interpret those speci� ed by the curriculum in
different ways. Learning and assessment activities de� ne and structure the
classroom activity (and that outside it). They will also be a manifestation
of the other dimensions, particularly the � rst three. For example, if
activities are ‘open’, learners may be encouraged to de� ne the goals of
learning or what is learned (which will also demonstrate a particular view
of knowledge and a particular relationship between the learner and
teacher). Roles of learners and teacher include such aspects as who
controls the learning and the extent of collaboration among learners. The
remaining three dimensions are particularly important and dif� cult to
characterise. We examine them in more detail below, before going on to
explore how the implementation of ICT may affect each of the six
dimensions.

Views of Learning

How teachers act in the classroom will depend upon how they think
learning takes place. If they take the view that learning is the individual
construction of knowledge (cognitive constructivism) , then their focus will
be on individua l learners. However, there is a range of views of learning
that is eligible for consideration. While notions of information processing
or constructivism are well known, the ICT community has not kept up to
date with those views that emphasise the social dimension of learning. For
example, Pachler (1999) considers behaviourism and cognitive construc-
tivism in some detail, but, more brie� y, what he calls ‘social interaction-
ism’, when referring to Vygotsky. Pachler acknowledges the sociocultural
aspects of learning, and the importance of peer and teacher–student
interaction, but fails to carry this forward to more contemporary ideas of
‘learning as participation’, as represented by those who take a situated view
of cognition (e.g. see Murphy, 1999).

At the peer or teacher–student level of interaction, the idea of joint
construction of knowledge is important, but this also needs to be con-
sidered at the community level (Rogoff, 1995). At this level, learning is
‘learning to participate in a community’, and this community may be
represented by a subject (e.g. a community of scientists) or an occupational
group (e.g. health visitors). From this perspective, learning to be part of a
community is not just the acquisition of concepts, but ways of behaving,
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values and hence identity. Schools, and classrooms within them, form
special types of communities and learning in them is, in part, learning to
be a student. Thus, classroom and school cultures are part of the ‘content’
of learning, in addition to the norms, values and practices of communities
represented by school subjects (which are not in themselves the same as the
subjects as represented in life outside school). Students have to learn about
carrying out a science experiment as scientists do, whilst also learning that
the way validity of outcomes is arrived at may not be the same as in
religious studies. They also have to learn that the science laboratory has
rules that are peculiar to schools, and that these may not be the same as
those operating, for example, in the English or mathematics class.

Knowledge

Complexities also arise in relation to the dimension of knowledge, not least
because views of knowledge are related to those of learning. For example,
those who take a ‘radical constructivist ’ view of learning (von Glasersfeld,
1995) see students as constructing an individual knowledge structure that
is tested (for its validity) against its viability in making sense of the
individual’s world. Such an approach sees the objectivity of knowledge as
an untenable concept (‘viability’ individually tested is their focus). Those
who take a mainstream cognitive constructivis t view, on the other hand, see
knowledge as in the head, and matching reality outside the head; i.e. there
is a form of objectivity . Those who emphasise the social dimension of
learning, and hence knowledge, focus on the shared creation of knowledge
(at the interpersonal or the community level) and consider subjective (or
intersubjective) views of knowledge. From a situated perspective, therefore,
objectivity of knowledge is rejected. (Sfard [1998] reviews how views of
learning that vary from individua l to participatory in their focus relate to
different views of knowledge.) At the very least, we need to consider issues
such as whether we take knowledge to be:

· objective;
· re� ecting reality;
· re� ected in a reality, that is, an individual’s reality or one which is

socially shared.

Different views of learning take different stances towards each of these
properties of knowledge (objectivity , match to reality, individual or social).
(Sfard [1998] notes that this is not always done consistently , for good
reason.)

Discourse

The dimension of discourse is also related to these views of learning and
knowledge, including a number of strands that we have already alluded to
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in the discussion on classroom and school cultures. Discourse is usually
seen in terms of the language of the classroom. However, we want to
extend the notion of discourse to include the way subjects and classrooms
are represented by both speech and action in the norms and behaviours of
particular classrooms. Cobb et al. (1997) represent a classroom as a
micro-culture that contains a variety of levels of norms. Some of these
norms derive from the school level and some from particular classrooms.
This dimension includes the way language is used, but also extends to the
way students are expected to behave and the ways in which they carry out
activities. We have already noted that different school subjects may exhibit
differences in the micro-culture of particular classrooms; the way students
act in the science laboratory is not the same as the English or mathematics
classroom, for example. Similarly, different subjects in the world outside
school may have different cultures in the way they deal with activity and
hence have different ways of working. Scientists have empirical method-
ologies, including tests of truth, as well as a code of ethics in the way they
work, for example. This may contrast with what engineers do; for example,
engineers may have to work within different legal and economic tests from
scientists. Such differences are re� ected (usually imperfectly) in the differ-
ences found in the practice of school subjects. In addition, different kinds
of schools and classrooms (e.g. elementary compared to a high school)
have their own varieties of discourse. For example, by the end of elemen-
tary school, students may have a degree of independence of movement
around the classroom, which disappears when they attend the � rst year of
middle or high school. Thus, we need to see discourse as a kind of
micro-culture shaped by such factors as the school, teacher and subject
(Cobb et al., 1997).

Teacher Knowledge and Pedagogy

When we consider different approaches to the use of ICT in the classroom,
we must therefore be able to see how, if at all, these affect each of the
interrelated dimensions of pedagogy. Teachers’ knowledge is, in part, made
up of these dimensions; Fig. 1 indicates a way of representing the different
facets of teacher knowledge. The model draws on Shulman (1986), who
was concerned to explain the transformation that teachers have to carry
out to render their subject knowledge into a form that can be learned
by students. The model in Fig. 1, a development of Banks et al.2, goes
beyond Shulman’s ideas, particularly in not seeing knowledge as objective
and in trying to take account of the situated nature of knowledge and
learning. This representation of teacher knowledge acknowledges teachers’
multiple identities as: subject expert (subject knowledge), subject
teacher (school knowledge), teacher (pedagogical knowledge) and individ-
ual (personal construct). The model also depicts pedagogy in the way we
outlined earlier, indicating that a teacher’s knowledge of pedagogy is made
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FIG. 1. A model of teacher knowledge (Banks et al., 1999).

up of a series of dimensions that govern their views, decisions and practice
in the classroom. The justi� cation and exploration of this model is beyond
the scope of this article, but it indicates the complexity of teacher
knowledge and these three aspects of subject, school and pedagogic
knowledge.

Such representation enables us to see what the implications are for a
teacher when ICT is introduced into schools. Teachers may have to change
their views of the subject, what they count as school knowledge, and how
they view (and implement) pedagogy. The element of personal identity in
the model is a critical aspect of how teachers react to change that has the
potential to be as threatening or as stimulating as that posed by ICT.

Three Levels of Change in Relation to the Use of ICT

Earlier, we indicated that traditional approaches to the use of ICT were
inadequate to deal with the complexities that the technologies bring, as well
as with the requirements of a sophisticated view of pedagogy. The use of
ICT may entail three levels of change to current practice, namely, to
improve ef� ciency of conventional teaching, to extend the reach of teach-
ing and learning, and to transform teachers’ and learners’ conceptions of
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FIG. 2. Trolley pulled by a
mass suspended over a
bench.

the subject itself3. In the following, we explore the implications of each of
these levels and analyse how teacher knowledge and pedagogy needs to
change.

Improving Ef� ciency with ICT

The � rst level aspires to provide a more effective means of doing what is
already being done. The assumption is that ICT replaces some conventional
resource, but that the other elements in the situation remain largely
unchanged . As one writer puts it:

When the children used databases and spreadsheets they didn’t just
draw graphs, they could go on to interpret them. And when they
worked together with a word processor, they started talking with zeal,
not the usual gossip, but about science. Children who were challenged
by doing things ‘the old way’ were able to move on. The tools that
started life as information processing tools became really special tools
to enhance our teaching. These were tools for the mind.

And for all the speed of computers, I doubt if anyone saved any time.
What was saved—by not having to draw tables, or colour-in graphs,
or ‘write it out neatly’ or take thermometer readings—was spent
straight away, examining the science that had started to open up.
(Frost 1998, p. 9)

Yet, even in what is primarily an ef� ciency-raising approach, there can be
unexpected effects. Consider for instance, the use of computer-based data
recording in science. A classic experiment to explore Newton’s laws of
motion involves measuring the acceleration of a trolley pulled along a table
by a mass suspended over the end of a bench (Fig. 2), in order to show that
the acceleration of a mass is proportional to the force acting on it.

The use of ICT allows the experiment to be carried out more
ef� ciently and accurately than previous methods, and produces a graph that
has points on a smooth curve (Fig. 3), indicating a non-linear relationship,
something apparently at odds with Newton’s law4. This outcome requires
explanations that are not usually dealt with in such a science lesson and
which may, in addition, be unfamiliar to teachers5. Thus, the teachers’
subject knowledge may be challenged by knowledge that is not part of the
school knowledge they normally deal with. Even if teachers are familiar
with the explanation, they may still have the pedagogic problem of trying
to explain it to students. A reassessment of the way the knowledge is
introduced (i.e. new pedagogic knowledge) is therefore required.

Extending the Reach of Teaching and Learning with ICT

The second level of change is to use ICT to provide a major extension to
what can be achieved, one that goes well beyond the ef� ciency level. In
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this case, the ICT extends the reach of the teacher, the learners or both.
The Internet provides one medium for doing this:

common classroom activities can be enhanced by access to the
internet. It could provide a global audience or test bed for work
normally carried out in the classroom or give up-to-date information
in an easily accessible form.

One example is a simple survey of television viewing habits. Perhaps
a class could keep a diary of their television viewing for a week.
Typical classroom activities based around this would include working
out averages, comparing boys’ habits with girls’ and drawing graphs
to illustrate the results. By contacting other schools around the
country, or even in different countries, other possibilitie s arise. For
example comparing the results of rural areas with urban or the results
from different countries. The ease of collecting and disseminating such
work on the internet allows the teacher to add this extra dimension
with little extra effort. (Cunningham et al., 1997, pp. 21–22)

This amounts to more than doing more effectively what was done before.
If, for instance, students are put in touch with a professional social scientist
by e-mail, to discuss their current work, this is not simply a more
motivating form of textbook work. Such an experience is likely to move
their understanding of what being a social scientist involves into a quite
different framework. Similarly, when students use computer conferencing
to compare life in their local community with the experiences of peers in
New Mexico, Tokyo or Finland, they are doing more than simply learning
more ef� ciently about a different society. In such cases, who counts as
teacher and learner is altered, as is the relationship between knowledge
creation and knowledge acquisition.

If, for example, an investigation based on a web site is carried out in
history, then we see an extension of the history that is offered to students,
who can go to sites that may be used by historians, or which are created
for historians. Such sites may not follow the careful structuring of knowl-
edge characteristic of school learning. For example, see the following
example of how a major (and very good) site on Anglo-Saxon history and
archaeology introduces materials on Sutton Hoo. (This is the richest
Anglo-Saxon burial site so far excavated in Britain, and is frequently
mentioned in English school history textbooks and resources covering the
period.)

Sutton Hoo is a multi-period site in Suffolk, near Woodbridge (TM
288487). The main periods represented are the neolithic–early Bronze
age (Beaker) and early Medieval (7th–8th centuries AD). The prehis-
toric site extends to fourteen hectare and is a settlement with round
houses, pits and � eld-boundaries , producing very large assemblages
of � int and pottery. The early medieval site is a barrow cemetery with

FIG. 3. A plot of acceleration
against mass obtained using
light gates.
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� at graves. The barrows are rich although often disturbed, one famous
� nd from 1939 being the undisturbed Sutton Hoo Ship burial. 14
barrows are visible, the more numerous other features being cut into
sand under turf. (Sutton Hoo Research Project, 2000)

These six introductory sentences to the site include several obviously
technical terms that many students would be unlikely to understand, and
several more (‘round houses’, ‘pits’, ‘barrow cemetery’, ‘� at graves’) that,
although couched in ordinary language, are likely to be misinterpreted or
downright baf� ing.

Students are likely to come across historical terms and interpretations
in material of this sort that they do not understand, and which a teacher
may have to explain. One possible response to this is for the teacher to
download selected web pages onto an intranet on a school network (or onto
a disk for use on stand-alone machines). This approach leaves the teacher
in exclusive control of the knowledge that students have access to.
Alternatively, the teacher may educate students to use the Internet for
themselves to research agreed questions. Through the use of the web sites
they locate, students will enter a world of history where there is contro-
versy, and perhaps a lack of certainty. This may be in contrast with the
world of history knowledge in that particular school. As students get older,
they will inevitably experience this controversy, but with web access they
may be exposed to it at any time. Indeed, they may even, in political and
socially controversial areas, have to distinguish bona � de sites from those
where opinion masquerades as evidence-based interpretation. Thus, issues
of teacher control and views on knowledge are challenged by the technol-
ogy, and teachers may have to decide how to deal with these from a
pedagogical perspective.

Transforming Conceptions of the Subject with ICT

Beyond the level of extending learning lies another possibility . Some
subjects (for instance, music, literacy, and art) are largely de� ned by the
media they use. Here new technologies may transform the nature of a
subject at the most fundamental level. As one author points out in relation
to literacy teaching:

Our current de� nitions of literacy are quite narrow: text read and text
written, with some critical awareness of others’ work, covers much of
it. Multimedia, however, offers us many corridors to support com-
munication, many corridors for success: music, speech, aural ambi-
ence, text, video, animation, graphics and symbols, a second language
or more, synchronous or asynchronous time and more. It allows us
this portfolio of communication possibilitie s individually , collabora-
tively, in private, in public, in the same place or in different locations.
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The problem this brings is of a need for a much broader de� nition of
literacy, clearly now encompassing oracy and graphicacy for exam-
ple.

…

The problem for our curriculum is to decide which subsets of these
multiple media we will encourage or how small a set we are prepared
to tolerate and at which ages. Again it is because the rapid advances
in technology have made so much possible that we are now faced with
the unenviable task of deciding what is essential. Different regions of
Europe place different values on the various components of multime-
dia (some stressing oracy far more than others for example). Rather
than striving for an increasingly elusive common agreement, perhaps
we should simply recognize that multimedia has guaranteed diversity
and concentrate instead on identifying subsets of media capability
which are demonstrably dysfunctional and need remedial intervention-
ist support. A text-based curriculum built around individual endeavour
would arguably produce dysfunctiona l learners in a technological
world, which is a highly controversial conclusion to emerge from the
promise of multimedia technology. (Heppell, 1998, pp. 8–9)

As part of our exploration of the introduction of technologies into art (as
an example of the above), it should be noted that ICT is sometimes used
to mimic an existing technique, as was the case initially with photography
in relation to painting. This is a kind of ef� ciency use, where consider-
ations such as the ease with which a work can be changed and stored may
or may not outweigh the costs of having to learn the new ICT techniques.
In some cases, the tools are not as � exible or as easy to control as the
original physical objects (e.g. a ‘mouse’ compared to a ‘pencil’ to sketch).
New tools have been introduced to allow this mimicry to work more
naturally (e.g. the use of electronic sketchpads with pens to enable freehand
sketching) . Thus, the technique base may be extended, although it may not
be obvious what the gains in ef� ciency or effectiveness are. However, the
electronic medium can also be seen as a new artistic medium (as video has
become in contemporary art), thus transforming the nature of art itself by
extending the range of media available to artists (Loveless, 1997). The
techniques of � ltering and image manipulation, for instance, may have no
parallel in conventiona l techniques. Further, when interactivity is built into
the medium (for example, a web site), then the ‘image’ has only an
electronic life. The � rst, almost prosaic, effect of this in a school situation
is to make assessment problematic. The student must submit an electronic
version. This is particularly dif� cult for public examinations where sheets
of paper and three-dimensional works are more commonly submitted to
examiners and moderators. (Parallel problems exist in subjects that include
graphic design, where a web site can be an example of such design.) Such
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examples are compounded by the fact that the work of other artists,
including famous painters, can be electronically manipulated, so in effect
a ‘dialogue’ is set up with that original artist. One art teacher we observed
saw this as an important artistic experience for her:

The course I attended focused on communication. I began to realise
that using ICT was not an ‘instead of’ way of working, but facilitated
approaches that I feel are good practice—connecting to artists, use of
sketch books, independent working and research. After I scanned in
my own images, I explored a variety of other artists’ images. It was
like poring over images in a book, only these images were on screen,
alongside my own, and it was at this moment that I began to feel
excited. I sensed that the technology was offering something new and
dynamic and, though my con� dence with that technology was still
virtually non-existent, I glimpsed a connection with images and ideas
that felt exhilarating . (Learning Schools Programme, 1999, Exemplar
A, Section 2)

The underlying issues for our general argument are that the knowledge that
is taken to be ‘art’ (e.g. techniques and effects) is changed in ways in which
teachers trained in conventiona l media may not have experienced. We have
encountered examples of teachers experiencing a signi� cant change in their
own artistic identity when they come to learn to work in these new media.
To see this process as merely learning to use a computer, as you would a
word processor, is to underrate the personal change that a teacher has to
undergo (the symbol system of the subject may be changing for the
teacher). Such a change may affect their personal identity (related to the
‘personal construct’ in Fig. 1). With such change, however, may come
experiences that � re teachers and which they also want their students to
experience. They may in the process have to reassess all that constitutes
their knowledge of school art, and some elements of pedagogy may also be
profoundly affected. For example, the discourse of an art studio may be
around the individual creating ideas and learning to use (or not depending
on the school of art) the techniques of the medium. The teacher will
explore these ideas through discussion, along with instruction in the use of
techniques. Teachers and students can look jointly at the object. When the
medium is an interactive electronic medium, not only are the techniques
different (those associated with using software), but in addition, the
experience of the product may be individual , particularly if the electronic
art object is complex. What, then, becomes of the role of the teacher in
supporting the development of critical and aesthetic awareness? Such a
situation is further complicated by the potential of web publishing , where
reactions to and use of the work can be carried beyond the con� nes of the
classroom and the teacher.
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The Levels Compared

How, then, do these levels of changes to practice in the use of ICT relate
systematically to the dimensions of pedagogy identi� ed at the outset? Table
I summarises the differences as we see them, although it inevitably
simpli� es the picture.

The transformative level illustrates the most signi� cant impact on
pedagogy, so it is worth exploring this column of Table I in a little more
detail. In the following, we highlight the pedagogy dimensions in italics to
indicate the effects on each dimension. Take again the example of the
creation of an electronic medium in art, parallel to a written artefact where
electronic ‘dialects’ may be created, as in the case of e-mail (Tweddle et
al., 1997). The transformation, which is what this new medium represents,
goes further when communication is involved. The Virtual Identities
project, for example, involves children being allocated an unknown remote
partner to work with electronically6. The � rst student creates an image that
is personal and sends it to a partner (one student scanned her hand and sent
the image). The second student must use 20% of the original image
received. This image can be combined with the second student’s chosen
image and manipulated by various electronic layering and � ltering effects.
Thus, not only is the medium changed, but also the creative process. In
school art this process is often seen as purely individual , but now it can be
collaborative, something which is happening increasingly in the world of
art outside school. Such collaborations might include students working with
professional artists.

The pedagogy involved in such a case will depend on how a teacher
currently views the dimensions of pedagogy. Established goals in art will
include such things as learners developing an aesthetic sense, learning to
express themselves and perhaps learning speci� c techniques. Using ICT,
students are able to create new artwork and publish it (e.g. on the web),
participating in the art world rather than replicating it in the classroom (this
makes it culturally authentic). This may constitute a new goal. Learning
activities will need to allow for participation and the assessment will need
to re� ect criteria of judgement and self-con� dence, as well as collaborative
skills (which may in turn be new goals for art education). The technical
skills involved will be different from those of traditional media and hence
the assessment system will need to change radically (e.g. the submission of
electronic assessment items, as noted earlier).

The degree and nature of transformation envisaged by teachers will
depend upon their views of learning and knowledge. If a teacher takes an
information processing or even a cognitive constructivis t view of learning,
then knowledge will be seen as objective, and matching reality, with little
by way of social construction being considered. Thus, the creation of art
knowledge may be rendered problematic. Those who share a social con-
structivist or situated perspective will recognise the social construction of
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TABLE I. How different levels of change in the practice of ICT affect dimensions of pedagogy

ICT as
Dimensions of ICT as ef� ciency ICT as extension transformativ e
pedagogy aid device device

Educational goals Stay the same, they Largely stay the These are
and purposes are just easier to same, although transformed; e.g.,

achieve. either information the creation of
skills or supporting knowledge
learner becomes a goal.
independence
become important.

A view of 1. Constructivist s 1. Constructivist s Those with
learning would see more would see more constructivis t

time for making time and and information
sense of data perspective s for processing views
etc. (making making sense would not see any
meaning). of data etc. change, but those

2. Those who take 2. Those who take who support a
an information an information participator y
processing view processing view approach (as in
see that see that situated cognition)
increased time increased time would see entering
on using ideas on using ideas into communities
will allow will allow of practice as
better learning. better learning. central.

3. Those who take 3. Those who take
a situated a situated
cognition view cognition view
may � nd the would see the
implied involvement of
instructional communities of
approach practice, with
inappropriate. focus on

participation,
as helpful.

A view of No new view of Extension to new Knowledge may
knowledge knowledge is areas may bring become contested ,

required for this. with it the need to and validation
be clear about who procedure s unclear;
gives validity to hence a need for
knowledge. learners to have

explicit criteria for
what counts as
valid knowledge, or
processes to arrive
at this knowledge.

The learning and Activities remain Additional New outcomes will
assessment largely the same, activities required require new
activities but may be for working with learning activities
required delivered using others at a distance. and assessment

electronic means. Issues of methods.
Dynamic collaborative Additional
assessment can be learning and group activities required
used (where the assessment may be for working with
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(Table 1 Continued)

ICT as
Dimensions of ICT as ef� ciency ICT as extension transformativ e
pedagogy aid device device

assessment important, as well others at a distance.
interacts with as new outcomes Issues of
student responses) . being involved. collaborativ e

learning and group
assessment will be
important; learners
may have to
develop self-
assessment
strategies and the
ability to cope with
non-teacher/
non-school
assessment.

The roles and Roles and Roles and Distinction
relationship relationships relationships between teacher
between learners remain largely changed by and learner may
and between the the same addition of new change, with
teacher and teachers and/or community of
the learner. learners elsewhere. learners and of

Teacher’s role practice being
as source of important. Teacher
knowledge may be replaced
displaced on occasions by
somewhat and outside sources
learner and agents.
independence
may be
important.

Discourse No change As the classroom The creation of a
may be extended , discourse may be
there may be part of the learning
different non- (e.g. for a
school discourses community of
involved. learners).

knowledge element, although the way they carry out the analysis will be
different. They will therefore welcome the transformation as a chance to
involve students in communities of practice outside the school environ-
ment. In contrast, teachers may � nd the transformation into new media
takes students away from an interest in artistic heritage and traditional
forms of art, which may be a goal for most teachers, irrespective of their
views of learning and knowledge.
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The effect of ICT on discourse may be complex and exhibit strong
subject differences. We have already noted that school subjects have
different sets of rules from those of the ‘parent’ subject, embedded, in
particular, in the assessment system. Science laboratories have a process of
testing knowledge through empirical investigation . In a school context,
such investigations are a ritual because the knowledge is already estab-
lished (i.e. shared by the science community). However, when students � nd
themselves trying to establish the truth of, say, the safety of nuclear waste
(i.e. what constitutes a safe dosage or exposure) through an Internet search,
then the right and wrong of scienti� c knowledge may be open to challenge.
Disputes or uncertainties become more important still, given the inter-
national nature of the Internet. Students may encounter and have to cope
with knowledge that is local in signi� cance or which is presented by a
variety of interest groups, for example, in religious education, web sites of
religious cults or splinter groups from a mainstream religion. Even in the
controlled discourse of school knowledge (where what is important, who
says it is right, and how it is represented is not normally problematic or
discussed) , there will be exposure to local discourses whose rules are
different from the classroom where students are physically located. Thus,
a web site where students can discuss environmental issues together may
raise one set of expectations for a child in England, who thinks such issues
are a subset of science. A quite different set of expectations may be raised
for a child in Scotland who is familiar with a school subject called
‘Environmental Studies’ (that includes science, history, geography and
other social studies). Discussion taking place on such a site will be carried
out by students who bring differing expectations of the discourse. This is
a relatively prosaic example; where there are deep-seated cultural and
religious differences, however, the discourse may be mutually unintelli-
gible.

At this transformative level, learners have a degree of independence,
and the teachers’ role will be to develop students’ judgements and their
ability to appraise critically what is of particular importance. Such an
approach does not remove the need for students to understand accepted
science concepts. For example, if students � nd a spoof web site, such as
the one for the substance dihydrogen oxide, http://www.dhmo.org
(5/10/00), they will need an understanding of chemical concepts to be able
to realise that a seemingly legitimate web site can be completely misinter-
preted. (This applies to ICT as both an extension and transformatory
device.) This particular spoof web site presents the ‘dangers’ of the
substance dihydrogen oxide (which is actually water), implying that it is
a hazardous chemical. The dangers are obvious enough (� ooding), but
when presented as a ‘chemical’, the discourse becomes different.

This example illustrates just how complex the impact on pedagogy can
be in relation to the use of ICT. The different levels of changes in practice
in using ICT affect each dimension of pedagogy in different ways, but, in
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addition, the interactions among the dimensions are also related in complex
ways to these different levels. Thus, a teacher’s view of learning (e.g. as
information processing) might not accommodate the participatory ap-
proaches engendered by ICT as a transformative device. A teacher must
decide how to accommodate these approaches and for what reasons. One
response might be to reject such a use of ICT; another might be to include
participation, but to focus on individual acquisition (e.g. through the
assessment system). More radically, a teacher might re-examine their view
of learning to recognise that participation might require students to discuss
and examine their own understanding (a cognitive constructivis t rather than
an information processing view of learning). Addressing these problems
requires teachers to make pedagogic choices. Teachers need to be able to
justify their choices. For example, a teacher may decide to control the use
of a web site that takes students into a controversia l subject area, either by
downloading only certain aspects of it onto a school intranet or by limiting
student access to web sites. There are controversies surrounding these
issues within schools (e.g. that this does not prepare students for use of the
Internet outside school) and teachers legitimately differ in how they
respond to these issues.

Concluding Re� ections

The analysis we have presented has a number of implications for the
implementation of ICT in schools. First, those responsible for any initiative
must be clear about what they are trying to do with ICT and, crucially, why
they want to use it in any future approach to curriculum development. Our
analysis may help them. For example, in the UK, the approach adopted by
government agencies in implementing a national training initiative to
support the use of ICT in teaching reveals a strong preference for an
‘ef� ciency’ level of change. Yet, as we have seen, ICT will bring other
levels of change too, for which such training may not necessarily prepare
teachers. If governments want to implement ICT in particular ways, they
need to be clear about the implications and prepare teachers appropriately.
They will need to make these implications clear to teachers, as well as to
those supporting them in this implementation. Second, attention needs to be
given to the effects on pedagogy. For policy-makers, there will be issues
relating, for example, to home use of computers that may well be one
consequence of the extending and transforming levels of change. Teachers
and schools need to develop pedagogy in productive ways, and how this
will come about is one element of curriculum change. This leads to our
third implication, that it is necessary to see any such initiative as curricu-
lum change, a change that must engage with fundamental views of
learning, knowledge and pedagogy.

Changes in the use of ICT require engagement with teachers concern-
ing their views of knowledge (subject, school and pedagogic), as well as
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with teachers’ personal constructs. Views of change that imagine that all
that is necessary is to demonstrate that ICT is effective, and show teachers
how to use it (the rational-empirica l view of change) underestimate the
amount of change in understanding and beliefs that teachers may have to
undergo (requiring a normative-re-educative view of change). It follows
that there is a need for clearer thinking about the nature of change in
relation to the use of ICT (e.g. McCormick, 1992). One route to achieving
greater clarity might be to engage teachers in discussion focused on the
dimensions of pedagogy, thereby encouraging them to clarify their views
and to re-examine them in the light of the use of ICT (as did Moseley et
al., 1999).

There are more profound issues of change that underlie this approach,
namely, that teachers and those who support them must engage in issues of
teaching and learning at the very time when they are being disempowered
in their control over the curriculum. (This is a paradox examined by
McCormick & Murphy [2000], who argue that the time is indeed right for
an engagement in teaching and learning issues.) Sadly, we see few signs of
initial or in-service training of teachers, certainly in the UK, taking a
perspective that emphasises understanding teaching and learning. In our
view, this may mean that changes in pedagogy will neither be effective nor
in line with the goals of those who take initiatives that aim to bring about
a more pervasive use of ICT in the classroom.

NOTES

1. For example, the Technology in Learning and Teaching (TILT) programme in Australia
(http://www.tdc.nsw.edu.au/tilt/about/policy.htm, 5/10/00), the Co-nect network in the
USA (http://www.co-nect.org/, 5/10/00) and The Learning Schools Programme in the
UK (http://www.learningschools.net/, 5/10/00).

2. We would like to acknowledge the contributions of Jenny Leach and Bob Moon, who
developed this model.

3. We acknowledge the Learning Schools Programme team for the development of these
three levels, in particular Peter Twining This is one of several similar analyses that are
evolving (e.g. Streibel, 1993; Twining, 2000).

4. The traditional method, involving ticker tape, produces a scatter of points through which
students draw a straight line to follow Newton’s law.

5. These explanations relate to the changing mass of the system caused by adding mass
to accelerate the trolley.

6. http://www.digital collaborations.co.uk/thebridge/(5/10/00).

Correspondence : Robert McCormick, Learning Schools Programme, Open
University, 12 Cofferidge Close, Stony Stratford, Milton Keynes MK11
1BY, UK.
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