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Abstract

This paper explores the application of distributed cognition theory to educational contexts by examining a common
learning interaction, the ‘Copy and Paste’ function. After a discussion of distributed cognition and the role of mediating
artefacts in real world cognitions, the ‘Copy and Paste’ function is redesigned to embed an effective interaction strategy,
based on encoding strategies, into the interface. The current affordances of the ‘Copy and Paste’ interaction derived from
its business heritage (speed and accuracy of reproduction) are contrasted with those needed for a learning interaction (the
meaningful processing of content for understanding). An empirical study was conducted to test the efficacy of the rede-
signed function through an experimental treatment. The study examined the impact of an experimental treatment based
on changes to the ‘Copy and Paste’ function in terms of:

(a) changes to interaction strategies employed by learners;

(b) changes in learner familiarity with note taking and summarisation interaction strategies;

(c) changes to the features of the text produced by learners.

The experimental task consisted of participants completing three short written assessment tasks based on multiple text
resources using either: (i) Control treatment: standard notepad tools supplemented by a text-based resource outlining note-
taking and summarisation strategies; or (ii) Experimental treatment: the modified notepad. The results of the study showed
that participants in the experimental group spent significantly more time engaged in activities that indicated higher levels of
cognitive processing and produced notes that contained text features that also indicated significantly higher levels of cog-
nitive processing.
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1. Introduction

This study examines the effectiveness of the learner’s use of the ‘Copy and Paste’ function to interact with
content resources in a computer mediated learning environment. The purpose of the study was to demonstrate
that distributed cognition theory (Dillenbourg, 1996; Hollan, Hutchins, & Kirsch, 2000; Hutchins, 1995;
Karasavvidis, 2002; Nardi, 1996b; Pea, 1985, 1993; Perkins, 1993; Salomon, 1993) provides a significant
insight into how learners conduct activity in computer mediated learning environments and how they interact
with content using mediating artefacts (Hutchins, 1995; Pea, 1985, 1993; Perkins, 1993; Salomon, 1993; Vygot-
sky, 1980). Distributed cognition theory was used to justify the redesign a mediating artefact, the ‘Copy and
Paste’ function, while encoding strategies suggested by schema theory were embedded in the interface to form
an interaction strategy thereby addressing fundamental learning issues such as ‘depth of processing’ of con-
tent. The objective of the redesign of the ‘Copy and Paste’ function was to increase the learners’ depth of pro-
cessing of content and to embed interaction strategies that encouraged the encoding of content to long-term
memory through the development of robust and effective schemata (Lutz, 2000; Quillian, 1968; Rumelhart,
1980; Rumelhart & Norman, 1978; Sweller, 1999). A constructivist philosophy (Duffy & Cunningham,
1996; Jonassen, Mayes, & McAleese, 1993) of learning was the basis of the instructional strategy adopted
in the study in that it is recognised that in order for learners to ‘construct’ knowledge they must be actively
engaged in ‘processing content for understanding’. This approach has lead to the design of computer mediated
learning environments that encourage the learner to engage in purposeful activity in products like Exploring

the Nardoo (1996). This package, for example was designed as a virtual water catchment area in order to allow
learners to explore issues of water management, water quality and environmental preservation via a number of
embedded investigations. It is a resource rich constructivist learning environment that relates to a complex and
‘ill-defined’ content domain (Jonassen et al., 1993; Jonassen, 1997). This contrasts strongly with early methods
of employing computers in education in which they were used simply as convenient vehicles to transmit con-
tent. It is envisaged that the redesigned ‘Copy and Paste’ function would be applicable to computer mediated
constructivist learning environments such as Exploring the Nardoo.

Traditionally the emphasis of formal instruction has often been on the internalisation of representations of
the external environment by minds working in isolation from others, and often in isolation from real-world
contexts (Lave & Wenger, 1991). In contrast to this approach distributed cognition as applied to educational
contexts, focuses on the ways in which learners appear to think in conjunction with mediating artefacts that
pervade human environments (Perkins, 1993). In this view the internal cognitive resources of learners are
shaped by the configuration of the environment at the same time as the individual is acting to re-craft their
environment in order to assist in further cognitive activities (Hutchins, 1995; Pea, 1985, 1993), forming com-
plementary components of a distributed cognition system. Bringing the internal cognitive resources of the
individual (Atkinson & Shiffrin, 1971) into coordination with the external resources available in the environ-
ment is important in order to promote effective learning. The design of effective learning environments there-
fore depends on the ability of instructional designers to understand the cognitive impact of mediating artefacts
(Vygotsky, 1980) on the cognition of learners and to design mediating artefacts with the appropriate config-
uration of affordances and constraints (Norman, 1990, 1991).

2. Theoretical underpinning – distributed cognition

Arising from the work of Lev Vygotsky in the 1930s, distributed cognition (Cole & Engeström, 1993;
Dillenbourg, 1996; Engeström, 1999; Hollan et al., 2000; Hutchins, 1995; Karasavvidis, 2002; Nardi,
1996b; Pea, 1985, 1993; Perkins, 1993; Salomon, 1993; Wertsch, 1985), recognises the role that mediating
artefacts play in human cognition. This study looks at the role of a specific mediating artefact, the ‘Copy
and Paste’ function, in guiding or shaping the cognition of learners. Vygotsky (1980) argued two important
concepts:

1. That it is a special property of human cognition that humans put between the stimulus and their internal
cognitive resources certain mediating artefacts, such as signs, e.g. language, and physical tools, that altered
their cognition in fundamental ways, and
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2. That mediating artefacts are derived from the cultural and physical environment so that cognition is a
property of not just the internal processes of the individual but also involves their social and physical con-
text. In this way cognition can be viewed not just as a property of the internal cognitive abilities of the indi-
vidual but rather as the result of the individual and the surrounding resources that take part in an activity.

This view takes into account the fact that all cognition takes place in the context of activity (Nardi, 1996a),
that it makes use of a variety of mediating artefacts, and that activities occur in social contexts (Lave & Wen-
ger, 1991). Successful cognition can also be viewed as the extent to which the individual is able to make use of
the affordances (Norman, 1990) of the mediating artefacts available to them. According to Vygotsky (1980)
mediating artefacts can represent a range of tangible or intangible resources available in the environment.
They can be as diverse as physical tools, such as instruments on an aircraft, to procedures that are employed
in certain situations, to a range of signs and symbols, such as language and mathematics.

This view of cognition radically changes the way that mediating artefacts are perceived and has implications
for their design. Hollan et al. (2000) describe mediating artefacts and the environment in the following terms,
‘‘The environment is one’s partner or cognitive ally in the struggle to control activity.’’ (Hollan et al., 2000, p.
192). Salomon highlights the distributed cognition perspective of cognition by stating ‘‘. . .what characterizes
such daily events of thinking is that the social and artifactual surrounds, alleged to be ‘‘outside’’ the individ-
uals’ heads, not only are sources of stimulation and guidance but are actually vehicles of thought’’ (Salomon,
1993, p. xiii). Cognition in the real world according to Hutchins (1995), ‘cognition in the wild’, is fundamen-
tally entwined and entangled with aspects of the environment. Salomon states ‘‘. . .once human behaviour is
examined in real-life problem-solving situations. . . People appear to think in conjunction or partnership with
others and with the help of culturally provided tools and implements’’ (Salomon, 1993, p. xiii). Finally, Kara-
savvidis (2002) states that ‘‘The revived interest in the idea of cognition as distributed has been attributed to
. . . the fact people rely on computer artefacts to handle a wide variety of cognitive tasks,’’ (Karasavvidis, 2002,
p. 12).

Distributed cognition is a way to understand how people interact with their environment and how they can
be enabled by the environment to undertake highly complex tasks that would usually be beyond the abilities of
the unassisted individual. For this to occur a distribution needs to be established between the internal
resources of the individual and the external resources available in the environment. In order to guide learners
into cognitive activities that are appropriate, meaningful and effective, in terms of constructivist learning the-
ory, designers of computer mediated learning environments need to pay careful attention to the mediating
artefacts that are available to the learner, and to the affordances and constraints of the mediating artefacts
that are provided. In this study the ‘Copy and Paste’ function was examined from this perspective.

Information processing theory (Atkinson & Shiffrin, 1971), defines some limits of the internal cognitive
resources of the human component of a distributed cognition system. It also sheds light on why learners
may have problems with multiple sources of content in resource rich computer mediated learning environ-
ments due to the complexity of these environments. The concept of working memory (Miller, 1956) and its
limitations has implications for the amount of cognitive load (Sweller, 1999), that the internal cognitive
resources of the learner can be allocated in any activity. Therefore the design of mediating artefacts, in the
form of interfaces and interactions in computer mediated learning environments, should take into account
the balance of cognitive loads between components in the distributed cognition system.

Fig. 1 depicts the concept of a distributed cognition system in a graphic form and emphasizes the concept of
the ‘drift’ of cognitive processes between the internal and external elements of the system. The concept of
‘drift’ can be used to describe the capacity of cognitive processes to be transferred from the environment to
the internal resource of the individual or visa versa. In one direction drift tends to lead to the internalization
of external resources in the form of schema. When exposed to an external process, particularly if this occurs
often, an individual often constructs an internal representation of the process. They can then rely on that rep-
resentation on future occasions and this process of internalization is the traditional objective of educational
practice. At the same time if an individual configures the environment in order to assist in the completion
of a difficult task that person will often arrange for that configuration to be preserved in the form of a tool.
This means that on future occasions the person can make use of the tool instead of having to laboriously recre-
ate the solution to the problem using internal resources. This process of mediating artefact construction tends



Fig. 1. Representing distributed cognition.
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to lead to residues of internal cognition in the environment. Internalization of information and processes can
be represented as a form of ‘drift’ from the external components of the cognitive system to the internal schema
of the learner. At the same time the construction of mediating artifacts, via the reconfiguration of the environ-
ment accomplished during activity, means that internal patterns of cognition are being fixed or reified into a
permanent or semi-permanent form located in the environment (Pea, 1993; Perkins, 1993). Often the types of
patterns of cognitions that are fixed in the properties of mediating artifacts relate to how the control activity
and how to solve recurring aspects of problems (Hutchins, 1995). It is argued that in order to prepare learners
for real world contexts both of these processes, ‘internalisation’ and ‘externalisation’ should be encouraged.
To date traditional education has focused heavily on internalization, and often has intentionally prevented
learners from using or learning to create external resources.

Educational settings represent an interesting context in which to explore the application of distributed cog-
nition theory as these settings are both a cultural artefact and the means by which many aspects of culture are
propagated. The application of the theory of distributed cognition to educational applications involves three
further concepts:

1. An understanding of the interaction between internal and external elements involved in the cognitive pro-
cess of learners is needed to form a comprehensive description of cognitions embedded in the real world for
which education is preparing learners.

2. That mediating artefacts have an important role in enabling and structuring the cognitive processes of
learners, and include the physical and social context, the activity, and a range of physical and non-physical
tools.

3. Finally that learners need to be encouraged to undertake re-crafting of their environment to assist them in
there cognitive activities, thereby developing and practicing the skill of constructing mediating artefacts
that fix patterns of thinking in ‘permanent or semi-permanent forms’ that can be propagated for later use.
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An important issue in the context of this study is that interaction strategies, including problem classification
schemes, problem-solving strategies, monitoring strategies and common problem solution states, can be
thought of as mediating artefacts that may exist internally or externally. Fig. 1 shows that interaction strat-
egies, which control the nature of learner activity, can be derived from a number of sources. Other individuals
that participate in activity are an important resource as often more experienced ‘others’ in a community of
practice (Lave & Wenger, 1991), structure the activity by assuming executive functions in the system, such
as when a teacher controls the activity of a learner. Or the learner may employ an interaction strategy that
they have already mastered. This study is particularly concerned with the effect of interaction strategies that
have been embedded into the interface of the tools that learners employ, in this case the ‘Copy and Paste’ func-
tion of notepad tools. It is argued that embedding such an interaction strategy into the interface of mediating
artifacts used by learners may be a more effective way of directing learner activity than relying on ‘others’ to
supply the interaction strategy or relying on the learner to ‘recall’ it. Where the interaction strategy that is
embedded in the interface is inappropriate to the objective of the activity, which it is argued is the case with
the current ‘Copy and Paste’ function, the activity of the learner may be subverted into nonproductive forms,
such as excessive copying and plagiarism. There may be substantial benefits derived from the process of crit-
ically examining and manipulating externally represented interaction strategies for learners and instructional
designers.

In the context of this study one important method of analysis using distributed cognition theory is the work
of Wright, Fields, and Harrison (2000), who have proposed a model of human–computer interaction as a form
of distributed cognition, which focuses on individual computer users ‘interaction strategies’ such as ‘plan fol-
lowing’, ‘plan construction’, ‘goal matching’ and ‘history-based selection and elimination’. There are two key
elements in this work. The first is the recognition that ‘interaction strategies’ are one of the essential compo-
nents required for successful activity and the second is the concept that ‘interaction strategies’ can be embed-
ded in the interface. In the case of the study of human–computer interaction (HCI) ‘interaction strategies’ can
be embedded in the interface in order to assist the user complete specific tasks. In the case of a learning inter-
action it is argued the aim of embedded interaction strategies may be to guide the learner into engaging with
the content in an appropriate manner. When examining the ‘Copy and Paste’ function from a constructivist
perspective the aim may be to assist the learner to successfully process content for understanding. The process
of embedding interaction strategies into the interface for the learner is intended to alter, rather than to simply
reduce, the cognitive load on the learner. Instead of being shown an interaction strategy, and expecting the
learner to implement the strategy using their own cognitive resources, an embedded strategy emerges as a con-
sequence of using the interface. This allows the learner’s cognitive resources to be focused on interacting with
and understanding the content.

Theories of human cognitive architecture (Atkinson & Shiffrin, 1971) help to explain the fundamental pro-
cesses of encoding information to long-term memory. These theories offer some possible encoding strategies
(Lutz, 2000), which emphasize the processing of content for understanding, which may form the basis of an
effective learning interaction strategy. These encoding strategies may promote the formation of effective and
efficient mental schema. It is important to point out that in the general theoretical framework of the study the
aim of education is not to encourage ‘memorisation’ of content but to encourage the processing of content for
understanding, to construct schema based on that understanding and on the nature of the interaction in which
the learner has been involved. The challenge taken up in this study is to construct effective learning interac-
tions by fixing these encoding strategies into an external form as an interaction strategy that is then embedded
into the interface of the ‘Copy and Paste’ function. Schema theory (Bartlett, 1958), provides an explanation of
how schemata are constructed rather than recorded. This process requires that content needs to be processed
extensively in order to create meaningful and logical schema structures.

The above discussion has outlined the general principles of distributed cognition and the processes by
which mediating artefacts may influence the cognition of learners. In the context of this study the concept
of embedding interaction strategies, argued for from a distributed cognition perspective, into the interface
has been discussed and encoding strategies based on schema theory were examined as one method by which
learners can engage in the processing of content. The following section will examine the ‘Copy and Paste’
function in detail and outline the specific method used to embed the interaction strategy selected into the
interface.
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3. Reconfiguring the ‘Copy and Paste’ function

When examining the ‘Copy and Paste’ interaction it is important to understand its historical context as
activity theory (Engeström, 1987, 1998, 1999; Kuutti, 1996; Nardi, 1996a) indicates that the form and func-
tionality of tools and mediating artefacts is heavily influenced by the social context in which they were devel-
oped. The ‘Copy and Paste’ interaction was originally developed for business applications and consequently
its primary affordances are accuracy, the unmodified duplication of material to prevent errors, and speed, in
order to reduce labour costs and therefore to increase profitability. The ‘Copy and Paste’ function has been
developed to preserve the integrity of data rather than to facilitate the manipulation and change of data.
To some extent the traditional characteristics of the ‘Copy and Paste’ function tend to support instructivist
learning environments where the instructional aim is to ‘transfer’ an accurate representation of content effi-
ciently to the learner but they may not be consistent with the philosophy of constructivist learning environ-
ments. From a constructivist perspective the primary concern of a learning interaction is that it engenders
extensive processing of the content in order for the learner to understand it, relate it to their aims, the current
context of activity and their past experience. The schemata, that form as a result of this type of meaningful
interaction, do not necessarily need to replicate the information presented but do need to be useful and rele-
vant to the learner. Any re-design of the ‘Copy and Paste’ function to support constructivist learning environ-
ments would need to align it more closely with these aims.

It can be argued from a distributed cognition perspective that a constructivist learning environment is
undermined by the provision of a ‘Copy and Paste’ function that does not encourage learners to engage in
activity that will promote learning. Several issues can be highlighted with the current ‘Copy and Paste’ func-
tion, including:

� The interaction is too fast and does not allow sufficient time for extensive processing to occur.
� The interaction allows the ‘reproduction’ for content ‘as is’ rather than encouraging its manipulation and

alteration.
� The interaction can be carried out with very little cognitive effort and therefore does not engender the

appropriate level of cognitive load to produce strong learning effects.
� Contextual information can be lost if content is removed from its original location and placed into unstruc-

tured notes.
� The act of gathering content is sometimes separated from the act of processing and using the content, for

example via a project, report or presentation.
� The authorship of information becomes difficult to determine when copied content can be formatted in an

identical manner to learner generated material.
� The learner’s original work is not clearly differentiated from resources gathered from the environment.

It is theorised that maximum learning effects can be derived from an interaction strategy that requires learn-
ers to manipulate content extensively, allows the learner time to manipulate the content, requires the learner to
complete some form of task with the content in order to understand it, such as elaboration, categorisation, or
summarisation, and that alters its form significantly. The result of such a process would produce content that
was significantly different from the original material but in the process of this transformation significant learn-
ing could occur. The output of the interaction would reflect the learners’ understanding of the content and the
influence on them of their learning experience rather than simply replicating information.

In order to understand the usefulness of these concepts a comparative study was designed. Two versions of
a notepad tool were developed, a standard version that contained an un-modified version of the ‘Copy and
Paste’ function that formed the control treatment, and a modified version which formed the experimental
treatment and that was designed from a distributed cognition perspective. The experimental version, shown
in Fig. 2, differs from the control version in that when a piece of text is selected and the ‘Copy’ button is
pressed the Notepad and Presentation Windows are displayed. In the Notepad Window the learner is
prompted to fill in a series of text fields that are designed to encourage processing of the content. When this
process is completed the learner clicks on the ‘Paste’ button and the notes that have been developed are pasted
into the Presentation Window. A further window, the Resources Window (not depicted), is also available
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through clicking on ‘Note Taking’ and ‘Info’ buttons in the interface and presents information on the purpose
and function of interface elements and on general note taking and summarisation techniques. In the control
version selected text is pasted directly into the Presentation Window without modification.

The embedded note-taking strategy consists of five components and each of these targets a particular
encoding strategy (Lutz, 2000) based on information processing theory and schema theory:

� Assigning a label or keyword to the content in order to assist in categorisation.
� Noting of the source of content or a reference.
� Differentiating quoted material through distinctive formatting of the text.
� Relating the material to a question or major concepts.
� Creating a summary or paraphrase.

It should be noted that similar information on note-taking strategies, including exemplars of good and bad
note-taking practice, is available in the Exploring the Nardoo package as a resource. However, several studies
(Corderoy, Harper, Hedberg, & Wright, 1998; Hedberg et al., 1998) have indicated that some learners have
not utilised this material effectively. By embedding this interaction strategy into the interface (Wright et al.,
2000) the learner is encouraged to enact the strategy as a consequence of engaging with the mediating artefact.
In distributed cognition terms the mediating artefact assumes executive control of the system by dictating an
appropriate strategy thereby allowing the internal cognitive resources of the learner to be fully engaged in pro-
cessing the content for understanding.

The ‘Label – Keyword’ field was designed to encourage categorisation which enables the information pro-
cessing encoding strategy called ‘chunking’ (Lutz, 2000). In order to generate understanding the learners
need to relate the new information to what they already know. One strategy to encourage this process is
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to require the learner to generate a descriptive label or keyword that represents the nature of the content.
The descriptive label allows the learner to categorise the content and to determine its relationship to other
concepts, to a specific topic or problem. The ‘Source – Reference’ field was designed to assist learners in
maintaining contextual information. Probably the most important aspect of this area is to require the learner
to create a short description of the source of the content to serve as a reminder of the context. Alternately
the learner may be encouraged to record a reference to the location of the content in order to assist them in
returning to the original context. Both these techniques provide some support to the maintenance of contex-
tual information, would tend to reduce the likelihood of inadvertent plagiarism, and require the learner to
reflect on the original context of the content. The ‘Quote’ field displays the copied text so that the learner can
review and analyse the original text segment during the course of the interaction. In the case of the current
study formatting has been used to distinguish directly copied text from other text generated by the learner.
In this case the copied text is formatted in italics and is also coloured in dark blue when it is pasted into the
learner’s notes. In this way it is readily apparent to the learner which information is copied and which is not.
Clearly identifying the extent of copied text may lead learners to value their own text more highly. This is
due to the fact that although copied text may have superior expression and grammar both the learner and
the assessor will be able to evaluate the relative amounts of text and therefore the relative amount of effort
required to generate original, or processed, text as opposed to the relative ease involved in simply copying
text. Of course the learner may change this formatting at any time but if they wish to make use of this for-
matting device to track the ownership of information they can. The ‘Relates To . . .’ field requires the learner
to construct a short statement about how the content relates to the question, topic or investigation being
carried out. This can be regarded as a statement of the relevance or importance of the content to the learner.
This involves a value judgement by the learner and could help to focus the learner on assessing whether the
content is significant or not. This may help the learner to focus on the relevant aspects of the information
rather than being distracted by trivial details and off topic content and may reduce the likelihood of excessive
and indiscriminate copying. The ‘Summary – Paraphrase’ field encourages the learner to process content for
understanding by requiring the learner to create a summary or paraphrase of the content. It is designed to
trigger the organization encoding strategy, (Lutz, 2000), as the learner uses condensation and visual hierar-
chies to represent their understanding, and the elaboration encoding strategy, (Lutz, 2000), when the learner
uses descriptive language or creates distinctive visual structures using italics, indents, bolding, and colour
coding to represent their understanding. A summary requires the learner to evaluate the important aspects
of the information, to represent these in a condensed form of text and to restructure the text with formatting
techniques in order to show important relationships within the content. This process requires significant cog-
nitive work on the content and involves making meaning with regard to the new information being related to
what the learner already knows. A paraphrase requires the learner to restate the content in his or her own
words or in terms that they are familiar with. In order to do this the learner must understand the original
content and also be able to express that understanding in a different form. Again significant cognitive pro-
cessing is engendered and past experience is involved.

4. Methodology and experiment

A study was conducted in the unit MMS2701 Principles of Educational Multimedia, a second year unit
in the Bachelor of Multimedia Systems degree in the Faculty of Information Technology at the Monash
University. In 2004 a pilot study was conducted involving 36 participants (control group 17, and experi-
mental group 19) in order to test the methodology and research instruments used. The same methodology
was used in the 2005 follow up study with 33 participants (control group 17 and experimental group 16) in
the same subject. The study was conducted in well-equipped multimedia labs that contained 20 high spec-
ification PCs with the appropriate software and projection facilities. Participants in the study were familiar
with academic essay writing skills with all students having either completed or having received credit for
the unit MMS1001 Technical and Professional Communication. Participation in the study was entirely
voluntary.

The purpose of the study was to assess the impact of an experimental treatment based on a redesigned
‘Copy and Paste’ function, argued for from a distributed cognition perspective, in terms of:
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(a) changes to interaction strategies employed by learners;
(b) changes in learner familiarity with note taking and summarisation interaction strategies;
(c) changes to the features of the text produced by learners.

Three types of data were collected in this study in order to address the above issues: (1) video tape obser-
vations of learner activity onscreen, (2) pre and post treatment survey data, and (3) the actual text notes pro-
duced by learners. This study adopted a mixed methods research approach with an emphasis on a qualitative
research stance due to the educational setting in which it was located, which produces a unique and complex
context, and its examination of a specific interaction process, the ‘Copy and Paste’ function. According to
Johnson and Onwuegbuzie (2004), ‘‘In many situations, researchers can put together insights and procedures
from both approaches to produce a superior product (i.e., often mixed methods research provides a more
workable solution and produces a superior product).’’ (Johnson & Onwuegbuzie, 2004, p. 17). Burns
(1997) states that ‘‘The strength of qualitative studies lies in research that is descriptive or exploratory and
that stresses the importance of context and the subject’s frame of reference.’’ (Burns, 1997, p. 295). In addition
the principle of ‘triangulation’, where a variety of sources of evidence are used to support each other, was
implemented through the use of participant observation, surveys of participants, and analysis of the notes pro-
duced by the participants.

The context of the experimental and control treatments involved learners undertaking three short writing
tasks using a set of text-based resources over three one hour sessions in preparation to write an essay. The
essay topic was divided into three parts and was related to the application of learning theory to multimedia
learning environments. The essay topic was design to make it difficult for students to simply copy an existing
resource and during class discussions, on the nature of the response expected, the process of constructing an
academic argument was emphasized. A detailed assessment task description was supplied to all students
enrolled in the unit, which included guidance on the standard of research, argument and written expression
required. They were also supplied with the assessment criteria that would be used to grade the student’s work
that included descriptors of good and bad performance in each category. Both these items indicated to the
students that they were required to synthesize a response from the resources supplied and further research,
rather than simply reproducing the existing material.

The experimental design of the study consisted of dividing the participants into two groups using a random
allocation. Learners allocated to the control group interacted with the multiple text-based resources using a
standard ‘Copy and Paste’ function and also had access to a document outlining note taking and summari-
sation strategies. The experimental group interacted with the multiple text-based resources using a modified
‘Copy and Paste’ function that included note taking and summarisation strategies embedded in the interface
and also had access to a document outlining note taking and summarisation strategies. The experimental
group was exposed to the experimental treatment for three one-hour sessions over a period of three weeks.
At the same times the control group was exposed to the control treatment in three one-hour sessions over
a period of three weeks. During each session the onscreen activity of randomly selected participants from both
experimental and control groups was recorded for approximately 10–15 min per subject. All participants
received pre and post treatment surveys for each session. The notes produced by all participants were collected
after each session.

The methodology of the experiment concerns three main issues with the first being a discussion of appro-
priate methods of examining the onscreen activities of learners and analysing the resulting observations in
response to the research question:

Does a change in the ‘Copy and Paste’ function lead to changes in the nature or the duration of the inter-
action strategies observed in the learner’s onscreen activities?

Analysing learner onscreen activity when interacting with multiple text resources is important to under-
stand the impact of mediating artefacts on learners in structuring learner activity and therefore influencing
cognitive processes. In order to examine learner activity a protocol for observing the learners needed to be
established. This consisted of video taping the activity of learners that occurred onscreen. Selected learners
were taped for approximately 10–15 min with the camera focused on the computer screen. In addition a
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method of analysis of the video data collected needed to be developed. This consisted of analysing a sample of
data to determine appropriate categories of activity observed. This categorisation method was then tested to
determine its validity in categorising the activity of learners in the remaining video data.

At a basic level learner activity, when interacting with multiple text resources in computer mediated learn-
ing environments, can be divided into three general types, Creating/Composing, Manipulating/Restructuring,
and Consuming/Browsing. For the purposes of this analysis these categories can be defined as follows:

� Creating/Composing can be defined as the act of writing texts without direct reference to external resources.
� Manipulating/Restructuring can be defined as the process of altering, re-sequencing, combining, refining or

elaborating one or more existing texts.
� Consuming/Browsing can be defined as experiencing existing content through reading, navigating or copy-

ing with little or no attempt to manipulate or alter the resource.

Active and engaged learners often create or compose new text materials. For example the learner may write
original content, create a label or make a summary. Creating or composing texts can be associated with a high
level of processing due to the fact that the learner must engage pre-existing schema, and often must reconcile
new information with pre-existing schema, in order to generate a response to a current experience or problem.
Learners may also be involved in manipulating or restructuring materials, such as when creating a paraphrase,
recording a reference or re-sequencing material. Manipulation of content may be equated with a range of pro-
cessing levels from high to moderate to low, depending on the nature of the activity. For example, reordering
content topics according to an organising principle such as the chronological order of events or the level of
importance, may involve extensive processing, and would likely be associated with some labelling or writing
activity. Creating a paraphrase of content would generally involve a moderate level of processing as the con-
tent must be restated in the learner’s own words but without altering the fundamental structure of the content.
Conversely, relocating text segments using the ‘Copy and Paste’ function may involve relatively low levels of
cognitive processing and would be associated with altering the superficial appearance of the content rather
than altering the fundamental nature of the content. Finally, learners may engage in consuming existing infor-
mation through browsing a resource or navigating between resources. Reading content or collecting a copy of
it can be seen as a relatively passive experience where the learner experiences pre-existing content without
changing or manipulating it. Therefore this class of activity can generally be characterised as involving a
low level of processing of the content. The three categorises of interaction can be related to levels of processing
of the content and specific observable actions as outlined in Fig. 3. Specific actions may be observed, such as
writing, creating a label, recording a reference, creating a paraphrase, or reading content, and these actions
Fig. 3. Analysis of video observations.



Table 1
Example analysis of video observation subject RIN 34

Duration Activity Code High Moderate Low

Minutes Seconds

27 Browse resource L1B x
17 Label H3L x

2 55 Summary H2S x
18 Browse notes L2B x

1 58 Browse resource L1B x
35 Copy and paste/selecting L3C x
9 Label H3L x
52 Relates to. . . H4R x
47 Browse notes L2B x
21 Browse resources L1B x

Total
8 39 4.13 (48.7%) 4.26 (51.3%)
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can be aligned with specific levels of processing. Video recordings of learner activities can therefore be ana-
lysed in order to determine the types of actions observed and their relative durations. As a consequence an
indication is given of the level of cognitive processing undertaken by the learner.

An example of the analysis of learner activity recorded on videotape is shown in Table 1. In the example
from week 3 of the 2004 study, 8 min and 39 s of the onscreen activity of subject RIN 34 is examined to deter-
mine the nature of the activities, their duration and sequence. A log of the subject’s activity is created which
can be compared to the activities of other subjects in the experimental and control groups.

When the onscreen activity of both the experimental and control groups have been analysed in this manner
comparisons can be made regarding the types of activities observed, the duration of activities, the sequence of
activities, and the relative duration of activities requiring high level processing, moderate processing and low
level processing of content.

The second issue related to the methodology of the experiment involves a discussion of appropriate meth-
ods of examining changes to the learner’s familiarity with note taking and summarisation techniques in
response to the research question:

Does a change in the ‘Copy and Paste’ function lead to changes to the learners’ familiarity with note taking
and summarisation techniques?

Analysing learner familiarity with note taking and summarisation techniques is important to understand the
impact of mediating artefacts on learners in computer mediated learning environments in the process of inter-
nalising effective interaction strategies.

In order to examine learner familiarity with note taking and summarisation techniques a survey instrument
needed to be developed. This process consisted of developing and testing a set of questions that used a Likert
Scale to elicit the learners’ self-perception of their familiarity with the specified note taking and summarisation
techniques. The validity of the survey instrument questions was established by evaluation by supervisors and
colleagues. When the results of the pre and post treatment surveys conducted over the three sessions were col-
lated the self-perception of the learner’s familiarity with note taking and summarisation techniques of both the
experimental and control groups could be analysed in order to examine differences. The analysis may also
highlight any changes to the level of familiarity over the three sessions. This could then be used to indicate
if the embedded interaction strategies in the experimental treatment have been internalised by the members
of the experimental group more effectively than by the control group due to repeated exposure to the embed-
ded process.

The final issue involving the methodology of the experiment involves a discussion of appropriate methods
of examining the characteristics of the text notes generated by the learners in response to the research question:

Does a change in the ‘Copy and Paste’ function lead to differences in the characteristics, or relative volume
of such characteristics, of the text notes produced by learners?
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Analysing the features of the text notes produced by learners when interacting with multiple text resources
is important to understand the impact of mediating artefacts for learners on the depth of processing of content
and therefore on the nature of the cognitive processes used by the learners.

In order to examine features of the text notes produced by the learners a method of analysis of the notes
data collected needed to be developed. This consisted of analysing a sample of notes data to determine appro-
priate categories for the text examined. This categorisation method was then tested to determine its validity in
categorising the features of the text in the remaining notes data. The data was then analysed to determine if
any differences could be determined in the nature of the features of the text notes produced or the relative vol-
ume of such features. The text features examined include:

� Copied unmodified text.
� Labels.
� Noting of content source (reference).
� Noting relationship to topic.
� Paraphrasing.
� Summarisation.
� Original text/discussion/analysis.

At the simplest level text can be described as either, Original, Derivative or Copied. For the purposes of this
analysis these categories can be defined as follows:

� Original text could be defined as material composed by the learner without direct reference to external
resources.
� Derivative text could be defined as material that is composed with reference to or including some compo-

nents of one or more external resources.
� Copied text could be defined as material that is appropriated from one or more external resources with little

or no modification.

These categories of text can then be equated to levels of cognitive processing of content by the learner.
Obviously a high level of cognitive processing is required to develop original text as pre-existing schema must
be activated in order to evaluate and respond to the learning experience. Generally a high level of processing
would also be required to create a summary as the summarisation process involves making judgements on the
relative importance of content, condensing content and restructuring content to form an outline. Making a
paraphrase of a resource would tend to indicate a moderate level of processing as the nature of the content
is only superficially altered. Finally, copied material would indicate a low level of processing as the material
is not altered, restructured or manipulated in a significant way. Using this system specific text features can be
Fig. 4. Analysis of text features.
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equated with different levels of processing which can in turn be related to original, derivative or copied texts.
In Fig. 4, these relationships are illustrated.

An example of the proposed text analysis method is shown below and is an excerpt taken from learner notes
created by subject RIN 32 in the experimental group from week 3, 2004 study. The text has been labelled, in
brackets, to indicate the following:

� Original and derivative – high level processing.
� Derivative – moderate processing.
� Copied – low level processing:

Instructivism (Label – high)
Constructivism Versus Instructivism
http://www.myped.net/wwwsite/sections/trends/05022001_article.jhtml (Reference – Moderate)
Instructivists seek a teacher-centered approach, and the roots are in faculty psychology, wanting hard work, stan-

dards, rigor, and testing, and these also coincide with the American Puritan ethic about hard work. Instructivists

are just as disturbed about ‘‘whole language instruction’’, ‘‘inquiry learning’’, ‘‘developmentally appropriate’’,

‘‘self-esteem’’, and ‘‘accommodation of student diversity’’. Instructivists claim that child-centered philosophies

are fanciful, unproved, and faddish. (Copied – low)
Instructivists believe in the opposite to constructivists. They believe in teacher/student learning, and dis-
courage individual development and self discovery. They rely heavily or believe in repetition, of what
was previously learned. E.g. past beliefs are still taught and encouraged, not new ones where individuals
discover and philosiphize themselves. (Summary/original – high).

In this case the high level processing category included 49 words (43.5%), the Moderate Processing category
included 4 words (3.5%), and the low level processing category text included 60 words (53%). The volume of
content totals 113 words. When the notes compiled from both the experimental and control groups have been
analysed in this manner comparisons can be made regarding the volume of notes collected or created, and the
relative volumes of high level processed, moderately processed and low level processed content that are
recorded in the learners’ notes.

5. Outcomes

This study examined the impact of an experimental treatment based on changes to the ‘Copy and Paste’
function in terms of:

(a) changes to interaction strategies employed by learners;
(b) changes in learner familiarity with note taking and summarisation interaction strategies;
(c) changes to the features of the text produced by learners.

In each of these areas differences were observed between the experimental and control groups.

5.1. Results of video analysis

Differences were observed in the nature and duration of participant’s onscreen activity between the exper-
imental and control groups, with a sample size of experimental n = 31 and control n = 28. The sample size in
this case was influenced by the limited number of video cameras, four, which were available to capture learner
activity and includes observations over three weeks of data collection from the 2004 and 2005 studies. After
approximately 13 h and 43 min of video observations were examined, on average the experimental group spent
27.65% (calculated on percentage of seconds of total time) of their time engaged in activities that indicated a
high level of cognitive processing. The experimental group also tended to switch back and forth between
browsing, copying and writing activities. In contrast the control group spent on average only 6.67% of their
time engaged in activities that indicated a high level of cognitive processing. The majority, 91.70%, of their

http://www.myped.net/wwwsite/sections/trends/05022001_article.jhtml


Table 2
Summary comparison of the relative durations of activities of the experimental and control groups

High % Medium % Low % Total

Experimental

Total (min) 128.03 23.39 311.28 463.11
Total (s) 7683 1419 18688 27791

Average (s) n = 31 247.84 27.65 45.77 5.11 602.84 67.25 896.48

Control

Total (min) 24.01 5.52 330.07 360.00
Total (s) 1441 352 19807 21600

Average (s) n = 28 51.46 6.67 12.57 1.63 707.39 91.70 771.43
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time was spent in activities that required a relatively low level of cognitive processing of the content such as
Browsing. In addition this group rarely switched out of the browsing activity into other forms of activity that
required higher levels of cognitive processing (see Table 2).

When all weeks were combined the participants of the experimental group were observed moving between
levels of processing by changing onscreen activity from browsing and copy, on average 67.25% of the total
time, to referencing and restructuring, on average 5.11% of the total time, to writing, labelling and summari-
sation, on average 27.65% of the total time. This pattern generally took from 1–5 min for a cycle to occur and
produced an ‘S’ shaped trace on the data sheets.

An example of a data sheet is depicted in Table 3 which was the result of the analysis of the onscreen activ-
ity of a member of the experimental group RIN 14 in Week 2 of the 2004 Study. This evidence of participants
in the experimental group switching between interaction strategies indicates that the experimental treatment
was successful in structuring the activity in such a way as to encourage the processing of the content.

In contrast the activity of the control group tended to reflect an over reliance on browsing and copy activ-
ities, on average 91.70% of the total time, which tended to last for extended periods, with little referencing or
restructuring, on average 1.63% of the total time, and little writing, on average 6.67% of the total time. Some
participants in this group only exhibited browsing and navigating strategies.

An example of a data sheet is depicted in Table 4 which was the result of the analysis of the onscreen activ-
ity of a member of the control group RIN 50 in Week 2 of the 2004 Study. In this example the lack of switch-
ing between levels of processing can be seen with the result that low levels of activity occur for extended
periods. The unmodified ‘Copy and Paste’ function did not appear to encourage the participants in this group
to switch to a writing activity and did not interrupt the browsing activity for long. As can be seen in the exam-
ple from the control group in Table 4 the activity of ‘Copy and Paste’, selecting a piece of text and pressing the
Copy button to paste it into the notes, took very little time. Of the 7 times this interaction occurred the average
duration was 4.7 s and in total duration took only 33 s, 3.51% of the total time, and so allowed little time for
the processing of the content for understanding.

With the control group concerns were raised as to the extent to which participants were understanding and
encoding the content, which they had browsed and copied, to long-term memory since they had so little time in
which to interact with it and did not manipulate the content in any significant way. Using one type of activity
when processing content, such as browsing, proved to be an ineffective interaction strategy for participants in
the control group as employing only the browsing strategy did not lead to high levels of processing or well
structured notes.

Further analysis of the participant’s onscreen activity revealed that a significant amount of time was
required for writing activities to produce even a moderate amount of notes. Labels and references took rela-
tively little time to produce. Summaries however took longer to produce as can be seen in Table 3. It was
observed that it often took between 1 and 2 min for a participant in the experimental group to produce a small
section of summary text. Many subjects also deleted a considerable portion of the text that they were creating
in order to make changes to the wording. In contrast participants in the control group rarely engaged in text
creation after they had copied a section of text. Often these participants browsed their notes for a short time in



Table 3
Video observation example experimental group RIN 14 week 1 2004
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order to verify that the section of selected text had indeed been pasted into their notes and immediately
returned to browsing the resources. Large volumes of text notes could be generated in a short period using
copying strategies observed in the control group for relatively little cognitive effort. Therefore the notes of
the control group tended to have a much greater volume of copied text but this required much less cognitive
effort to generate when compared to the smaller volume of summary text produced by the experimental group
that required significantly more time and cognitive effort to generate.

The percentage of time spent over three weeks in activities indicative of high levels of cognitive processing
was significantly greater for the experimental group (independent samples t-test, t(59) = 4.7462538, p < 0.001).
The percentage of time spent over three weeks in activities indicative of low levels of cognitive processing was
significantly greater for the control group (t-test, t(59) = 3.4688842, p < 0.01) (see Table 5).

In conclusion changes in the ‘Copy and Paste’ function did indeed lead to significant changes in the nature,
sequence and the duration of the interaction strategies observed in the learner’s onscreen activities between the
experimental and control groups.



Table 5
Observation results summary table

Comparing level of cognitive processing
indicated by duration of activities
observed – experimental vs control

Meana Exp

(n = 31)
Meana Con

(n = 28)
SD Exp SD Con t-Testb Probability Significant

High 26.80 7.07 16.83 12.78 4.7462538 p < 0.001 Yes
Medium 4.90 1.91 5.11 3.79 0.8004707 p > 0.20 No
Low 68.28 91.00 17.19 13.73 3.4688842 p < 0.01 Yes

a Mean calculated on the value of the percentage (rounded to two decimal places) of total time.
b Calculated using a modified method of calculating t used for small samples (Burns, 1997, p. 158).

Table 4
Video observation example control group RIN 50 week 1 2004
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5.2. Results of survey analysis

Some differences were observed between the two groups in regard to their familiarity with note taking and
summarisation techniques, with a sample size of week 1 experimental n = 38 and control n = 31, week 2 exper-
imental n = 31 and control n = 26, and week 3 experimental n = 25 and control n = 25. Sample size varied
according to participant attendance on specific weeks over the data collection period in the 2004 and 2005 stud-
ies. The survey responses indicated that prior to the treatment both groups reported that they were familiar with
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and used note taking techniques, with both groups averaging 4.03 on a 5 point scale, but that by the end of the
three week period the experimental group reported a slightly greater intention to use note taking techniques in
the future, 3.50 compared to 3.24. Participants in the experimental group reported a greater increase in famil-
iarity with note taking techniques in post-treatment surveys in week 1, experimental 3.19 to control 2.42, and
week 2, experimental 3.36 to control 3.04. Data for week 3 post-treatment was not collected.

In weeks 1 and 2 pre-treatment surveys of the familiarity of participants with note taking techniques was vir-
tually identical but in the week 3 pre-treatment survey the experimental group indicated that their familiarity was
improving slightly more than the control group, 3.72–3.36. A v2 test of the independence of a categorical variable
for week 3 indicated that there was no significant difference between the experimental and the control group
(week 3, control group = 25, experimental group = 25, v2 [df = 4, n = 50] = 2.37, p > 0.1) for this measure.

With regard to the increase in familiarity with note taking and summarisation techniques analysis of the
post-treatment surveys, both weeks 1 and 2 (week 3 not collected) showed the difference observed between
the groups was significant with the experimental group believing they were more familiar (week 1, control
group = 31, experimental group = 37, v2 [df = 4, n = 68] = 11.10, p < 0.05), (week 2, control group = 26,
experimental group = 29, v2 [df = 4, n = 55] = 23.60, p < 0.001).

5.3. Results of text analysis

Differences were observed in the features of the texts produced by the two groups, with a sample size of
experimental n = 61 and control n = 66. The sample included notes from all participants over the three weeks
of data collection from the 2004 and 2005 studies. After approximately 490 pages of notes were analysed, on
average the experimental group over all three one hour sessions produced texts that contained an average vol-
ume of 66.79 words that indicated a high level of cognitive processing, mostly learner generated content, labels
and summaries, while the control group on average produced texts that only contained a volume of 21.88
words that indicated a high level of processing. Of particular note is the number of participants in the control
group, 43 out of 66 sets of notes, who produced no highly processed content. The average volume of text over
all three sessions that indicated a moderate level of processing, mostly composed of reference information, was
virtually identical at 16.36 words and 16.13 words, respectively. With regard to the average volume of text that
indicated low levels of processing, mostly composed of unmodified copied text, the experimental group pro-
duced an average volume of 596.52 words while the control group produced a larger volume of 777.04 words.
This indicated a greater reliance on copying unmodified text by the control group (see Fig. 5).
Fig. 5. Summary comparison of proportion of highly, moderately and low processed content in the notes of the experimental and control
groups.



Fig. 6. Comparison of the average total volume of notes.
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In Fig. 6 the average total volume of notes produced by participants is shown. Over the three week period
the experimental group tended to produce a lower volume of notes. The total volume of notes was particularly
sensitive to over use of the ‘Copy and Paste’ function where participants could collect large volumes of notes
with little effort.

Despite the fact that the experimental group produced a lower volume of notes, Fig. 7 shows that in all
three weeks the experimental group produced a greater volume of highly processed content. This indicates that
the experimental group processed the content to a greater degree. Evidence of high levels of processing of the
content was wide spread among the experimental group with only 6 out of 61 notes showing no evidence of
high levels of processing. This is particularly significant in view of the fact that a large number of the control
group participants, 43 out of 66, that contained no evidence of high levels of processing.
Fig. 7. Comparison of the average volume of highly processed notes.
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Fig. 8, indicates that both groups engaged in roughly the same volume of moderate level processing, which
mainly consisted of reference information. This indicates that both groups made use of referencing techniques.
However in many cases, particularly in the control group, this consisted of ‘Copy and Pasting’ the reference
and it is unclear how much this practice promoted the processing of the content.

The analysis of the volume of low processed content is shown in Fig. 9 and indicates that generally the
experimental group relied less on copied content.

In general the experimental treatment reduced the volume of content copied, the content tended to be cop-
ied in smaller sections or chunks, and the copied content appeared to be selected more carefully for a specific
Fig. 8. Comparison of the average volume of moderately processed notes.

Fig. 9. Comparison of the average volume of low processed notes.
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purpose. In contrast the copied content collected by the control group often appeared to consist of large sec-
tions or whole documents.

The experimental group also produced notes that were structured differently than the control group and
generally included a wider variety of specific text features than the control group. The experimental group’s
notes tended to be structured into small sections that contained a label, a reference, a quote and some discus-
sion of the quotes relevance, meaning or use. Content tended to be collected for a specific purpose, for example
as a definition or to illustrate a point. Two examples of well-structured notes produced by the experimental
group are reproduced below.

RIN 35 Week 3 2005

Metacognition (Label – high)
. . .. . .
Metacognition: An Overview, Jennifer A. Livingston, 1997 (Reference – moderate)
. . .. . ..
Metacognition refers to higher order thinking which involves active control over the cognitive processes

engaged in learning. Activities such as planning how to approach a given learning task, monitoring compre-

hension, and evaluating progress toward the completion of a task are metacognitive in nature. (Copied –
low)
. . .. . .
Metacognition, a definition. (Relates to. . . – high)
. . .. . .
Metacognition refers to a kind of thinking which relates to cognitive processes in which the learner
actively attempts to control the use of their cognitive resources. (Summary/Original – high)
. . .. . .

RIN 115 Week 3 2005
games advantages (Label – high)
. . .. . .
Yasmin B. Kafai, the educational potential of electronic games (Reference – moderate)
. . .. . .
The number of hours spent in front of these screens could surely reach the hundreds of billions. (Copied –
low)
. . .. . .
potential of gaming as learning source (Relates to. . . – High)
. . .. . .
games potential to reach mass audience of children as a teaching medium..part of american childrens
culture (Summary/original – high)
. . .. . .

The control group’s notes tended to be unstructured with a large volume of quoted material collected but
little indication of its use or meaning. References were often included but material was less often collected for a
specific purpose. Examples of poorly structured texts are not reproduced due to space constraints. The well
structured notes produced by the experimental group appeared to be better suited for later use and review.

There appeared to be an optimal volume of notes that could be created within the hour long sessions, of
approximately 300–600 words of which approximately one third was highly processed material. Larger vol-
umes of content tended to be associated with indiscriminate copying with little relationship created to the
intended use of the material. Lower volumes of notes tended to indicate too much browsing activity and
not enough processing of content. In other words, participants spent a lot of time browsing and reading
but did not record any of the information gained in their notes.

As indicated in Table 4, the percentage volume of notes over three weeks categorised as being indicative of
high levels of cognitive processing was significantly greater for the experimental group (independent samples,
t-test t(127a) = 3.5089881, p < 0.001) and the percentage volume of notes over three weeks categorised as
being indicative of low levels of cognitive processing was significantly greater for the control group (t-test
t(127) = 2.6734777, p < 0.01) (see Table 6).



Table 6
Text results summary table

Comparing level of cognitive
processing indicated by text
features – experimental vs control

Mean Exp

(n = 61)
Mean Con

(n = 66)
SD Exp SD Con t-Test Probability Significant

High 66.79 21.88 69.80 47.05 3.5089881 p < 0.001 Yes
Medium 16.35 16.13 23.86 29.36 0.4770723 p > 0.20 No
Low 595.84 777.04 878.89 869.54 2.6734777 P < 0.01 Yes
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In conclusion changes in the ‘Copy and Paste’ function did indeed lead to significant differences in the char-
acteristics and relative volume of such characteristics, of the text notes produced by the participants. Signif-
icant differences were also observed in the structure of the notes produced. The notes produced by the
experimental group included indications of significant cognitive processing of the content, tended to be
well-structured, and rarely included excessive copied content. In contrast the notes produced by the control
group rarely included indications of high levels of cognitive processing, tended to be poorly structured, and
tended to involve excessive volumes of copied material.

6. Conclusions and further research

In this paper data has been presented and analysed in three areas; observations of participant activity, par-
ticipant familiarity with note taking and summarisation techniques, and the features of notes produced by par-
ticipants. Significant differences between experimental and control groups were observed in a number of areas.
The results presented in this paper lead to the conclusion that mediating artefacts do indeed influence the cog-
nitions of those who interact with them. The effects observed were immediate, wide spread, consistent and per-
sistent. Embedding specific interaction strategies into a mediating artefact, the ‘Copy and Paste’ function,
proved effective in restructuring the activity to be a more effective learning interaction. A significant portion
of the experimental group of participants processed the content to a higher degree, spent more time processing
content, was more familiar with note taking and summarisation techniques, produced better structured notes
and resorted less to indiscriminate copying. The negative effects of the current ‘Copy and Paste’ function
severely affected approximately half of the control group, with these participants rarely processing content
to a high level, spending very little time processing content, tending to browse resources for extended periods,
creating poorly structured notes and often resorting to indiscriminate copying.

This study indicated that even though participants in the control group received instructions on an appro-
priate interaction strategy through assignment specifications, detailed assessment criteria and class discus-
sions, and had easy access to resources on note taking and summarisation techniques, those students who
used the unmodified ‘Copy and Paste’ function often reverted to ineffective interaction strategies. Most par-
ticipants indicated in survey responses that they were familiar with note taking and summarisation techniques
but the onscreen activity and the actual notes produced by the control group did not support this result.
Emphasis on writing strategies may improve student outcomes but this study suggests that the current config-
uration of the ‘Copy and Paste’ function may undermine even those learners who are familiar with appropri-
ate interaction strategies. The study also indicates that designing interfaces in such a way that the interaction
strategy emerges as a consequence of the use of an interface is a powerful way to induce learners to interact
with content in an appropriate manner.

It can be argued that similar results to those described in this study could be obtained by enforcing an
appropriate note-taking strategy by other means. One method of achieving this would be through increased
guidance and supervision by teaching staff, however this approach has obvious limitations for learners who
are working independently and for adult learners. An alternate method would be through the provision of
a more guided form of instruction, for example a worksheet that guided the learners through the note-taking
process. An example of this approach can be seen in Gordon (1999) where genre templates were provided in
the Exploring the Nardoo package that learners could copy into their notes to assist in structuring their writing
into the appropriate text types. However, in terms of distributed cognition both these solutions are just dif-
ferent forms of mediating artefacts, one social in origin and the other physical, and the discussion then
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revolves around which method is most effective; ‘instruction/supervision’, ‘worksheet’ or ‘embedding’ in the
interface. This study indicates that ‘embedding’ was highly effective in this case. In addition it can be argued,
based on the results obtained in this study, that in its current form the ‘Copy and Paste’ function would tend
to undermine measures such as ‘instruction/supervision’ and the ‘worksheet’ approach due to the configura-
tion of its affordances and constraints.

The data presented here can only argue for the effect of use of the redesigned tool on learner construction of
knowledge, not for the effectiveness of the mechanisms used to develop the redesign. However, the overwhelm-
ing positive result for learners using the redesigned ‘Copy and Paste’ function supports the use of both distrib-
uted cognition theory and analysis of mediating artefacts in the redesign process and we contend that this
technique has the potential to assist in the design of effective interactions in other aspects of computer med-
iated learning environments.

Areas of further research arising from this study relate to three areas:

(1) Alternative interaction strategies that may be embedded into the ‘Copy and Paste’ function.
(2) Other aspects of computer mediated learning environments, besides the ‘Copy and Paste’ function, that

may be examined from a distributed cognition perspective, and
(3) Examining the application of distributed cognition theory to education and learning.

A discussion of alternative interaction strategies that could be designed into the interface of the ‘Copy and
Paste’ function would be beneficial. The aim would be to make the availability and nature of these interaction
strategies explicit. The true power of this approach may be seen when the learner can make a choice of the
most appropriate interaction strategy for their particular task when employing the ‘Copy and Paste’ function.
The current study has focused on the ‘Copy and Paste’ function in computer mediated learning environments
as an interaction that can be examined and redesigned using distributed cognition theory. There are a variety
of common interactions, such as the use of annotations and simulations, which could be examined as part of
further research in this area. Examination of common interactions from the distributed cognition perspective
could lead to a fundamental reorganisation of many interactions. Distributed cognition has been applied to a
wide range of contexts but rarely to instructional technologies, computer mediated learning environments and
educational settings. The form and functioning of education and the classroom has been dominated and
shaped to date by conceptions of the mind in isolation. A conception of the mind in context, enmeshed in
the affordances and constraints of the environment, may have profound implications for the fundamental nat-
ure of learning, instructional technologies and instructional contexts.

The application of distributed cognition to educational contexts is potentially a rich area of research that
has the potential to spark major revisions to fundamental principles of learning, classroom practice and assess-
ment. In particular an examination of the affordances and constraints of mediating artefacts, such as the
‘Copy and Paste’ function, may be a fruitful avenue of research. It is hoped that these ideas can now be exam-
ined and researched in more detail and that, within the theoretical framework used in this analysis, new learn-
ing environments will be developed that implement these types of cognitive tools as mediating artefacts in
distributed cognition systems.
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