








































































































































































































































































































































































































































































Figure 6.9 The transformation from a solid to a liquid, with the 'View Particles' option. 
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The same modal resources as those that are described above are used to display all of 

the 'states of matter' in the CD-ROM, for this reason I will not describe each one here 

further. Some of the specific ensembles of writing, image, colour and movement as 

they are displayed on the screen to realise each states are discussed in the following 

section where the focus is on the students' engagement with the resources of the 

screen. 

The Engagement of the Students with the Resources of the CD-ROM 

The focus in this section is on how the students engaged with the resources of the 

CD-ROM and on the 'gap' between what is designed in the CD-ROM, and the 

students' reading of these resources and their design. The students' use of the CD­

ROM is organised in two different ways in the lesson. In the first part of the lesson 

the students work through the CD-ROM on individual computers, and later in the 

lesson they use an Interactive White board to present and discuss their ideas to the 

class. Initially I focus on the different ways that four of the students engage with the 

resources of the screen and interact with one another when working on separate 

computers. I then go on to discuss the students' engagement with the CD-ROM in a 

whole class presentation using the interactive whiteboard. In both instances I 

comment on how the resources of the screen and their organisation in this lesson 

reshape the role of teacher and students in the science classroom. 

The Students 'Individual' Work with the CD-ROM 

In the first part of the lesson the students work on separate computers to investigate 

'states of matter' and the transformation from a solid to a liquid, a liquid to a gas, a 

gas to a liquid and a liquid to a solid. The teacher mediates the students' engagement 

with the CD-ROM through a worksheet. The worksheet instructs them to observe 

each transformation in the 'Hide Particles' viewing option and to predict what will 

happen when the temperature is raised or lowered. It then instructs them to select the 
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'View Particles' option, to observe the transformations and 'to describe the change by 

describing what happens to the 'particles'. The worksheet guides the students' 

observation, for example, in the change from a solid to a liquid, the worksheet 

includes the following questions: 'how are the 'particles' arranged in the solid? Are 

they completely still?' and 'Once the solid has melted what are you left with? How 

are the 'particles' arranged now? How is this different to their arrangement before?'. 

Despite the relatively closed structure of the material presented on the CD-ROM (the 

CD-ROM is structured into discrete curriculum units and specific aspects within each 

of these units), and the structured worksheet used, the students work with the screen 

in different ways. 

The Resources of Image and Colour on the Screen 

The modal resources of image and colour as they appear on the screen provide the 

students with a construction of the entities 'states of matter' (solid, liquid and gas) 

and the 'View Particles' viewing option presents the entity 'particles' the 

phenomenon to be explored. The 'Hide Particles' viewing option displays these 

entities from the perspective of the 'everyday' world, and the 'View Particles' option 

displays the scientific view of what is not usually visible - the presence and spatial 

arrangement of the 'particles' in 'states of matter'. The visual is presented as 

evidence and presents the criterial aspects of what is to be understood; the work of the 

student is to 'read', that is, to interpret the meaning of these. The task of 'reading' 

these visual signs requires the students to understand what they should attend to and 

to select what elements in the visual representation are 'relevant' and 'important'. 

Analysis of the students' engagement with the visual resources of the CD-ROM as 

they are displayed on the screen shows the teacher that the students are actively 

engaged in this task. It also shows that at some points the visual resources of colour, 

texture and shape stand in conflict with the students' everyday reading of the visual 

and that for some students this tension causes some confusion in their reading and 

construction of the entities. 
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In the case of the transformation from a Solid to a Liquid, for example, the visual 

resources of the screen provide the students with a representation of the arrangement 

of the 'particles' in a solid and a liquid. As the students' comments below show, the 

students' interpretation of the relationship between the 'particles' and the background 

representation of the water leads them, however, to see the 'particles' as being 'a part 

of' a liquid rather than to understanding the 'particles' as an alternative representation 

of a liquid. (The transcripts in this chapter include punctuation to draw attention to 

the hesitation, re-phrasing and reformulation of the students and the teacher, as these 

contribute to their work of constructing the entities in the lesson. A comma is used to 

indicate a short pause, and a full stop is used to indicate a longer pause, and an 

exclamation mark is used to indicate a high volume and pitch of voice.) 

Lucy: You've raised the temperature so the particles form into a 

liquid. The particles now have more space to move freely 

Kylie: So they can move more? 

Lucy: Yeah they can move more freely, 'cos in a solid they're tightly 

compacted, so in a liquid they've got so much more space to 

move, 'cos its all like jelly. 

The student, Lucy, sees the 'particles', as 'held in the water' like jelly rather than 

representing the water itself. This student's reading does not distinguish between the 

visual resources of background or foreground (overlay) and as a result her 

construction of the entity 'particle' is of something that 'exists within' a liquid, a 

solid or a gas rather than the thing that constitutes it. 

The visual representation of the transformation from 'a gas to a liquid' in the 'View 

Particles' option raises the question of what is to be attended to for several of the 

students that I observed working with the CD-ROM. The representation shows gas 

'Particles' 'coming off' of a saucepan of boiling water (in which the 'particles' are 

not shown); these 'particles' collect on the underside of the saucepan lid and form 
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into clusters (drops of water) and fall back into the pan of boiling water. The 

'particles' are not shown in the boiling water; that is shown as having 'bubbles' in it. 

Several students made comments like the following one that a student, Kylie, wrote 

on her worksheet: 

I have decreased the temperature and the particles go up singularly but 
come down in clusters. 

This observation focuses on the number of 'particles' and directionality; while the 

observation is accurate, the student's comment highlights a difference to the point at 

hand, that is, that the single 'particle' represents 'a gas' and that the 'clusters' 

represent a liquid. That is the word 'particle' is used to signify 'molecule' in a gas 

and 'droplet' in water. The representation serves to foreground the transformation 

that is to be attended to - the transformation from a gas to a liquid. The 

transformation of a liquid to a gas is represented by the use of a bubble texture which 

'stands for' 'a kind of particle'. This representation of 'Particle' is problematic as in 

the attempt to foreground the transformation of a gas to a liquid the representation 

visually separates the gas 'particles' from the boiling water. As a result some students 

'read' the particle rising from the water as 'steam coming up through the water' 

reading the particle and the bubble texture of the water as visually separate entities. 

This separation serves to construct gas and liquid 'particles' as different kinds of 

'particles', rather than as different arrangements of 'particles': as such the move from 

a specific representation of a 'liquid' to a generalised one of 'states of matter' and 

'transformation' is difficult for these students to realise. 

Within the CD-ROM it is the visual representation of the transformation from a liquid 

to a solid that appeared to be most problematic for some of the students to 'read' and 

to make sense of. The difficulty these students found in 'reading' this image is, I want 

to suggest, a consequence of the designers' of the CD-RaM's use of the modal 

resources of colour, texture and shape, clashing with the students' principles for 
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understanding these resources. In one instance, two students (Lucy and Kylie) are 

each working at their own computer, and talking about what is displayed on screen; 

they select the 'liquid to gas' key. One student is working in the 'Hide Particles' 

viewing option and the other has selected the 'View Particles' option. The opening 

screen (shown in figure 6.10) shows a beaker inside another beaker: the outer one 

contains ice and the inner one contains water. The water is represented in a pale-blue­

white colour with reflective qualities. 

The students are prompted by the worksheet to answer the following question: ' What 

liquid can you see in the picture?' In response to the question, the students do not 

stay with the opening screen but click on the temperature setting until they reach the 

final image which represents ice, the frozen liquid. The ice is represented in a darker­

blue than is the water with a flat texture and without the reflective qualities of the first 

image. In addition to the change in colour, the change from a liquid to a solid is 

represented by a change in shape. As the liquid freezes, the shape is shown as 

changing from the 'shape of the beaker' to a semi-circular shape representing the 

gradual freezing of a part of the liquid and then, as all the liquid has become frozen, 

filling the shape of the beaker. A change in shape, from what looks, front on, like a 

cube to the 'shape of the beaker' was used to realise the transformation from a solid 

to a liquid. The students read this change in shape as indicating a return to 'its 

original state' . 
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Figure 6.10 The opening screen of the transformation liquid to solid in the 'Hide 

particles' viewing option of the CD-ROM 
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The student, Kylie, who is working in the 'View Particles' option points at the 

representation of the 'particles' in a solid on the screen and says: 

Kylie: Look. They're hardly moving 

She then reads aloud the question on the work sheet (which she has read 

earlier) 

'What liquid can you see in the picture and what could you predict might 

happen if you cool it down?' 

Okay Lucy, what liquid is that? 

Points at the representation of a solid on the screen 

These two students opened the screen but they did not interpret what they saw as a 

liquid. They moved through the screens until they reached what they considered, due 

to colour, texture and shape, to be a visual representation of a liquid, but which is 

actually a representation of a solid. Kylie working with the 'View Particles' option 

comments on the limited movement of the 'particles' on the screen, a movement that 

she identified correctly as the movement of 'particles' in a solid in the earlier 

transformation from a 'solid to a liquid'. In short, the student's reading of the sign 

'liquid' realised through image and colour 'overrides' their reading of the sign 'solid' 

realised in the mode of movement. 

Lucy: It could be ice or it could be water. 

Looks at screen at the representation of a solid in 'Hide Particles' option 
Kylie: That, which looks like water yeah? 

Points at screen again at the representation of a solid in 'View Particles' 

option 

Lucy: 'Cos it looks like two beakers and one's ice and, if you just put a liquid in a 

kind of frozen beaker its obviously goin' to, urn, get cold. 

Points at the beakers on the screen 

Kylie: So, that's water? 
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Points at the beakers on the screen 

Lucy: So, if you cool it down. Yeah it probably is water. 

I think it would, urn, because if you go up to the top temperature its' frozen. 

So that's how it was when I turned it on to this. When you cool it down. So it 

melts. 

Points at the screen [at what she thinks is a representation of solid but is 

actually a liquid}/ points at 'liquid to solid' key 

The students take up the visual sign even though the writing clearly indicates that the 

direction of transformation is from 'a liquid to a solid' and therefore what is on the 

screen, for the students to look at, is a solid. 

The move from the representation of a liquid as a light pale blue to a solid 

represented as a heavier, stronger blue indicates the designer's principle of the use of 

colour as a marker of 'density', 'compactness' or 'lack of movement'. Through the 

semiotic resources of the saturation of colour the solid is represented as a 'condensed' 

version of the liquid. However, the students read it as an everyday sign of cold and 

warm and in doing so they associate the pale colour of the liquid with the pale 

translucence of ice and more generally 'coldness'. Using the same principles the 

students read the darker blue used to represent the ice as being 'like water' and more 

generally as 'heat' or 'warmness', as being 'warmer'. The more intense saturation of 

the colour, where 'intense' seems to be the feature that the students have focused on, 

is interpreted as 'energy' and 'warmth'. 

The difficulty that some of the students experience in interpreting the representation 

of the transformation from a liquid to a solid is rooted in their difficulty in reading all 

of the modes as meaningful. The students have to resolve a contradiction, and do so 

by use of their 'everyday' principles. In their reading of the multimodal signs of the 

screen the students rely on colour and the mode of image more than on the modes of 

writing and movement to making sense of what is displayed on the screen. This can 
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be understood as a result of the students' trust of the colour and image and their 

positioning of these two modes as empirical evidence within the CD-ROM. The 

students consider change in colour as a criterial aspect of the transformation. Year 

seven students are at an early stage of their induction into the realism of school 

science. Perhaps as a result, the students are faced with the challenge of 'reading' 

and untangling the tensions between the everyday and the scientific representations 

that the CD-ROM offers them. I want to suggest that some of the students were 

therefore more inclined to make sense of certain aspects of the representations that 

they were offered via image and colour from the perspective of their knowledge and 

experience of the everyday world. Even when the students were able to read the 

transformation multimodally, as intended by the designers of the CD-ROM, as a 

change from a liquid to a solid, they commented on the change in colour, writing for 

example 'I can see the colour change'. 

The Resources of Movement on Screen 

The modal resources of movement are central to how the curriculum entities 'states of 

matter', 'solid', 'liquid', 'gas' and 'particles' are constructed in the 'View Particles' 

option of the CD-ROM. Within the modal resource of movement, the features of 

speed, fixedness and freedom (of movement) and direction are used to represent these 

entities. Although the modal resources of movement are central to the design of the 

CD-ROM and the representation of the entities, these resources were not central to all 

of the students' engagement with the CD-ROM (their interpretation of it) or their 

construction of the entities. The main function of movement in the students 'reading' 

of the CD-ROM is to signify change and to draw attention to the specific 

arrangements of 'particles' in the different states and the need to attend to the process 

of transformation from one state to another. In this way the resources of movement 

link one 'state' to another and in doing so this offers a new potential to generalise the 

entity 'particles' beyond a specific state of matter. In the move from the 'Hide 

Particles' viewing option to the 'View Particles' viewing option the modal resources 

of movement represent both the empirical phenomena, such as the movement of 
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water boiling in a beaker and the 'motivating force' that produces this movement, that 

is the movement of the 'particles'. 

The students interpreted the resources of movement in the 'Hide Particles' view as a 

sign of change and transformation. In the 'View Particles' option the students read 

the resources of movement more literally: they describe the movement of the 

'particles' quite literally, without interpreting it as a sign - that is they describe the 

signifier without being able to link it with what it is that it signifies. In the case of the 

transformation of a gas to a liquid, for instance, several students describe the 

'particles' as 'moving up' or 'coming down' and describe the change in speed and 

direction of the 'particles'. However, they did not link these signifiers of movement 

to the transformation of a gas to a liquid. Their ability to 'read' the signs of 

movement is restricted by their understanding of the theoretical entities that the signs 

relate to. The students appear to read the resources of movement in relation to the 

specific 'states of matter' - that is to identify the movement of 'particles' in a solid, a 

liquid or a gas, rather than to read them as signs of a process. 

Although the students comment on the movement of the 'particles' in the 

investigations that they observe on the CD-ROM the terminology that they use varies 

considerably. I want to suggest that their comments can be read as a sign of their 

ability to interpret the movement as scientifically meaningful. For instance, one of the 

students, Lucy, considered to be particularly good at science described the movement 

of the 'particles' in 'scientific- technical' terms such as 'moving freely', 'restricted 

movement', 'move faster' and 'move slower'. Another student, Kylie, used terms 

such as 'come out quick', 'move just a bit (not even an inch)', 'move much more than 

before', 'move a bit not much', and 'the particles hardly move a bit'. I want to 

suggest that the students' ability to 'strip away' the everyday to reveal what is 

criterial to school science is at play in their potential to interpret the movement of the 

'particles' as meaningful. Although both of these kinds of working might be thought 

of as being 'theoretically the same' the theoretical and epistemological force that 
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motivate the use of the signs 'restricted' and 'free' versus 'move a bit not much' are 

different. The former is motivated by the epistemology of science and the later by the 

epistemology of the everyday. In other words the student's interpretation and 

description of the movement of the particles can be understood as a sign of their 

epistemological position to the phenomenon 'states of matter'. 

The Written Resources on the Screen 

The students' engagement with resources of the CD-ROM suggests that they do not 

interpret the events within the screen via the written labels on the 'frame'. For 

instance, when working with the transformation from a liquid to a solid the writing on 

the 'frame' of the screen clearly indicates what it is that they are observing in the 

screen within the screen and yet their interpretation of this is not informed by the 

written label. They rely solely on the two visual modes of image and colour to 'read' 

the transformation. In short, the students do not 'take up' the information that the 

scientific 'frame' of the CD-ROM offers them. This is, I argue, an instance where the 

conceptual 'gap' between the different modal representations on the 'frame' and the 

'screen within the screen'. I argue that it is also an example of the dominance of the 

visual mode on the 'screen within the screen' and a de-centring of the role of written 

language on framing the screen. (Of course some students may not read these two 

elements in the way that they are designed to be read, that is together as a multi modal 

text.) 

The Display of 'Hide Particles' or 'View Particles' in the 'Screen within a 

Screen' 

The potential to either hide or view the 'particles' in each of the multimodal 

representations of the states and the changes to states demands the students select and 

move between different epistemological views of the phenomena. For instance, 

selecting the 'View Particles' option means that the representation shifts from a 

specific common sense representation of a solid, that is, ice, to a theoretically 

informed multi modal representation of the state 'solid' - as 'particles' moving around 
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a fixed point and tightly packed together. The focus of what to attend to is changed 

with the potential to observe the usually unobservable behaviour of 'particles'. In the 

'Hide Particles' view a change in state is reflected in a visual change of shape and 

texture, and movement. The question of what motivates the change of shape is 

answered at a general external level; that is the change is represented as being 

motivated by heating or cooling. (Although this too is represented as needing an 

'external cause', hence the tripod.) In the 'View Particles' viewing option the 

representation of what motivates change is now seen as an 'internal' matter, a change 

of the particle arrangement and movement. The focus of what the students are 

required to attend to has changed. The 'View Particles' viewing option offers a 

theoretical explanation visually: a different view of the phenomena displayed. 

Some of the students engaged with the entities 'states of matter' and 'particles' as 

instructed by the worksheets, first working in the 'Hide Particles' viewing option and 

then in 'View Particles' option. For example, one student Jemima observed the ice 

melt in the 'Hide Particles' viewing option and when viewing the liquid on the screen 

she switched to the 'View Particles' option, and, using the temperature settings, she 

observed the liquid change back to a solid in the form of an ice cube. By moving 

between these two epistemological views she moved from the specific to the general 

view of 'states of matter' - from the representation of 'common sense' to the 

representation of 'school science' theory of 'particles' and 'states of matter'. 

The choice of viewing position was taken up differently by three students whom I 

observed working together in the lesson. One, Lucy, worked primarily in the 'Hide 

Particles' viewing option, and the other two, Kylie and Connie, worked primarily in 

the 'View Particles' viewing option. Although these students were working on 

separate computers they observed the displays on screens across all three computers. 

The students' different choice of viewing positions (viewing positions that might in 

any case conform more with their own position epistemologically) informs their 
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exploration and construction of the entities 'liquid' and 'gas' and 'particles', as this 

example of their engagement with the transformation from a liquid to a gas shows. 

Lucy: So, what do you think will happen when we heat up the water? 

Watching the screen as water boils in the 'Hide Particles' option 
Connie: Shakes her head and shrugs her shoulders 

Kylie: Looks at the screen with the 'View Particles' option - temperature setting on 
low 

Lucy: So it says 'what can you see in the picture'? Water. 

Kylie Looks at the screen as the water boils with the 'View Particles' option 
Kylie: Look! Look! 

Lucy: Oh my God! Yeah go liquid! 

Kylie: Go liquid to gas! 

Lucy: Argh! 

Connie: looking at her own screen, temp not as high as L's 

Why are they floating away? 

Lucy: 'Cos they are gas so they've got to be in the air. We breath in particles of dust 

Look its starting to boil 

Watching the screen as water boils with the 'Hide Particles' option 
Kylie: I need some help. I've got it yeah, but I don't know what I've done to make it 

that way. 

Lucy: That looks like water don't it? 

Kylie: Yeah 

Lucy: So. What will you predict when it heats up? 

What happens when you heat water up in a saucepan? 

Kylie: It goes hot. 

Lucy: Whatdoesitdo? 

Kylie: You mean it boils? 

Lucy: Yeah. I predict it will boil. 

Looks at her screen in 'Hide Particles' option the water has evaporated 
Argh my water's gone! 
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Remaining in the 'Hide 'Particles' view she selects the starting temperature 

setting and begins to raise temperature until the water evaporates 

Switches to 'View Particles' but does not raise the temperature setting 

Write her answers on the worksheet 

Kylie: You know number four, yeah. I've writ' 'they're still on each other but they 

move a bit, not too much'. 

Watching the liquid in the 'View Particles' option 

The students' choice of viewing option on the CD-ROM can be understood as a sign 

both of which aspects they are attending to in the phenomena 'states of matter', and 

how they position themselves in relation to the production of knowledge in the 

science classroom. Lucy stays primarily in the 'Hide Particles' viewing option and 

does not explore the transformation in the 'View Particles' option she is observing 

the everyday for evidence. She stays at the level of 'guess' or 'hypothesis' and 

answers the questions posed by the teacher without engaging fully with the scientific 

representation. Yet she occupies an expert/teacher role (she both takes this role and is 

'presented' with it by the other students). In contrast, the two other students, Kylie 

and Connie only view the transformation from a liquid to a gas in the 'View 

Particles' viewing option. Their 'predictions' are a matter of interpreting what they 

can see, and matching this with the teacher's questions on the worksheet. 'Prediction' 

for them, is a matter of record. Another student, Jemima who moves from the 'Hide 

Particles' view to the 'View Particles' option is involved in a different process, she is 

involved in prediction, observation and explanation. 

The students' choice of 'point of view' serves to position them differently to the 

entities and more generally to the learning of science. The student, Lucy, who works 

with the 'Hide Particles' option focused her observations on the empirical 

representation of the surface appearance of the phenomena and the task of predicting 

what will happen. This choice positions her as being able to imagine the 'particles' -

having a given knowledge of the scientific theory that underpins the explanation of 
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what she observes. The students who work with the 'View Particles' option are 

engaged with the scientific explanation of the phenomena. Their task is to relate the 

visualised particle theory to her everyday experience and knowledge - her work is a 

matter of interpretation of the explanation that she is presented with rather than one of 

prediction. The different viewing positions offered by the CD-ROM bring forth 

different discourses of what is being represented: the former is in terms of, for 

example, 'water boiling', while the latter is in terms of the arrangement and 

behaviour of 'particles' . 

The Interaction of Modes on Screen 

In reading the different modal resources and in specific ensembles as they appear on 

the screen the students can privilege one mode over another, more specifically they 

privilege image and colour over writing and movement. 

In the case of the transformation from a liquid to a solid, the students that I observed 

'read' the visual representation of a liquid to be a solid even though the writing and 

the movement of the 'particles' indicated it was a Liquid. This incident is interesting 

as it shows how the students engage with the modal representations on the screen 

differently to make sense of the representation. In particular it shows the modes that 

the students privilege or foreground for them as being the most 'reliable' modes in 

their reading of the screen at this moment. The multi modal sequence that the students 

are watching on the 'screen within the screen' is clearly labelled in writing in the 

'frame', however, and through the use of the yellow highlighted key as being 'liquid 

to solid'. The movement of the 'particles' indicates that in the opening screen the 

'particles' are moving more freely and faster than they are in the final screen in which 

the 'particles' move slower 'hardly at all' and are compactly arranged. The direction 

of the line plotted on the graph shows the temperature at the top of the graph as being 

'higher' than the temperature at the bottom of the graph - that is the directionality of 

the graph represents a decrease in temperature. The students' talk demonstrates that 

they understand the temperature is being decreased - that the substance is being 
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cooled. Despite the construction of the state of matter via the resources of writing, 

directionality, and movement on the screen the students cannot read this as a solid 

and I want to argue that this is due to the resources of image, colour and texture. 

The Positioning and Agency of Students 

In the previous sections of this chapter I have discussed how the multi modal 

resources of the CD-ROM as they are displayed on the screen shape the curriculum 

entities within the lesson, that is the realisation of the 'ideational' 'meta-function' 

(outlined in chapters Two and Three). In this section of the chapter I explore how the 

resources that are displayed on the computer screen serve to create particular relations 

between the students and the world of science presented and framed by the CD-ROM, 

in other words the 'interpersonal' 'meta-function' (outlined in chapters Two and 

Three). 

The semiotic resources of distance, contact and attitude are used to realise complex 

and subtle relations between the elements represented on screen and the students. 

Through the semiotic resource of distance (e.g. 'close' versus 'distant') the display on 

the screen is made to seem close to the students. The students are visually positioned 

near to the equipment (about one or two feet away) similar to the distance that they 

would be if they were conducting an investigation in the classroom. Attitude, the 

horizontal or vertical visual angle used to represent an element in an image, is a 

visual semiotic resource that encodes the position of the viewer. In the case of the 

images on the CD-ROM a frontal horizontal angle is used and visually this creates a 

maximum involvement - the student is directly confronted with what is in the picture. 

Through the use of vertical angle the CD-ROM positions the students as looking very 

slightly down on the elements in the picture, indicating the potential power of the 

students in relation to the investigation. 

The visual representations of 'states of matter' on the screen visually position the 

student as the observer and actor in the investigation. However, in real terms the 

244 



student is an observer of the investigation displayed on screen, and acts on the CD­

ROM, and not on the elements on screen. By selecting the temperature setting, the 

student activates the series of sequences in the multimodal representations displayed 

on the screen. There is an interesting confusion of the agency of the students within 

the CD-ROM in that the graph both visually positions the students as observers and 

as the agents of change. It would have been possible to design the interface to make it 

explicit that the role of the student is to move on the multimodal display; that this is 

not the case suggests that another interest overrides this logic of agency. I want to 

suggest that it is the demands of the curriculum, the need to foreground that the 

changes in state being displayed come about through heating and cooling; and this 

demand has shaped the designed agency of the students. The use of the temperature 

setting draws attention to the 'active agent within the system' - increase and decrease 

in temperature. 

When working with the CD-ROM the students construct their agency in different 

ways. The students' responses to the worksheet questions show that some of the 

students construct themselves as active agents in the investigation by linking their 

actions with the display of the transformations from one state to another while other 

students construct themselves as observers of the investigation. This different 

positioning of agency can be seen in the students' response, for example to the 

following question on the worksheet concerning the change from a liquid to a solid: 

Increase the temperature in the same way you did before. What can 
you see happen to the particles? How do you think this has happened? 
Have you done anything to make this happen? 

One student, Lucy, responded 'Because I have raised the temperature the particles 

form into a liquid and move freely'. Another student, Jemima, commented, 'The 

particles are moving about a lot. Because the ice has melted it isn't a solid so it isn't 

packed tightly the particles. I didn't do anything.' While another student, Kylie, 

wrote, 'I've increased the temputure so they move more. I think this has happened 
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because of the heat. Yes I've done something I had raised the tempture.'. These 

comments can be read as 'signs' of the student's writing themselves 'into' or 'out of' 

the investigation and the extent to which they see what happens on the screen as a 

result of their action or the action of the system. 

Student Roles 

Through their use of the CD-ROM the students take on different roles in relation to 

the production of knowledge. The three students who work 'together' take on 

different roles one, Lucy, takes the role of the 'expert' and the others takes on the role 

of an observer and questioner. For instance in the role of the 'expert' Lucy reads 

aloud and rephrases the questions of the teacher, and the comments of the other 

students - for example, when the student comments that the water will 'get hot' she 

corrects this to 'it boils'. She also checks the other students have understood what 

she has said. The other student consistently calls on this student for explanation and 

guidance, for instance, she says 'I mean I've done ... but I don't understand how I got 

there', and tells her what she is writing on the worksheet. 

The CD-ROM on the Interactive Whiteboard 

In the second part of the lesson the teacher brings the students together as a class to 

discuss 'what they have found out' using the CD-ROM on an interactive white board. 

This part of the lesson involves the students volunteering to present the 

transformations of state of matter displayed on the CD-ROM to the class. The first 

four students whom the teacher selects present the 'states of matter' in the 'Hide 

Particles' viewing option and the second four students present the 'states of matter' in 

the 'View Particles' option. The teacher's separation of the 'Hide Particles' and the 

'View Particles' options in this way first enables a 'problem space' to be defined and 

then a theoretical answer to this problem to be established. 

In this section I describe the two presentations of the transformation from a gas to a 

liquid. I have selected this particular instance as it is typical of the multi modal 
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realisation of the other 'states of matter' on the CD-ROM and it is the most complex 

example as it involves a 'double' transformation - from a liquid to a gas and from a 

gas to a liquid. This complexity raises interesting issues for the multi modal shaping 

of knowledge in the applications of new technology. By attending to the teacher­

student interaction with the 'Hide Particles' and the 'View Particles' options I draw 

attention to the different functions of the two epistemological views of the 

phenomena. 

Creating the Need for an Explanation: Displaying the Empirical 

The Student who presents the transformation of a gas to a liquid in the 'Hide 

Particles' viewing option stands at the front of the classroom by the interactive 

whiteboard next to the teacher who sits on a desk. The 'gas to liquid' key is selected 

and the screen shows a saucepan containing boiling water placed on top of a tripod 

with a Bunsen burner underneath it (shown in figure 6. 11). 

In the episode described below the teacher and students work with the resources of 

the screen to establish the 'empirical reality' of the screen, to identify the phenomena 

to be explained - the 'problem space' and to create the need for an explanation. 

Setting up the Investigation as 'Empirically Real' 

The teacher starts by asking the student, Kate, to describe the elements on the 'Gas to 

Liquid' screen with the 'Hide Particles' viewing option. 

Display on Screen: Gas to Liquid Screen with the 'Hide Particles' viewing option (as 

in figure 6.11) 

Teacher: What am I doing here? 

Points at the boiling water on the screen 

Kate: Boiling water. 

Teacher: 

Kate: 

Boiling water. Okay how am I doing that? 

You put it in a 
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Teacher: 

Kate: 

Teacher: 

Kate: 

Teacher: 

What do you do at home? 

Put it in a pot 

So I put it in a l2Q1. and what am I doing down the bottom there? 

Points at the saucepan! points at Bunsen burner 

And then you lit a Bunsen burner under it. 

Great. You put a Bunsen burner under it. 

The sequence of the teacher's questions and his gestures with the screen serve to 

foreground the action of heating the water and to provide a realism of the events 

displayed. 

Through their talk, gaze and gesture with the screen the student and teacher present 

the visual elements on the screen as a product of the teacher's action (or, I would 

argue more generally, the product of the 'users' action). For instance, the teacher's 

questions 'what am I doing now', and 'how am I doing that?' position him as an 

active agent in the investigation and the screen as a window onto his actions. In 

response the student offers a description of the teacher's imagined action in setting up 

the investigation that produces a procedural inventory of his actions. The description 

of the imagined process of the teacher setting up the investigation presents the display 

on the screen as an empirical reality akin to the science classroom laboratory. It 

introduces echoes of the traditions of the science classroom where students might set 

up and conduct such an investigation. The interaction of teacher and student with the 

screen serves to connect the screen with the classroom of the past. The connection 

that the teacher and student talk into existence between the screen and the classroom 

(present and past) is also established visually by the elements and realism of the 

screen. This connection glosses over - or put more strongly 'denies' - the reshaping of 

the student's agency that takes place in the move from page to screen. 
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Figure 6.11 The transformation of a gas to a liquid in the 'Hide Particles' viewing option 

Figure 6.12 The transformation of a gas to a liquid in the 'View Particles' viewing option 
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Identifying the Phenomena and the Need for an Explanation 

Having established the empirical 'reality' of the investigation, the teacher works with 

the students to construct the 'problem space' or phenomena to be explained - the 

transformation from a gas to a liquid. In short the teacher works to establish the need 

for an explanation. 

Display on Screen: Gas to Liquid Screen with the 'Hide Particles' viewing option (as 

in figure 6.11) 

Teacher: Yep and what's happening to my water now at the moment? 

Points at water 

Kate: Its boiling 

Teacher: 

Kate: 

Teacher: 

Kate: 

Teacher: 

Kate: 

Teacher: 

S2: 

[Looking at the screen] 

its boiling excellent. What am I seeing happen at the top? Where my 

lid is? 

Teacher points at the saucepan lid 

Water's dropping 

Looking at the screen 

Water's dropping down. 

Okay. Any ideas why that's happening? 

Looks at teacher, looks at the screen and shrugs her shoulders 

What do you think's happening there? Why is my water turning into f! 

liquid there? 

Points at the water in the pan! points at water on the saucepan lid 

Go on, what's that word you used just now? 

Condensation 

Condensation. Why do you reckon we're getting condensation? Any 

ideas? There's a question for Miss Power [the student]. 

Because the steam from the Bunsen burner. From the boiling is, 

making, is coming through the water, and so the steam from 
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Teacher: 

underneath it is condensation from going through the water, and its 

making it bubble and coming out the top. 

Okay. Right good you've described for me certainly what I've got 

here. I've got my water boiling here, my steam's coming up and 

hitting my lid at the top 

Points water in pan! raises finger from water to lid / holds finger under lid 

S3: 

Teacher: 

diagram? 

Is it also condensation as when something outside is cold and 

something inside is hot and the coldness and the hotness make. 

Okay. If we look at my diagram where's the hottest part of my 

Kate: Points at Bunsen burner 

Students: 

Teacher: 

The bottom 

Well done. Look at where my liquid is dropping down from up on the 

lid, is that going to be cooler, the same temperature or hotter than my 

Bunsen burner? 

Points to area of the screen with liquid! points at the Bunsen burner 

Students: Cooler 

Teacher: 

Students: 

Teacher: 

Cooler. Why is it cooler? 

'Cos its further away from the heat 

Yeah. Well done. 

The teacher continues to construct the experiment as something that he has set up 

through his choice of language ("my water", "my lid", and so on). The construction 

of the problem space, the question of how and why the water gets from the saucepan 

to the lid is depicted visually on the screen. Working with the screen the teacher and 

student draw attention to the water 'dropping down'. The teacher clarifies the 

phenomenon to be explained, against the backdrop of the continuous display of the 

water dripping from the saucepan lid on the screen. The teacher creates the need for 

an explanation: the question shifts from 'what is happening?' and to the question 

251 



'why is it happening?'. At this point the task of the students shifts from 'observation' 

of the screen to predicting and theorising what is happening. 

In asking the students to explain what is happening on the screen the teacher's use of 

language distinguishes between the 'water' in the pan and the liquid on the lid of the 

pan. The teacher's use of everyday and scientific terms to describe a liquid serves to 

mark what it is that the students are being asked to explain and attend to in this 

instance - that is, the liquid on the lid of the pan. The scientific word 'liquid' is 

connected semantically with the word 'particles' in a way that the everyday term 

'water' is not. The semantic distinction between 'water' and 'liquid' indicates the 

specific but everyday character of the water in the saucepan in contrast to the 

generalised character and 'scientific potential' of the 'liquid' on the lid of the pan. 

The multimodal sequence displayed on the screen, together with the talk of the 

teacher, enables the students to theorise that something is happening that cannot be 

seen. At this stage the students draw on their everyday knowledge of boiling water in 

the home to understand that the unseen entity is steam and that the process that they 

are observing is condensation. In the 'Hide Particles' viewing option the gas 

'particles' are not visible and they therefore need to be talked into existence - a 

narrative overlay is needed to explain the representation of the empirical phenomena 

that is displayed on the screen. 

A student offers such a narrative in her explanation of condensation. In explaining 

condensation the student speaks of the water and the steam as unconnected entities, 

she does not link one to the other as in a process of transformation. She suggests that 

the steam 'comes up' through the water - that the steam exists separately in the water, 

that it is what makes the water 'bubble' and that the steam comes out of the top of the 

water. The student's spoken representation of the relationship between the gas 

'particles' and the water is an accurate re-presentation of the visual representation of 

the transformation from gas to liquid that is shown in the 'View Particles' viewing 
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option. (She would have seen the 'View Particles' version of the transformation of a 

gas to a liquid in the first part of the lesson - the representation shows the water 

bubbling and the 'particles' leaving the 'top' of the water to collect on the saucepan 

lid (see figure 6.12).) The teacher rephrases the student's explanation and in doing so 

he 'strips away' her confusion and ambiguity and he brings into existence the unseen 

gas 'particles' through his gesture (he raises his finger as a particle from water to the 

saucepan lid). Alongside his gesture and talk the teacher uses the image displayed on 

the screen to introduce the concept of heating and cooling to explain the 

transformation that is shown. Through his use of gesture with the screen, through 

talk and image he establishes an empirical frame into which particle theory can be 

introduced in the next part of the discussion. 

Through the 'Hide Particles' viewing option the teacher establishes the connection of 

(school) science with the 'everyday' empirical world, and the potential of science to 

address the questions and problems that people identify through their engagement 

with the everyday world. The limited explanatory power of observing the everyday 

world is made clear and the need to think beyond what can be seen is established. In 

his push to move the students beyond their observations of the everyday the teacher 

'ignores', he does not pick up on, one student's example of the everyday ("It is also 

condensation as when something outside is cold and something inside is hot and the 

coldness and the hotness make.").The need for explanations to 'look deeper' is 

realised in the move to the 'View Particles' viewing option. 

Scientific Explanation of Phenomena 

In the next stage of the discussion the teacher switches the viewing option to 'View 

Particles' and asks the students to describe and explain the transformation from a gas 

to a liquid. 

The teacher's spoken distinction between 'water' in the pan and 'liquid' on the lid of 

the pan when working in the 'Hide Particles' option is visually realised in the 'View 
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Particles' representation of the transformation of gas to liquid. The water in the pan 

is realised as an 'everyday' representation of water bubbling in a pan. In contrast the 

water that has condensed on the lid of the pan is represented as 'particles' moving 

against a pale-blue background - that is, only the water labelled 'liquid' is realised 

visually as 'particles'. In this way the visual display on the screen draws attention to 

(visually foregrounds) the specific transformation that is to be attended to, that is the 

change from a gas to a liquid rather than the change from a liquid to a gas. 

The focus in this sequence of the CD-ROM on only one of the two transformations 

actually being shown demands that the students imagine the movement and the 

arrangement of the 'particles' in the water and the transformation from a liquid to a 

gas. 

Making Visual Links and Patterns 

The teacher starts the episode by drawing attention to what is not visually present on 

the screen - the 'particles' in the boiling water. Using the resources of the CD-ROM 

he works to 'compensate for' the limitations of the CD-ROM in showing the process 

of transformation from a liquid to a gas and from a gas to a liquid. He does this by 

moving between the representation of 'a liquid to a gas' and 'a gas to a liquid' and in 

doing so he visually links (making a visual comparison) between the two screens. 

Teacher selects the Gas to Liquid screen with the 'View Particles' viewing option 

Teacher: Now Margaret's got a tough job here because I can't really see my 

'particles' down here 

Points at the water in the saucepan 

But if I know that I've got a liquid boiling. 

Teacher selects the Liquid to Gas screen with the 'View Particles' viewing option 

I know if I go back to my original one. 
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The Teacher increases the temperature by clicking on the temperature setting [the 

representation shows the water begin to boil and the 'particles' begin to leave the 

liquid] 

My particles are quite busy; they're moving quite a lot and they've got 

quite a bit of space. 

Teacher selects the Gas to Liquid screen with the 'View Particles' viewing option 

So, we've got to presume that's happening there. 

Points at the boiling water in the sauce pan 

By moving between these two sequences within the CD-ROM the teacher offers the 

students a multimodally realised theoretical filter with which to view the boiling 

water shown in the transformation of a gas to a liquid. He offers the students a tool to 

imagine with. He also generalises the 'particles' beyond a specific transformation -

that is by moving from one sequence to another he visually makes the point that the 

'particles' are 'the same' regardless of the state of matter, rather it is their 

arrangement and movement that changes. He introduces the potential to move 

between the screens as a resource for thinking, and to generate and check 

explanations. The facilities of the CD-ROM enable the teacher to highlight the role of 

observation to create and to reveal patterns of behaviour within (school) science. 

Finally, by making the 'particles' in the boiling water 'temporarily' present in this 

way the teacher is able to 'correct' the disconnection between the water and the steam 

expressed by the student in her earlier explanation of condensation. 

Explanation of Phenomena 

The teacher, having established a fuller view of both of the transformations of 'states 

of matter' that are represented on the screen, asks the students to describe and to 

explain what she can see. 

Display on screen is the Gas to Liquid screen with the 'View Particles' viewing 

option 

T: Talk to us Margaret. What's happening here? What can you notice? 
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Margaret: 

Teacher: 

Points at the water in pan and moves finger up towards the lid 

Urn. The water's bubbling 

Okay. The water's bubbling. What can you see coming out of the, out 

of the urn, saucepan here? 

Points at space above the water/ makes hand flat and moves it across the 

sUiface of the water and then up wards 

Margaret: Urn, particles are coming up and falling back in. 

Teacher: Okay. Particles are coming up and falling back in. 

Points upwards/points downwards 

But what we said before was, that the reason why they were falling 

back in was because it was colder up here. 

Points pan lid and then downwards/Points at pan lid 

Okay. So if we look at the particles up here what. urn. If we look at the 

arrangement of the particles could we predict this to be a solid, a liquid 

or a gas? 

If you look at how the particles are arranged up here? 

Points at the particles on the lid and repeatedly runs his finger across them 

and back again 

Students: A gas 

Teacher: 

Students: 

Teacher: 

S2: 

Teacher: 

S3: 

Teacher: 

S3: 

Now, how are gas particles arranged? Are they really spread out, or 

are they kinda close together, or really close together? 

Really spread out 

So are they really spread out here? 

Points at the particles on pan lid and circles them 

I think it's a liquid 

Why? Look at the particles 

Points at the particles on the pan lid 

Yeah, I do .Condensation. 

Goon 

Condensation is a liquid, 'cos then there's water. 
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Teacher: 

S4: 

Teacher: 

S5: 

Teacher: 

liquid? 

How do you know that by the particles? 

Points at the particles on the pan lid 

When you lift up the lid there's always water there 

Good yes. 

Or when you have a shower and you get out and you feel the mirror 

Good yes. But how do I know from these particles that I've got a 

Points at the particles on the pan lid 

In the 'Hide Particles' viewing option the teacher focuses the students on observing 

the screen to identify the problem space and to make hypothesises based on their 

everyday knowledge and experience of the world. In the 'View Particles' option the 

teacher shifts the purpose of observation to a matter of a visual explanation of the 

problem space. The teacher positions the visual display on the screen as a matter of 

evidence. The student is faced with the question of what its is that she should attend 

to - what is to be 'noticed'. The student comments on the directionality of the 

'particles' - they go up and 'fall back' down (as they collect and return to a liquid). 

The teacher, however, wants the students to focus on the arrangement of the 

'particles'. His 'hesitancy' and 're-formulation' in describing what can be seen 

(e.g."Okay. The water's bubbling. What can you see coming out of the/ out of the 

urn! saucepan hereT') 'overrides' the confusion expressed earlier by the students 

which served to separate the gas particles from the liquid. By referring to the gas 

particles coming out of the saucepan, rather than the water he bypasses the 

transformation of liquid to gas. 

Through his repeated gestures with the screen the teacher indicates that the students 

should attend to the arrangement of the 'particles' on the saucepan lid. The teacher's 

repeated verbal and gestured demand that the students 'look at the particles' makes 

clear that abstract theorising is no longer adequate: he wants the evidence. The 

screen provides a multimodal realisation of particle theory. The change from the 
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'Hide Particles' viewing option to the 'View Particles' viewing option marks a shift 

in the students' task from one of prediction to evidence, from theory to empirical fact. 

Observation: Patterns and Comparison 

Finally a student, Hilary, offers the teacher the evidence that he wants. 

Hilary: If we go back to the liquid 

Teacher selects the Liquid to Gas screen with the 'View Particles' viewing option 

(shown in figure 6.13) 

We can see that they are moving around in the same kinda way. 

Teacher: Good. They're moving around kinda the same way and they've got 

kinda the same arrangement. 

Teacher selects the Gas to Liquid screen with the 'View Particles' viewing option 

Points at the particles on pan lid and circles them 

If we look they're kinda the same kinda arrangement. Excellent. Well done. 

Circles the particles on the saucepan lid 

The student, Hilary, adopts the style and the discourse of the teacher. The teacher 

facilitates the student positioning herself in this way by following her implicit 

instruction to change the screen image from 'gas to liquid' to 'liquid to gas'. In doing 

so the teacher enables the student to take up the resource of visual comparison and 

movement between the screens in the CD-ROM. The observation is focused here on 

the drawing out of visual interpretations and patterns within the CD-ROM. This is a 

crucial point in the lesson as the comparison between screens enables the student to 

generalise the entity particle from a specific state of matter. The particle is no longer 

'a gas particle' or 'a liquid particle' it is a particle that can be arranged to realise 

different 'states of matter'. The student's comments connect with the visual icon for 

the button 'states of matter' that started the lesson in which the image of 'particles' 

indicates the criterial aspect of 'states of matter'. 
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Figure 6.13 The Liquid to Gas screen with the 'View Particles' viewing option 
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Conclusion 

The resources of the screen and the students' engagement with these in the lesson 

result in a reshaping of the curriculum entity 'states of matter' and a change in the 

cognitive work required of the students. 

Shift in Focus from 'State' to the 'Process of Transformation' 

A central question in this chapter is ' what happens when we shift the focus to the 

process of transformation between states rather than the description of specific 

states?'. The transformation between the 'states of matter' is not, as I mentioned 

earlier, traditionally represented visually in the science classroom. Traditionally this 

aspect of the theory of 'states of matter' has been handled through speech, gesture, 

and so on; here, with the facilities of new technology the theory with a different focus 

is realised through movement. 

The curriculum contents as realised in the traditional classroom are shaped as discreet 

entities / and 'states of matter'. In the move to screen and its potential for movement 

this is reshaped to focus on entity as 'process', so that the focus is on the 

transformation from solid to liquid or from liquid to gas. Nonetheless the ways in 

which these processes of transformation are realised on the screen continues to be 

shaped by the demands of the curriculum as traditionally shaped via the 

representational means then available. In order to adhere to the existing curriculum 

the potentials of new technology made available via the CD-ROM are not fully taken 

up. The visual representation of transformation between 'states of matter' on the 

static page is problematic, in the move to screen these problematic aspects remain. In 

short, the demands of the curriculum remain shaped by the resources of static 

representation even with the availability of the mode of movement. The CD-ROM 

shows the tension between the potentials of the old and the new in the reshaping of 

knowledge. 
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Change in Cognitive Work 

The cognitive work of the students is to observe the empirical phenomenon and the 

scientific representation of them in order to identify patterns and generalisations in 

relation to the issue of 'states of matter'. In the classroom or in relation to the pages 

in the textbooks this work of identifying patterns is usually carried in the talk of the 

teacher and her/his gestures. The still images are presented as canonical 

representations and the written part of the text or the teacher's speech foregrounds, 

'pulls out', the criteria to be attended to, that is, say the spatial arrangements and or 

the movement of the 'particles'. In the science classroom still images are usually 

used, and the focus is on the canonical representation of 'states of matter' (solid, 

liquid and gas). The teacher uses talk, gesture, imaginary demonstration and models 

to provide a narrative of the transformation from one state to another. Through 

gesture and models the teacher brings the 'particles' into existence and communicates 

some of their qualities through these modes. In the case of the CD-ROM image and 

movement are designed to 'fill in' the linguistic terms - the arrangement and 

movement of the 'particles' is shown - it is displayed but it is not explained 

linguistically, and to show the transformation from one state to another. 

The work of the student and teacher is no longer focused on the work of bringing the 

'particles' into existence, but rather the identification of patterns through comparison. 

In the process the students are repositioned in relation to knowledge as the producer 

of the knowledge the criteria for defining 'states of matter', whereas in the traditional 

science classroom the student positioned as a reproducer of knowledge, the learner in 

terms of acquisition of knowledge. 

i The data on traditional science classroom is drawn from the ESRC funded research project 'The 
rhetorics of the science classroom: a multi modal approach' (1997-1999) on which I was the senior 
researcher, directed by Gunther Kress and Jon Ogborn. 
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Part III: 

New Technology, Multimodal Learning, 

Literacy and Design across the 

Curriculum 
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7. New Technology and Learning 

Introduction 

Throughout this thesis I have set out to demonstrate that mode and learning are 

fundamentally connected. The analytical focus of the previous chapters is on the 

semiotic resources and affordances of modes. In this chapter however the focus is 

adjusted to foreground learning. I begin by considering how the thesis contributes to a 

better understanding of the relationship between the multimodal resources of new 

technologies and curriculum knowledge and learning. I open up this discussion more 

generally by returning to the six analytical themes of the thesis, outlined in Chapter 

One and woven throughout its chapters. My intention is not to say something final, to 

'tie up' these thematic threads, rather it is to develop these themes as conceptual tools 

that may be useful for understanding technology-mediated learning. 

The Multimodal Reshaping of Curriculum Knowledge and Practices 

The multimodal analysis of the three instances of technology-mediated learning 

presented in this thesis demonstrates how the representation of curricular knowledge 

is capable of being modally reshaped by new technologies. I have shown that the 

multimodal character of new technologies can offer new potentials for students' 

engagement with the curriculum, potentials that reshape the process of learning, what 

it involves and what it demands of students. Through focusing on the semiotic modes 

offered by new technologies I have shown that curriculum knowledge and learning is 

always shaped by mode and technology in rhetorical ways. I have demonstrated that 

knowledge and learning are a complex outcome of the relationship between the sign 

maker, the social context the sign is made in, and the sign maker's perception of the 

audience. In other words, I have shown that knowledge is shaped by the interests and 

purposes of the designer of an application, the social organisation of the application's 

context of use, such as its curriculum purpose, together with the rules and roles that 

surround and impact on its use, and the interests and purposes that students bring to 
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their engagement with an application. In the following sections I discuss the aim of 

the thesis in relation to my analyses of how the modal affordances of new 

technologies re-mediate the learning of school English, Mathematics, and Science. 

The Reshaping of Curriculum Entities in School English 

In the move from page to screen the CD-ROM of the novel Of Mice and Men 

reshaped the entities 'character' and 'novel'. In the move from page to screen the 

mode of image dominates the representation of the novel as an entity. The visual 

character of writing was foregrounded and used as a resource for indicating the 

relationships between the characters. This serves to equalise all of the characters and 

to connect the characters George and Curly's Wife romantically. This multimodal 

reshaping of character provided a multi modal filter through which the novel can be 

re-read by the students and re-orientates the narrative, 'overlaying' the racism and 

sexism of the novel and transforming the motivating force of the novel. This 

multi modal reshaping of character highlights the novel's theme of loneliness, and 

offers the students other analytical devices (such as metaphor) for its analysis, as well 

as providing them with different modal entry points into the novel as a text. 

The original entity of 'nove1' is repositioned in the 'Novel as CD-ROM' from a 

fictional entity to one that exists in the tension between fact and fiction. The 

hyperlinks between the places mentioned in the novel and a map and historical facts, 

together with the guide's comments on the socio-historical context of the novel and 

Stienbeck's intentions offer the 'reader' of the 'Novel as CD-ROM' alternative 

perspectives and resources for engaging with the narrative. In this way the practices 

of reading a novel for literary study and examination are embedded in and 

transformed through the multi modal resources and structure of the CD-ROM. The 

narrative of the 'Novel as CD-ROM' is re-presented, restructured, repositioned and 

transformed to account for the perceived concerns of a contemporary audience. 

Through the multimodal reshaping of the novel the CD-ROM highlighted characters 

newly and emphasises specific moments above others foregrounded in the original 

264 



novel. One outcome of this is to introduce a ray of hope in the potential of love 

between the characters George and Curly's Wife that subtly disperses the relentless 

misery and prejudice of the original novel. 

The transformation of the entity 'character' and 'novel' is reflected in the function of 

the CD-ROM in the classroom. The focus of the 'Novel as CD-ROM' and the task of 

the students are no longer to come to know themselves through literature or to engage 

with questions of morality or identity. The analysis shows the reshaping of the entity 

'novel' by a shift towards 'reality'. 

The move from page to screen also reshapes the actual characters of the novel. The 

modes of gaze, movement, gesture, body posture and voice quality each contribute in 

specific ways to the re-shaping of the characters of the novel, in particular the 

characters George, Lennie, Crooks and Curly's Wife. For instance, the character 

George is re-presented as rational, stable, in control and adult through the 

representation of his steady gaze, his still body-posture, his lack of movement, his 

slow and soft gesture, and his regular voice tone, pitch and rhythm. In contrast the 

character Lennie is re-presented as emotional, unstable, out of control, dangerous and 

child-like through his fast and forceful gesture, his constantly shifting body-posture, 

unfocused gaze and faltering stutters. At some points the multi modal resources of the 

CD-ROM serve to polarise the two characters, and in other instances they serve to 

connect them. The visual positioning of the viewer through the distance and angle of 

the representation, the editing and composition of the video clips and the images on 

the CD-ROM foreground the designer's empathy for the character George and 

combine to objectify the character Lennie. In this process the character George is 

realised as active and the character Lennie is realised as passive and yet potentially 

dangerous. The multi modal ensemble of the CD-ROM indicates a 'designed support' 

for the actions of George and reveals the stark tensions between the two characters. 
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Alongside this the multi modal representation of the characters Crooks and Curly's 

Wife brings them into the foreground of the novel and increases their 'potential to 

mean'. 

Reshaping the Practices of Students in School English 

The multi modal resources of the CD-ROM provide the students with new resources 

for the engagement and construction of the entities 'character' and 'novel' in the 

English classroom. The multimodal construction of the entity character is dis­

embedded from the narrative of the novel and this enables the students to engage with 

marginal characters in new and profound ways. It offered several young women a 

new potential to engage with the only female character in the book, Curly's Wife, 

through her emotional singing about her life, enabling them to empathise with the 

possible motivation for the character's behaviour. The multimodal 'humanising' of 

the only Black character in the book, Crooks, as an intelligent and oppressed man 

both re-positions him in the narrative and accounts for his marginal status and 

derogatory naming in the original narrative firmly within the context of racism. The 

multi modal construction of these marginal characters provides a multimodal filter for 

the students' re-reading and engagement with the novel. 

The multimodal representation of character in the 'Novel as CD-ROM' enables the 

students to 'enter' the text in a number of ways, through the visual display and 

summaries of events, the multi modal video clips of key moments in the narrative, and 

the musical narrative created via the audio clips. The students could literally 'by­

pass' the novel as a written entity to engage with the novel multi modally as 'film', 

'animation' or 'musical'. This offers the reader the potential for multiple reading 

paths and readings of the entities novel and character. Each of the different texts 

created by the movement of the students through the CD-ROM made different 

aspects of character and novel as well as the different experiences of the novel 

available to the reader. Further the multi modal representation of these entities in the 

'Novel as CD-ROM' enabled the potential for the 'high' literary aesthetic of the 
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novel to be transformed by the students form of 'readings' to 'popular' forms, such 

as film and cartoon. This enabled the students to bring forms of engagement to the 

English classroom that they might be familiar with in their everyday literacy practices 

and as such expanded the notion of school literacy at that moment, even if 

temporaril y. 

The multi modal emphasis on the themes of the novel in the CD-ROM, together with 

the devices of authorial intent and social-historical context revealed in the structure of 

the CD-ROM, offer the students a meta-level entry into the novel and provides them 

with new tools for navigating the text. The structure of the CD-ROM offers new 

potentials for the comparison of characters and the need to think about the entity 

'character' beyond the text, as a complex entity realised through the dynamic social 

interaction of many voices over time. This repositioning of the entity of 'character' 

served as a reflexive tool for its study. 

Crucially, the resources of the CD-ROM offer students the potential to engage with 

the text both as 'imaginative non-fiction' and 'historical fact'. The entity 'character' 

is represented in the CD-ROM in a number of ways including 'character' as realised 

in the novel, stage and film productions of the novel, the realisation of Steinbeck's 

imagination (and life), and the fictional diary account of the harsh reality of the lives 

of 'real' people. This potential to engage with the novel both as fact and as fiction is 

important in light of current debates on gender and literacy which suggests that many 

boys find non-fiction a more accessible route into literacy (Moss, 2001). The CD­

ROM's demand that students shift between the domain of fact and fiction, and the 

merging of the boundaries between the two, demands different kinds of imaginati ve 

work of the 'reader' than do the traditional focus of the novel as fictional literature. 

The Reshaping of Curriculum Entities in School Mathematics 

In the move from page to screen in the use of Toontalk in school Mathematics the 

entities 'rule', and 'bounce' are transformed. I have shown that each of the modes 
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made available by Toontalk, still image, colour, movement, and sound-effect 

contributes to the construction of these entities in specific ways. 

The entity 'rule' is transformed from a conglomerate of the students' everyday 

experience and knowledge to the criterial elements that are significant to the 

mathematical concepts embedded in Toontalk, that is action, condition, and agency. 

In the students' game design on paper the entity 'rule' is formulated as a written 

narrative sequence of events and a visual display of the outcome of the rules of the 

game. Here rule is a fixed entity and condition and action are 'bundled' together. The 

move to the multi modal resources of screen and Toontalk require the notion of rule to 

be re-specified as consisting of separate entities to be attached to particular elements 

in the game. On entering Toontalk the entity rule is embedded in the city level of the 

game and the notion of condition and action are implicit but not defined. As the 

user/player lands the helicopter and he or she nears the potential to construct rules 

they are increasingly positioned through the modes displayed on screen as being in 

control of the objects on screen. The configuration of these resources on screen mark 

the entity 'rule' as something that requires a particular location in order to 'work'. For 

instance, on landing the helicopter on the ground the player character jumps out of it, 

or on instructing the character to kneel the toolbox automatically opens. This link 

between the behaviour of the player, location and movement (action) on screen can 

be read as an emerging 'definition' of the entities 'condition' and 'action'. The game 

environment of the city is a meta-level multimodal representation of the entity 'rule' 

and it suggests that rule building is not a question of being 'right' or 'wrong', but 

something that can be built, deconstructed, rebuilt, played with and amended. Rule is 

reshaped from a relatively fixed entity, to an open, iterative process with multiple 

possibilities. As the user/player moves to the Toontalk behaviour level the entity 

'rule' is represented as consisting of two parts, that is, action and condition. 

However, these elements are not labelled as such and one of the tasks of the 

user/player is to distinguish between these elements of 'rule'. Modes are central to 

this process as they are used to name and classify action and condition: the condition 
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is realised visually and in written mode, and action is realised through the mode of 

movement and/or sound-effect. 

In the move from page to screen the entity 'bounce' is transformed from the 

representation of everyday experiences of the material qualities of an object to the 

behaviour of an object in interaction with other objects. Toontalk overlays the 

material 'reality' of children's everyday experience with other kinds of possibilities: 

bounce can be attributed to any object in Toontalk, a pig or a brick can be as bouncy 

as a super-ball. The modal affordances of animated movement and image require the 

students to move from thinking of bounce as a general kind of quality to a specific 

kind of movement. In doing so, the students are 'forced' to consider units of speed, 

angle and direction, and to consider what and how objects will interact to 'produce' 

the bounce. 

The affordances of writing as a mode do not require the student to define or specify 

bounce or rule in their design on paper in the same way as Toontalk does. 'Bounce' is 

represented as the interaction of elements, realised in the transactional clauses of the 

written narrative and the sequencing of events as a linear narrative. The students 

named the elements of the game, the 'little figure' and the alien, but the affordances 

of writing enabled these elements to remain relatively open. When drawing a picture 

of the game, however, the affordances of still image as a mode demand that the 

students specify the size and shape and features of the game elements and the spatial 

relationships between them. The entity 'bounce' is represented visually in the 

students' drawing through the genre of 'time lapse imagery' but the affordances of 

image do not enable the direction, speed or cause of the movement to be represented. 

The affordances of image and writing on the page constrained the representation of 

the final outcome of the game in which the 'little figure' explodes the 'sound' and 

'effect' of which was represented visually as a wiggling wavy line engulfing the little 

figure. Through the spatial non-linear affordances of image the students represent the 
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game elements as happening simultaneously and in a sense the drawing became a 

display of the combined process and final outcome of the game. Through their use of 

visual and written representation the entity 'bounce' is represented as a general kind 

of movement or quality. 

When the students designed and constructed their game on screen usmg the 

multi modal resources of Toontalk, in particular movement, a different kind of 

epistemological commitment was demanded of them. The move from page to screen 

and the potential for movement reconfigures the temporal dimension of the written 

game narrative and the spatial dimension of the visual depiction of the game. As a 

result the entity bounce is transformed through the representational resources of 

movement in space over time. The character and function of the game elements is 

realised through the use of movement. For example, the little figure attempts to flee, 

its movement constrained to moving right and left, as the alien stands still and 

attempts to shoot it. In short, the mode of movement is a sign of the power of the 

alien, and the weakness of the little figure. The point here is that movement 

demanded that the 'agents' of the events be clearly defined by the students and the 

entity 'bounce' is constructed as the conjunction of agency, movement, speed, and 

angle, which moves the concept of bounce beyond the inherent quality of an object. 

At the level of Toontalk behaviours, 'bounce' is realised multimodally in written 

mode, image, and movement. Behaviours, as I described in Chapter Four, have two 

'states' (sides), the 'action-state' and the 'edit-state'. In the action-state the mode of 

writing lexically names the behaviour, in this case 'bounce', the mode of image 

classifies the kind of movement through iconic signs (a spring) and movement is used 

to display the behaviour itself, the movement of bounce, its direction and speed. The 

edit-state consists of a written explanation of bounce in mathematical terms, the 

Toontalk code for bounce, and the iconic image of the spring. In this way, the bounce 

behaviour offers both an everyday representation of bounce in the 'action-state' and a 

scientific/mathematical representation of bounce in the edit-state. The shift in the 

270 



representation of bounce from the everyday to the scientific in Toontalk is realised in 

the difference between the coding-orientation of the two representations of bounce. 

This is realised through the shift from the bright primary colours and the 'lego-like' 

texture associated with play to the darker colours and flat decontextualised texture 

associated with technical imagery, together with the introduction of mathematical 

symbols and the backgrounding of movement as a mode. The mode of image, the 

image of the spring, mediates these two spaces (image plays a similar mediating role 

in the case in the Steinbeck CD-ROM). These multimodal representations of the 

entity bounce provide the students with the potential for multiple readings and 

simultaneously to hold both everyday and scientific accounts of a phenomenon. 

Reshaping the Practices of Students in School Mathematics 

In the process of designing and building their game the students engaged in a range of 

activity including the construction and deconstruction of rules, hypothesising and 

prediction, and explanation and problem solving. The multi modal resources of the 

Toontalk environment were central in how the students engaged in these practices. 

In building their game the students created different spaces through their gesture and 

gaze with/at the screen itself and through their interaction and organisation of the 

elements displayed on the screen. These different spaces they created through this 

activity drew distinctions between different kinds of practices that the students were 

engaged with, that is game design, game playing, game construction, and the saving 

of games. In their creation and use of these spaces the students set up a creative 

rhythm between their different kinds of activities which served to create a distinction 

between game planning, design and construction, and game playing. The students 

gestured 'on' the screen to produce a plan of the game. Through their use of gesture 

and gaze in this way the students connected their imagined idealised game with the 

resources of Toontalk. The temporary and ephemeral affordance of gesture and gaze 

as modes enabled the plan of the game to remain fluid and ambiguous. The students 

then selected and constructed the game on screen. When working with the resources 
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of screen the students worked visually. Once an aspect of the game had been 

constructed the students played the game and the movement brought to life their 

programming, which often did not work to plan (as I showed in Chapter Four). 

During this play the students were engaged in identifying problems with the game. 

Game playing was invariably followed by a return to the work of re-planning through 

gesture and talk, for reflexive thinking, problem solving and re-planning. In this way 

the process of building rules and the game itself was an iterative one of testing and 

fixing, and drew on the affordances of image and movement. 

The multi modal resources of Toontalk and the screen, in particular movement, 

demand that the students engage with different kinds of imaginative work than do the 

modes of writing and image on the page. The modes of writing and image in the 

paper design did not require the students to think about what produces bounce, 

bounce was seen as a reaction and the students' uncertainty remained unattended to in 

this modal representation of the game. The multi modal ensemble of Toontalk offered 

the students different potentials for action that shaped how they designed their game 

on screen. The students were involved in the selection and ordering of the game 

elements in time and space. Much of this work was visually organised. What was 

visible on the screen proved to be particularly important throughout each stage of the 

game and rule design. When deciding where to attach the bounce behaviour, for 

example, if an element was not visible it was not considered a potential candidate. 

The students appeared to associate visual presence with agency, 'if it couldn't be seen 

it couldn't be acting' seemed to stand behind the programming process. 

Within the Toontalk environment there is no clear reading path or entry point to rule 

making, the user/player has to find her or his own way through the multi-directional 

paths. The multi modal affordances of movement, the movement of elements on the 

screen and the interaction of the user/player with the application and the visual 

'demands' of the environment revealed the 'ways into' Toontalk. The task of the 

user/player is, to some extent, to engage with these elements and to find what is 
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expected and required. Movement is used to construct the entity rule and its potential 

for movement, and is a constant metaphor for the making of rules such as animated 

hammers, robots and other tools populate the screen. 

The modal resources of colour, image, movement and sound effect available in 

Toontalk require the students to re-specify the elements of the game: to fill in the 

concept of the game narrative. The visual design of the game does not only fulfil a 

decorative function, but is a crucial aspect of the game design which brings forth 

particular discourses of game and rule which in turn shape the interaction of the 

students with the screen as a text. In the move from page to screen the students are 

involved in the transduction of knowledge between modes, the representation of 

movement as static image and the representation of sound as visual image. 

The Reshaping of Curriculum Entities in School Science 

Image and movement are central to the learning of school science in the classroom 

and the construction of curriculum entities, the introduction of new technologies and 

the move from the page to the screen, however, reconfigures these modes in ways 

that are significant for the construction of curriculum entities. In the case of the 

construction of the entities 'states of matter' and 'particles' the work of bringing the 

entities into existence in the classroom is transformed. The task of animating the 

arrangement and movement of the particles in each 'state' is traditionally realised by 

the gesture and drawings of the teacher. In the move from page to screen the 

potentials of movement made available by the CD-ROM Multimedia Science School 

realise this aspect of the entity particles, and in doing so the agency of the particles 

and their 'empirical reality' is established. Traditionally, as I have shown in Chapter 

Six, teachers focus on discrete 'states of matter' and the arrangement of 'particles' in 

these states, however, the modal resources of image and gestured 'demonstrations' of 

the movement of particles are limited in the realisation of the transformation from one 

'state of matter' to another. On screen the semiotic resources of image and 

movement are fore grounded and offer the potential to display the changes that occur 
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when a 'state' is heated or cooled; the focus is on the process of transformation 

between one state of matter and another. 

The compositional arrangement of the modes on screen realises the two areas of 

'frame' and 'screen within a screen', each of which shapes the entities of states of 

matter and particles in specific ways. The frame functions to 'name' the 

transformations of states of matter (e.g. liquid to solid) linguistically and to visually 

establish the entity 'particles' as criterial to 'states of matter'. Further the modal 

realisation of the 'frame', the use of image, colour, writing, and visual composition 

serves to literally frame what is to be attended to within the domain of science. The 

modal realisation of the 'screen within a screen' attends to the 'empirical world', 

specific everyday instances of the entity 'states of matter'. At the same time the 

'screen within a screen' is a space which makes available the scientific view of the 

world (when the 'view particles' viewing option is selected). The 'screen within a 

screen' serves to mediate and provide the 'evidence' that 'fills-up' the linguistic 

concepts of the frame. The visual presence of scientific equipment on the screen 

serves to both represent the investigation as 'real' through its association with the 

traditions of the science classroom and to position the students as having the potential 

to actively engage with the display. The availability of these two different 'accounts' 

of the phenomenon 'states of matter', the everyday and the scientific, provides a 

productive tension in which each account 'explains the other', this tension and 

explanation is realised visually and through the modal resources of movement. 

In contrast to the fore grounding of image and movement on the screen, the modal 

resources of writing are backgrounded on the screen. Writing appears only in the 

'frame' area of Multimedia Science School and not in the 'screen within a screen'. 

The role of writing is limited to the naming (labelling) of the entities 'states of 

matter' and the transformation between states (e.g. solid to liquid), that is, on screen 
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writing fullfills a classificatory function and is de-centred in comparison with its 

function on the page. 

The realisation of the entity 'particles', visually and through movement, on screen 

offers the students using the CD-ROM a new set of resources for their construction of 

the entity and their engagement with it. The potential to 'hide' or 'view' the particles 

provides two different views of the phenomenon being investigated in ways that re­

shape the entities and positions the students in relation to the body of knowledge in 

important ways. The 'hide particles' viewing option locates the entity in the 

everyday world of 'what is', while the 'view particles' option relates to a scientific 

view 'beyond (or perhaps beneath) the everyday' and the forces that underpin what is 

seen in the everyday. The resources of image and movement realise a link between 

one state of matter and another, as in each state the particles are represented as 

looking the same and moving slower or faster, and moving in a more free or 

constrained manner. The representation of the entity 'particles' on screen offers the 

potential for students to link the particles between the three 'states of matter' and to 

generalise the entity particle beyond a specific state. That is, the multi modal 

representation of particles enables a move away from conceptualising particles as 

either 'gas particles' or 'liquid particles', a move that marks a curriculum shift from a 

focus on discrete states to transformation between states. 

Reshaping the Practices of Students in School Science 

When working with Multimedia Science School the students are engaged in the work 

of prediction, observation, interpretation, explanation and drawing scientific 

conclusions. The practices that underpin this work are central to the learning of 

school science regardless of the technology used however the practices and the roles 

of students are reshaped and transformed by the resources that the CD-ROM and the 

screen make available to the students. 
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In reading the CD-ROM as a multimodal text displayed on the screen the task of the 

students is to understand what they should attend to as 'relevant' and 'important'. 

Regardless of the technology used, reading is always a matter of the reader selecting 

what she or he sees as being 'relevant'; nonetheless the multi modal resources of the 

CD-ROM and the different perspectives of the phenomena offered by the CD-ROM 

serve to foreground this question and task. 

As I have shown in Chapter Six, the designed relationship (or configuration) of the 

multi modal resources of the screen, in particular the visual resources of colour, 

texture and shape caused some difficulties for students in their interpretation of the 

representation of the entity 'states of matter'. More specifically, the difficulties in 

interpretation that the students experienced using the CD-ROM appeared to be 

located around the ambiguity between everyday and scientific visual representations 

of the states of matter, that is, where the principles of representation stood in contrast 

to the students everyday readings of the visual world. For example, the visual 

representation of the particles in the state of matter of liquid were interpreted not as 

an alternative representation of a liquid, but rather as 'a part of the liquid' in which 

the particles are 'held like in a jelly'. The representation of the transformation from a 

gas to a liquid uses a bubble texture to represent boiling water and a small blue circle 

to represent gas particles. This visual difference led some students to separate the 

entity 'particles' from the state itself and led them to suggest that liquid and gas have 

different kinds of particles rather than to focus on the change in the arrangement and 

movement of the particles across states of matter. 

The students reading of the visual representations in ways other than intended by the 

designers is not, as I have argued throughout this thesis, a matter of their 'inability' to 

interpret the visual, rather it is that they are using different principles than the 

designers to interpret the CD-ROM. In the case of the visual representation of the 

change in states from a liquid to a solid for instance, the students principles for 

interpreting the visual resources of colour, texture, shape and image are based on the 
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empirical reality of their everyday observations and experiences. In contrast, the 

designers' use of these modes appears to be based on the concept of density, 

compactness and inertia. 

In addition to the differing principles of designers and students for reading the 

specific modes, analysis of the students' use of the CD-ROM suggests that designers 

and students bring different strategies and principles to the reading of the modal 

configurations of the screen. The designers of texts such as the CD-ROM 

Multimedia Science School consider the displays on the screen as multi modal 

ensembles. As such, they are likely to see the meaning of the visual modes of colour 

and image as interpreted 'through or in relation to' the written elements on the screen. 

Observation of the students' use of the CD-ROM Multimedia Science School shows 

that some students do not engage with all of the modal resources of the screen in 

order to make sense of the displays in the 'screen within a screen'. In short, some 

students do not read all modes as being meaningful, and in making sense of the 

multi modal texts of the screen they rely more on the visual modes, image and colour, 

than they do on the modes of writing and movement. (Chapters Four and Five suggest 

that the modal preferences of students also contribute to technology-mediated 

learning in school English and Mathematics.) I argue that the students 'trust' the 

empirical evidence of the visual modes more than the other modes and that they draw 

on these visual modes to 'untangle' the ambiguities between the everyday and the 

scientific representations that they are presented with on the screen. 

The students reading of the resources of movement on the screen is as a general 

signifier of 'change'. However, in some instances the students appear to be unable to 

link the resources of movement with a specific meaning or sign in relation to the 

representation of the entity 'states of matter'. The student's ability to interpret the 

meaning of movement is restricted by their understanding of the theoretical entities 

that the signs relate to and more generally their knowledge of the multi modal genres 

of school science. In the move from the 'hide particles' viewing option to the 'view 
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particles' option the resources of movement as they are realised on the screen are 

underpinned by different epistemological positions to knowledge. That is, in the 'hide 

particles' view the resources of movement show 'change' while in the 'view 

particles' option the resources of movement depict the motivating force behind these 

changes. 

As described in the previous section on the reshaping of the entities of school science 

different epistemological positions are embedded in the 'hide' and 'view' particles 

options of the CD-ROM. In selecting and switching between these two views of 

'states of matter' what is 'relevant' or 'significant' to the construction of curriculum 

entities is changed and what the students need to be attended to is altered, alongside 

this the students' position in relation to knowledge is also changed. The students 

chose different viewing options when working with the CD-ROM in the lesson. The 

viewing position that they chose contributed to the shaping of the curriculum entities 

'states of matter' and 'particles' and themselves as learners. Students who worked 

with the 'hide particles' viewing option were involved in the task of observing the 

everyday for evidence of the phenomenon 'states of matter' and hypothesising the 

reasons for the behaviour that they observed. Students who worked in the 'view 

particles' option were engaged in observing the multimodal representation of 

scientific theory of particles and recording the behaviour of particles in each state. 

The students who switched between the two views were involved both in the 

observation of 'the empirical world', prediction and scientific explanation. 

The students' comments on the work sheet and around the screen show that they 

constructed their agency in relation to the CD-ROM 'investigation' in different ways. 

Some students positioned themselves as active in the investigation displayed in the 

'screen within a screen' and others positioned themselves as 'passive' observers of it. 

The students' positioning of themselves can be seen both as a sign of their response 

to the ambiguity of the resources of the screen which displayed the students both as 

active and as observers of the demonstration, and their appropriation of the genre of 
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investigation in school science. Alongside the students' conception of their agency 

the resources of the screen enabled the students to take up different roles in the 

lesson, in particular the role of 'expert' or 'peer-tutor'. When working with the CD­

ROM on the interactive whiteboard the teacher positioned the students as 

'expert/teachers'. He achieved this positioning of the students through his talk 

(calling them 'Miss', asking them to explain the phenomena, posing questions), their 

position (at the front of the class), and their gestures with the screen itself (asking 

them to point out specific elements and so on). 

Finally, the teacher working with the resources of the screen was involved in a range 

of practices with the students that drew them into a range of school scientific 

practices demanded by the National Curriculum. He worked with the visual 

resources of the screen, as described in Chapter Six, to establish the 'empirical 

reality' of the investigation displayed on the screen. In doing so he both reshaped and 

ore-produced' the traditional notion of investigation and positioned himself and the 

students as actively involved in its production. The teacher worked with the 'hide 

particles' option to establish the need for an explanation of the 'everyday' world and 

the need to look beyond what we can ordinarily see in order to understand the 

familiar. He then worked with the multi modal resources of the 'view particles' option 

to encourage the students to offer a scientific explanation of the phenomenon 'states 

of matter' drawing explicitly on the role of comparison and the resources of 

movement. The teacher, through his gesture with the screen and drawing attention to 

the multimodal resources of the screen, made a link between the role of observation, 

prediction and evidence in the learning of school science. 

Analytical Themes as Tools for Thinking about Technology­

Mediated Learning 
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The Multimodal Character of New Technologies 

As I have shown through the analysis in this thesis, a central characteristic of new 

technologies is the complex interplay of still image, colour, movement and gesture, 

writing, sound-effect and speech. This multimodal character of new technologies 

mediates school learning and curriculum knowledge in English, Mathematics and 

Science differently than do print technologies. The 'non-linguistic' modes go well 

beyond the function that they are most often associated with of directing and 

maintaining student attention. These modes as they appear on the computer screen 

contribute to the construction of curriculum entities (ideational meaning), as well as 

positioning the student users in relation to knowledge (interpersonal meaning) and 

realising the coherence of a text (textual meaning). 

Different modes offer different sets of semiotic resources and these resources shape 

meaning in particular ways. In each of the computer applications analysed in this 

thesis, for example, images offer students different resources for making meaning 

with than do written signs. In each case, what is displayed in image is always 

different than what is told in writing, even when the basis of the meaning is similar 

its material realisation reshapes it in particular ways. Due to the different affordances 

of modes each mode used in the computer applications contributes to the construction 

of knowledge in specific ways. From this perspective the choice of mode is a matter 

of 'interested design'. This makes the question of which modes are used to represent 

elements on screen in a text a central question. As my analysis has shown, for 

example, the decision of which elements in a game or CD-ROM are given a 'voice' 

or a visual appearance, or which are given permanence on the screen, and what the 

user can and can not change are all important in the shaping of knowledge. The 

semiotic resources of modes offer students different resources for engaging with 

curriculum knowledge, different resources for thinking with as each mode demands 

different kinds of cognitive work in the task of understanding and transforming signs. 

For this reason, modes can not be looked at in isolation and the meaning potentials of 
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modes need to be considered in relation to the multi modal ensemble that they are 

always only ever one part of. 

The multimodal character of the information environment of new technologies is not 

an automatic consequence of the facilities of the medium, hence the different take up 

and design of modes in different applications. The facilities of the medium of new 

technologies make it easy (easier than say the medium of the page) to draw on a 

range of modes, such as movement, sound-effect and speech. How these modes are 

taken up and configured on screen is, however, a matter of the design of knowledge: 

that is, what it is that is to be conveyed, to whom and by whom, for what purpose and 

in which context. In other words, the design of multi modal texts in the domain of new 

technologies is motivated and interested and as a result the multi modal potentials of 

computer texts are not always taken up. For instance, 'screen' can look ostensibly 

like a 'page', that is, it can be full of writing and little else. This can be understood as 

a rhetorical decision to reject the potentials of image, movement, and so on, to display 

'tradition' in the space of the 'new'. 

De-centring Language 

As the computer applications analysed in this thesis and new technologies more 

generally testify, the presence of the modes of speech and writing (or linguistic 

modes) on the screen is often minimal. When writing is displayed on screen it is 

along-side other modes and these other modes, often images, tend to dominate the 

screen space. A range of modes are in play and, increasingly, the environment of 

new technology relies on 'non-linguistic' processes of communication and decision­

making as people deconstruct visual symbols and click to progress. The visual links, 

shared visual objects and audio files made available by the facilities of new 

technologies can be designed to critique or mediate the written elements of a text on 

screen or to draw attention to potential layers of meaning and alternative readings in a 

written text. The multi modal facilities of the screen serve to de-centre speech and 

writing and to distribute the functional load of a message across a range of modes. In 

281 



the context of the screen the function of 'non-linguistic' modes is not merely to 

illustrate or support what is realised in speech and writing, rather these modes 'fill­

up' concepts that are realised linguistically in quite different ways. Indeed as I have 

shown, each of the modes displayed on a screen may attend to quite different aspects 

of what is being communicated linguistically. Increasingly, I want to suggest that 

writing on screen functions as a modal sign of or a reference to, the values of 

specialist knowledge, authority and authenticity associated with the printed era, the 

'literary text' and the educated elite. 

Language is de-centred by the emphasis of the majority of computer applications on 

the visual potential of writing (font, resources for indicating emphasis, materiality, 

colour, layout, and so on) in ways that change the practice of writing and reading. (It 

is important to note, however, that the visual character of writing has always been 

present to calligraphers, typographers and others.) The visual semiotic resources of 

writing are used on screen (and elsewhere) to indicate and to classify the specific 

domains of knowledge on screen. They are used to visually distinguish between fact 

and fiction or the everyday and the scientific or that which is intended for a young or 

old audience. As words 'fly in', revolve and dissolve on the screen the boundary 

between writing and image appears increasingly blurred, indeed at times the 

boundary between word and image appears entirely permeable and unstable (Chaplin, 

1994; Elkins, 1999). In this way, new technologies offer the potential to 'recast 

modes', to heighten the blurred boundaries between the visual and the written. At 

times writing on the screen becomes fully visual. When a block of type moves about 

the screen, interacting in rhythm with other modes, for instance, the tiny scrawl of 

printed words retreats to a textured pattern of lines and it is redefined as a visual 

representation on screen and the 'meaning' of what is written is transformed. 

The de-centring of writing on the computer screen is connected, I want to argue, with 

the spatial resource of the screen. In computer mediated learning the spatial resource 

of the page is superseded by the spatial resource of the screen, and in this move the 
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logic of the compositional meaning space is altered. The previous seemingly 

unalterably fixed uni-directionality of the written text ('the page') in the 'West' is 

altered to multiple directionality, which disturbs the logic of the 'line' as a 

textual/written entity. The same visual transformation is apparent in relation to 

elements such as the paragraph, which might be 'transformed' into a 'box of text' on 

screen. The use of scroll bars on the computer screen further disrupts the notion of 

page (Agarwal-Hollands and Andrews, 2001). In short, the screen as a site, both 

historically and materially, offers different potentials for language (writing and 

speech) and other 'non-linguistic' modes than the page. As a consequence of this 

writing and speech have come to have (to be given) different 'values' and meaning 

making potentials on screen than they have on the printed page. 

Alongside the multimodal domain of the screen, as students work with computer 

applications they watch the screen, gesture at elements on the screen, move the 

mouse, and press the keyboard, and there is little or no talk involved. This suggests 

that educational researchers, perhaps more than ever, need to look beyond language 

to understand learning. The de-centring of language in this way has important 

implications for literacy that are discussed later in this chapter. 

The Interaction of Modes on Screen 

The multiple combinations of modal resources that are possible on screen, the 

relations that these configure between modes through their arrangement and the 

semantic function of links between screens and elements are an important part of the 

construction of meaning. The configuration of modes on screen, the functional 

specialisation and functional load of modes in texts offer different meanings, and 

different filters for the understanding of a text. The ways in which modes are 

configured on screen also offer potentials for student engagement with computer texts 

such as the points of entry into a text, the possible paths through a text and the 

potential for them to re-make a text. Modes offer different ways into representation 

and focus on different aspects of its meaning. Alternatively the relationship 
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configured between modes may realise a tension between the aspects of meaning in a 

text - a tension that is itself meaningful. As the analysis in this thesis has shown a 

theme (such as 'friendship') may be realised simultaneously (although always 

differently) through a range of modes to make a theme potentially more salient than if 

it were realised in only one mode. The take up of modes and specific modal resources 

serves to shape the representation of what is included or excluded in the 'world' of 

English, Mathematics or Science, as well as the relation of the student user to that 

world of knowledge, and its coherence. 

As I have shown, the structure of a text and the use of hyperlinks realise connections 

and dis-connections between screens (texts) and this contributes to the construction 

of meaning relations between elements. In these ways the structures and links of a 

text can produce a semiotic sense of containment where the path through screens is a 

tightly defined space, and the screen is itself boundaried. Alternatively a semiotic 

sense of 'openness' can be produced through the design of links and screen structures 

in which the reading path remains more open. The multi modal character of new 

technologies, and the multiple entry points it offers to a text, nonetheless always 

opens up the potential for the 'reader' to divert from the 'intended' reading path(s). In 

the applications described and analysed in this thesis the structures that contain and 

boundary a text, in a sense 'force' the user to make a decision, while a more open 

structure signals the expectation on the 'reader' to explore the resources and 

potentials for action. 

Modes have been shaped through their social usage over time to realise specific 

functions in the context of technology-mediated learning in school English, 

Mathematics and Science. As a consequence of this, as I have shown, the modes carry 

different functional loads in the realisation of knowledge on screen. More 

specifically, in the applications analysed in this thesis I have shown that writing is a 

mode most often used for the representation of specialised subject knowledge, 

mathematical, scientific or literary knowledge. In contrast, movement can be 
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described as more often realising that which can be 'seen' in the world, our 

'everyday' experiences of 'how things are', although in the case of the CD-ROM 

Multimedia Science School movement is also used to represent scientific theory 

(particle theory) as an 'everyday' phenomenon. In the applications discussed in this 

thesis, visual communication appears to fullfill a mediating function between these 

two domains of the everyday and of specialised school knowledge. Visual 

communication straddles the two domains of the everyday and scientific versions of 

the world, the world as students experience it and the world as it is represented in 

school knowledge. In this way visual representations on the screen appear to act as a 

scaffold which offers students a way into school know ledge. 

Just as modes appear differently in the traditional school Science classroom than they 

do in the English classroom (Kress et. aI., 2001; SEP 2002), the analysis presented in 

this thesis suggests that this modal difference holds true for technology-mediated 

learning. For instance, writing appears to have a different genre and function in the 

case of the English CD-ROM as compared with Maths and Science. The writing (and 

speech) in the English application addresses the 'audience' directly, in the form of a 

narrative and presents Steinbeck and the novel as central to the school subject 

English. In contrast, the Maths and Science application contains little writing. What 

writing there is on screen is in the form of lists, factual statements, classifications, 

definitions and instruction rather than that of a narrative form. In these cases writing 

functions to 'name' the visual. 

The use of image in the applications also varies, in relation to context, colour, style, 

and use of symbolic icons. In the images of the Steinbeck CD-ROM a limited range 

of colours is used, the colours are muted (un-saturated) and the style of the image is 

that of a hand-drawn illustration (in fact a transformation of film stills in an 

application similar to Photo-shop). This use of colour and style serves to associate the 

images in the CD-ROM with the genre of literary illustration often found in a printed 

book. The icons used in the CD-ROM, the 'spotlight' style images of actors, the 
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image of a novel, playing cards, and so on serve to visually signify the subject 

English as a world of social knowledge, history and tradition. In the multimodal 

computer application, Multimedia Science School meaning is realised 'between' the 

mode of image, the limited written and numerical elements, and the movement of the 

elements. The use of visual resources in the application suggests the need to re-think 

(re-visualise) the world as it is usually experienced. The visual representation in 

science, of the world beyond the usual experience of people, stands in contrast to the 

visual association with the past in the CD-ROM designed for use in school English. 

Through the use of colour, image, writing, and action in the applications designed for 

different school subjects different discourses are produced and realised around 

knowledge and the subjectivity of the learner. The illustrative examples of computer 

applications that are discussed in this thesis demonstrate the need for a multi modal 

theory that accounts for the complexity of the relations between modes. 

Just as there are different conventions of how image and writing are displayed on 

particular pages (the pages of school books and newspapers, and so on) some 

patterned configurations of modal resources on screen are beginning to emerge. 

Although these modal conventions change over time (like all conventions) the 

relationship between image and writing on a newspaper page for instance is markedly 

different in 2003 than it was in say 1960 (Kress, 2003). At the time of writing this 

thesis, however, the conventions of modal arrangements on screen remain unstable 

and emergent conventions. 

The Multimodal Engagement of Students with New Technology 

This thesis demonstrates the benefits of looking beyond students' talk around the 

computer. In addition to the multimodal character of the majority of computer 

applications (including Microsoft Word that this thesis is being written on, with its 

animated office assistant and visual icons, etc.) students engage with these 

applications multimodally. They point, gesture, gaze at the screen, move the mouse 
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(or joystick) and click on icons and, sometimes, they talk. Just as the modal elements 

on screen offer different affordances for the construction of curriculum knowledge so 

do the different modes of interaction with the computer screen. 

When a student makes a gestured 'mark' across the screen to represent their imagined 

movement of an element, for instance, this gesture is temporary and ephemeral. It 

does not demand the modal commitment (the permanence) of a drawn or animated 

line of trajectory with the resources of an application. Throughout the instances of 

technology-mediated learning analysed in this thesis students used gesture to plan and 

imagine, and to test theories and ideas. Through gesture the students 'created' a space 

of activity that overlaid the computer screen. 'Within' such applications the spatial 

resources of the screen itself become meaningful and these were used to indicate 

different kinds of activity, such as constructing elements, note taking and so on. In 

the case of the Steinbeck CD-ROM and Multimedia Science School these areas were 

designed and designated by the makers of the application, in the case of Toontalk 

these areas were created by the interaction of the students. Once the students engaged 

with the mouse or keyboard the character of their gestures were transformed to more 

'permanent' realisations of plans and instructional gestures that, were they to be 

'translated' into words, would be along the lines of 'go here' 'click here', or 'select 

this' . 

Gaze is a resource employed by students in the organisation of their interaction with 

the screen often visualised in the movement of the cursor on screen. Gaze is a 

resource that software designers have used to engage the user since the early tool bars 

of the Mac Classic with 'eyes' that 'follow' the cursor on the screen, through to the 

humanoid robots of Toontalk. These material signs realised through gaze can, I argue, 

be interpreted as a multi modal sign of interest, attention and intention both of the 

designer and the students. I have shown that by attending to the mode of gaze what 

may at first be taken as lack of engagement with a text, for example, flicking quickly 

through the screens of a CD-ROM, can be understood as a kind of engagement. 
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The body posture of students is a significant aspect of their engagement with screen. 

As I have shown in this thesis, a student's body posture, their physical habitus, can be 

interpreted as a signifier of their 'genre' of engagement. To lean back in a seat and 

view the screen is a material realisation of a different subjectivity, a different learning 

experience, than an upright posture with the hand on the mouse: the former is a 

posture of 'leisure' and the later one of 'study'. I am not suggesting that either is 

more positive in relation to learning, merely that they mark the different 'position' of 

the student at that particular moment of engaging with a text. 

This move beyond a focus on language alone and attention to the multimodal activity 

of students with the screen enables different kinds of learning, engagement and 

students' production of 'learning spaces' to be bought into the analytical frame. This 

includes the 'non-linguistic' work of planning and thinking, making and constructing, 

playing and reviewing, and moving through and transforming texts as a part of 

learning. As students often say nothing as they work on the computer, especially 

those who have a shared history of working together (Crook, 1999), moving beyond 

language is important, I argue, as it re-theorises much of what goes on with and 

around computers as potential learning. 

Multimodal Literacy 

Technology-mediated learning provides teachers and students (and indeed it 

demands) with new forms of engagement which, in tum, require new conceptions of 

school literacy and literacy practices. 

As the analysis of technology-mediated learning in this thesis has shown, students are 

engaged in the work of interpreting and making meaning with a whole range of 

modes, image, writing, animated movement, colour, sound-effect, music and the 

configuration of these modes on screen. (Indeed this is always the case in the 

classroom, although differently so on screen.) Students and teachers are involved in 
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making sense of this multi modal environment. All of these modes work together to 

realise meaning and writing and speech are embedded in this multimodal ensemble; 

each mode offers different resources for meaning making and all modes including 

language, speech and writing, are partial in the realisation of this meaning. For these 

reasons a focus on language alone can not give a full account of what literacy is 

(Kress, 2003). There is, therefore, a need to expand our understanding of literacy in 

relation to new technology and, more broadly, to re-think literacy in order to 

accommodate the complex multi modal literacy repertoires that young people develop 

in the multimodal environment that they live in (Snyder, 2002; Street, 1998). 

Students learning with new technologies are involved in the complex task of 

interpreting the multimodal signs on screen and the relationships between them. 

Whereas in the recent past images have been on the whole secondary and 

backgrounded with respect to language in relation to formal education, this 

relationship is changed in technology-mediated learning (and I would argue 

elsewhere). This change is marked by the increase in visual representation and the 

visualisation of writing as a model. The 'reader' is involved in the task of finding and 

creating reading paths through the multimodal, multidirectional texts on the screen -

a fluidity that is beginning to seep out onto the page of printed books (Moss, 2001; 

Kress, 2003). Writing, image and other modes combine to convey multiple meanings 

and encourage the reader to reject a single interpretation and to hold possible multiple 

readings of a text (Coles and Hall, 2001). The multimodal character of the screen 

does not indicate a single entry point, a beginning and an end, rather it indicates that 

texts are layered and offers multiple entry points. This offers the 'reader' new 

potentials for 'reading' a text and the design of the text through engagement with it. 

Reading a written text on a page is essentially a linear event in which the author and 

I Images and the visual character of writing have been foregrounded at other points in history. 
The reasons for the dominance of image in the past, such as the low written literacy of the 
population and the extreme elitism of writing, do not stand behind the current trend toward 
image over word. The current visualisation of communication appears to be rooted in 
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illustrator guide the eye in a particular direction connected to the reading of a text. 

Multiple reading paths have always been a part of the repertoire of an experienced 

reader (Coles and Hall, 2001) multi modal texts of the screen, however, redefine the 

work of the reader, who has to work to construct a narrative or assert their own 

meanings via their path through a text. The design of some children's books (such as 

The Jolly Pocket Postman, Ahlberg and Ahlberg, 1995) and many magazines aimed 

at young people serves to fragment the notion of narrative and to encourage the 

reader to see themselves as 'writers'. In doing so these texts 'undo' the literary forms 

of closure and narrative. Nonetheless, the potentials for movement and closure 

through the screen texts discussed in this thesis is fundamentally different from the 

majority of classic book based literary forms and offer the reader the potential to 

'create' (however partially) the text being read. 

I have demonstrated that the move from page to screen together with a multimodal 

approach to learning have important implications for traditional conceptions of school 

literacy as a matter of competencies in reading and writing. Against this background, 

however, educational policy and assessment continues to promote a linguistic view of 

literacy and a linear view of reading which fails to connect with the kinds of literacy 

required in the school with the 'out-of-school worlds' of most young people. The 

government's National Literacy Strategy (DFES, 1998) is, for example, informed by 

a linguistic and print-based conceptualisation of literacy in which the focus is on 

'word', 'sentence', and 'text'. The Literacy Strategy and the National Curriculum 

more generally, herald new technologies as a useful learning tool but, as I hope I have 

shown, the multi modal character of new technologies produces a tension for 

traditional conceptions of literacy that maintain language at their centre. Traditional 

forms of assessment, for instance, place an emphasis on students' hand-writing and 

spelling, skills that the facilities of computers make differently relevant for learning. 

At the same time, assessment fails to credit the acquisition of new skills that new 

globalisation and the changing relationship between work, knowledge and information (New 
London Group, 1996). 
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technologies demand of students - such as finding, selecting, processing and 

presenting information from the internet and other sources (Somekh et. aI, 2001a). I 

want to suggest that the multi modal character and facilities of new technology require 

that traditional (print-based) concepts of literacy be reshaped as what it means to be 

literate in the digital era of the twenty-first century is different than what was needed 

previously (Gardener, 2000). If school literacy is to be relevant to the demands of the 

multi modal environment of the larger world, it must move away from the reduction 

of literacy to 'a static series of technical skills' or risk 'fostering a population of 

functional illiterates' (McClay, 2002). In short, school literacy needs to be expanded 

to reflect the semiotic systems that young people use (Unsworth, 2001). 

Many others have argued that the concept of literacy needs to be expanded beyond 

language to account for the demands of new technology. In my opinion this has led to 

the fragmentation of the concept of literacy into multi-literacies, visual literacy, 

digital literacy, and beyond to cultural literacy, emotional literacy and intellectual 

literacy. I argue against this pluralising of the concept of literacy, and suggest that to 

talk about learning with new technology as demanding substantially different 

'literacies' (Zammitt and Callow, 2000), although a call for radicalism, serves to 

accommodate the new within the domain of the old rather than to redefine it. I think 

that the move to multiple literacies is an inadequate solution as it maintains and 

reiterates the concept of 'real' literacy as linguistic and mono-modal, and serves to 

isolate and fragment the complex work of what it means to be literate in a multi modal 

world. Students who are engaged with multimodal texts in the classrooms are not 

interpreting image in isolation of writing, or digital medium texts from print texts, 

rather they are engaged in the task of interpretation in a multi modal and multimedia 

environment. To separate visual literacy, moving image literacy, and so on maintains 

the status quo in which literacy as language remains intact and boundaried: it just has 

more 'competition' in the communicational world. 
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It is more useful, I want to suggest, to reconsider the notion of literacy itself as one of 

multi modal design as this reflects the 'reality' that modes are fully integrated, that 

there is not, and never has been, a purely linguistic text as writing is itself multi modal 

(Kenner, in press). What there has been, is an educational focus on language, a 

privileging of language over other modes, other modes that have always been present 

but not always attended to (especially within educational research). To talk of 

multi modal literacy is to attend to all that is going on, including the visual character 

of writing (font, layout, colour), to listen to the 'breathiness', the tone, the pitch, the 

voice quality of speech and to understand these as semiotic resources (meaning 

potentials). Conceptions of literacy need to be expanded beyond language to all 

modes and the static notion of literacy as the acquisition of sets of competencies 

needs to be replaced with a notion of literacy as a dynamic process through which 

students use and transform multimodal signs and design new meanings. 

The Multimodal Character of Learning 

In this thesis I have attempted to show how learning can be understood as a dynamic 

process of sign making and how the multi modal signs that students make can be seen 

as a realisation of their interests, embedded in the demands of the classroom and the 

school curriculum. I have rejected a sole focus on technology-mediated learning as 

verbal interaction in favour of an approach that attends to the full range of modes that 

contribute to this process of meaning making. From this perspective I argue that the 

multi modal resources of the screen can be understood as a set of potentials for 

meaning making and I have shown that the configuration of these multi modal 

resources on screen is central to what students can do (mean) with them. I have 

demonstrated that curriculum knowledge is shaped differently by the affordances of 

different modes, and that when students engage with the multi modal signs on screen 

in the process of learning, they learn not only from the words and speech but from a 

range of modes. The question of what to attend to, what to 'make meaningful' is a 

significant aspect of the work of students in relation to multi modal texts, in other 

words, the question of what to select as salient to the task at hand. In the relative 
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modal constraints of the written page the student is often under no illusion of what 

they are supposed to attend to, although in the case of young children learning to read 

and write the question of what to attend to is central to their learning. In the case of 

multimodal texts, however, the question for students of what to attend to is amplified. 

In the classroom students working with new technologies are involved in the complex 

task of transforming information across and between modes, for example they may be 

working with a multimodal entity on screen to produce a written account of that 

entity - what Kress (2003) has called 'transduction'. For example, the students 

working with the Steinbeck CD-ROM are engaged in the task of producing a sign of 

character drawing on the multimodal signs offered by the CD-ROM. The work of the 

student is to select the criterial aspects of the entity 'character' to make their own 

sign, drawing on the affordances of modes, and based on their interest and the 

framing of the task by the teacher. Such tasks demand the remaking of signs and 

involve the student in the transformation of knowledge in order to remake the sign 

'character' according to their interests and knowledge. The multi modal environment 

of the screen provides students with a range of resources for meaning making and 

these multi modal representations are then 'taken in' 'internalised' and become tools 

for thinking with. As each mode shapes knowledge differently modes attend 

differently to the aspects of meaning being made and modes therefore provide the 

students with different tools for thinking with. Given the multi modal character of the 

resources of new technology and students engagement with these, a language centred 

approach to learning and assessment therefore fails to attend to the complex activity 

(creativity) and learning of the students in the classroom. 

The multimodal resources and facilities of new technology can reconfigure the work 

of the student. There are, as I have demonstrated through the analysis of instances of 

technology mediated learning in English, Science and Mathematics, losses and gains 

for learning in the change of technology and mode. However, as I hope I have shown 

it is not that one technology is 'better' than another but rather that technologies 
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enable (and demand) students to engage with knowledge in different kinds of ways, 

and in the process offer them different potentials for learning. 
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8. The Development of Multimodal Theory 

In this concluding chapter I address the second aim of the thesis, the question of how the 

thesis contributes to the development of multimodal theory through its application in the 

domain of the screen and technology-mediated learning. In doing so I locate the thesis in 

relation to potential critical practitioner interests and to wider theoretical perspectives to 

technology-mediated learning. 

The thesis contributes to the development of multi modal theory in five ways. First, the 

thesis offers a coherent theoretical framework for multi modal analysis. Second, it 

clarifies the conceptual terms that are central to a multimodal approach. Third, it moves 

away from a focus on the conventional roles of modes on screen to ask what semiotic 

resources modes make available and how these resources shape knowledge. Fourth, the 

thesis attends to both the representational modes of multi modal texts and the modes of 

students' practices, and the relationship between them, thereby looking at how the 

resources on screen bring forth and fashion the work of students - and vice versa. Linked 

to this focus on both text and practices is the fifth contribution of the thesis to multimodal 

theory in which I begin to explore how social semiotics and activity theory could be 

productively combined. 

A Coherent Framework 

The thesis is motivated by my interest in pedagogic and theoretical questions concerning 

multi modality and technology-mediated learning. The language of description that I 

develop in this thesis can be equally applied to the 'traditional technologies' of the school 

classroom (which rely on textbooks, models and diagrams, teacher and student gesture, 

movement and talk) and the use of new technologies in teaching and learning. As I have 

discussed and demonstrated throughout the thesis, technology always has a significant 

effect both on pedagogy and on the representation of curriculum knowledge. The 

facilities of any technology (new media in this case) and the environment of its use draw 

on and (re )configure representational and communicational modes in different and 

295 



distinct ways. In this sense the thesis serves two compatible aims. On the one hand it 

provides a 'test-case' for the development of a language of description of multimodality. 

On the other hand the thesis is a specific empirically based investigation of how the 

facilities of the screen as opposed to the facilities of the page (or of the classroom more 

widely) configure multi modal representational and communication forms in particular 

ways, to (re)shape curriculum knowledge, and possibilities for learning. By analysing 

instances of technology-mediated learning I show how the facilities of the medium, its 

particular multi modal character, interactivity, structure and hyperlinks, and the screen as 

a site of display, shape the multimodal representation of curriculum knowledge and the 

practices of teachers and students differently than other technologies. 

In this thesis I offer a coherent statement of the theoretical framework for multi modal 

analysis of sign making and learning, with particular reference to technology-mediated 

learning. Other research, as noted in Chapters One to Three, has focused on the resources 

and affordances of specific modes specifically action, visual communication, gaze, and 

writing in order to identify and classify the meaning making potentials of specific modes. 

Where research has looked at more than one mode this research has focused primarily on 

the relationship between word and image, and has tended to be suggestive rather than 

empirically based. In contrast I have examined modes as part of a multi modal ensemble 

and examined specific instances of technology-mediated learning. In doing so, I have 

moved beyond the resources offered by separate modes to examine how modes interact 

and interconnect in the process of meaning making. The analysis of these modes in the 

domain of the screen has examined the specific ways in which a range of modes are 

bought into relation to one another via the facilities of the medium of new technologies. 

In addition to providing a coherent theoretical framework for multi modal analysis, the 

thesis offers a clear framework and demonstration of how to analyse technology­

mediated learning from this perspective. The method is outlined in Chapter two, and 

demonstrated through the analysis of the three illustrative case-study examples described 

in Chapters Four, Five, and Six. 
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Clarification of terms 

Where a theory is an emergent one, as is the case with multimodality, the application of 

the theory can contribute to its development in useful ways. Through my use of 

multi modality and social semiotics in this thesis I have discussed and applied the 

theoretical terms to empirical data and in doing so I have articulated them in ways that 

are relevant to the screen and learning. In the process I have clarified some of these terms 

and the ways in which they relate to one another in the context of technology-mediated 

learning. Further I have begun to make links between the concepts within social semiotic 

theory, multimodality and neo-Vygotskian theories of learning, in particular the role of 

mode in semiotic mediation and the social forces that underpin this mediation. 

As discussed in the previous chapter this thesis suggests that there is a need to re­

conceptualise the term 'literacy' as a multimodal process. I show that in the domain of 

the screen, in which language is beginning to be de-centred and image and other modes 

are increasingly foregrounded, the traditional conceptions of learning and 'literacy' as 

entirely language based are inadequate. For the purposes of this thesis I take a pragmatic 

and rhetorical stance by acknowledging that in the domain of the screen mediation and 

communication are realised through a wide range of modes. I therefore claim 'literacy' as 

a term for describing the work of students with these resources. The theoretical 

perspective put forward here enables two things to be brought into focus simultaneously: 

the multi modal interaction of students and teachers with the resources of the screen, and 

the mediational means that computer applications make available; and it permits these to 

be theorised in relation to curriculum knowledge, literacy and learning. It is from this 

position that I argue that 'literacy' in the context of technology-mediated learning is 

multi modal. At the same time throughout the thesis I recognise the importance of 

attending to the specificity of linguistic, visual and other modes and their specific 

affordances in order to theorise how different modes contribute to the construction of 

curriculum knowledge and learning. 
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From Roles to Resources 

In order to better understand the multi modal character of new technologies and its 

potential for learning, I have shown that rather than identifying the typical!conventional 

roles of modes (image, sound-effect, writing, colour, gesture, gaze and movement on 

screen) as other research has done, it is important to explore how these roles are realised. 

In the thesis I 'step-back' in order to identify the range of semiotic resources which these 

modes make available, and the interaction of these resources on screen, to ask how they 

are currently used to mean but also to ask how these could be designed to realise 

meaning. Shifting the analytical focus from the roles that modes tend to occupy on screen 

to a focus on the semiotic potential of modes is useful in two important ways. First, this 

shift in attention makes the choice of mode and modal resource central. This enables an 

analysis, as I have done in this thesis, which examines modal resources in relation to the 

curriculum and to explore how the move from one mode to another reconfigures and 

reshapes curriculum knowledge and experiences of learning. This explicit focus on the 

semiotic potentials of modes enables a more articulate process of design in which the 

question of what resources an application might offer students for thinking and making 

meaning can be clearly addressed. Second, it enables the multi modal potentials of the 

learning environment of new technologies to be 'untied' from convention (what has gone 

before) in order to explore how these can be newly configured on screen. This second 

point is particularly important as so much of what has gone before relate to the medium 

of print and the domain of the printed-page, not to the facilities of new technology and 

computers and the site of the screen. 

The work of linguists and discourse analysts serves to identify the specific resources of 

language - speech and writing - in ways that have shaped the common-sense that informs 

how educational practitioners and the designers of teaching resources use language. In a 

similar way this thesis describes the resources of image, colour, sound-effect, writing, 

speech, and movement and the configuration of these resources on screen. In this way 

the analytical tools developed within the thesis provide a potential resource for 

educational practitioners and the designers of multi modal software applications to talk 

and think about the use and configuration of modes in such applications. 
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Much of the work of designing educational resources is 'intuitive' and many designers 

find it difficult to articulate their decisions of when to use image, writing, animation and 

so on and the principles that underlie these decisions. By focusing on the affordances 

and constraints of the different modes that multi modal applications make available, the 

thesis provides some principles for reflecting on design decisions. It addresses questions, 

such as 'when might image be more apt than writing?', 'what is it that movement can 

realise on screen that a static visual representation can not?', and so on. By exploring the 

configuration of modes on screen the thesis gives designers resources for thinking about 

what it means to represent an aspect of curriculum knowledge across a range of modes -

or in only one mode - or how links and structures relate curriculum elements to one 

another. 

By exploring the screen as compared with the page as a site of display the thesis 'tracks' 

the transformation of knowledge from page to screen and it reveals how much of that 

which is 'new' is embedded in the cultural histories of the 'old' print based media. This 

serves to highlight how principles of design move across technologies and media and 

provides a potential for reflection and re-thinking the configuration of the 'new'. The 

'old' technologies are also informed by the potentials and configurations of the 'new' and 

the design of the screen 'spills' onto the design of the page. In other words the thesis 

provides principles and tools that are relevant to designers of printed educational 

resources, especially in an environment where there is increasing convergence between 

screen and page based educational resources. 

The thesis has the potential to provide useful tools for teacher education and pedagogic 

practices, in particular in relation to the use new technologies in the classroom. The 

language of description provided here offers resources with which to discuss and focus 

attention on how the different modes can be drawn upon in the classroom. It provides 

principles that can be adapted to evaluate the usefulness of new technology applications. 

For instance, the thesis offers educational practitioners resources for thinking about how 

applications reshape curriculum knowledge, in particular the ways in which the resources 
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of the screen represent everyday and 'scientific' concepts differently to those of the page, 

and positions students in relation to the construction and production of knowledge and 

(re)positions student and teacher roles. The analysis of the use of new technologies in the 

classroom offers educational practitioners 'tools' for thinking about how the facilities and 

multi modal representations of the screen can (re )shape pedagogic practices and roles. 

Incorporating Text and Practices with Texts 

As commented on in the introduction to this thesis, multi modal and semiotic research 

tends to focus on the design and the meaning of texts. How students engage with 

multi modal texts, what they do with them and the practices that weave around and 

through these texts in the classroom is less often addressed from a multi modal 

perspective. Conversely, research that focuses on classroom practices, in particular 

research from a neo-Vygotskian perspective on technology-mediated learning, rarely 

addresses the multimodal resources that mediate these. In this thesis I have provided a 

multi modal analysis of technology-mediated learning that shifts, productively I hope, 

between a focus on the semiotic potential of the resources made available on screen and 

the practices that these resources bring forth in the classroom. I have been able to 

examine the connections between the design of a text and students meaning making by 

moving between the two analytical levels, of the resources displayed on screen and of the 

classroom. In short, I have been able to examine how the resources of screen have 

shaped learning at specific moments in the classroom. This has enabled the 

transformative character of learning as a dynamic, social process to be foregrounded in 

the thesis. 

The process of analysing both the software and the student data within the thesis from a 

multi modal perspective makes a contribution to the development of multi modal 

methodology of classroom research. Neo-Vygostykian and ethnographic research on 

technology-mediated learning focuses on people's practices and interaction with one 

another around the computer and focuses far less or not at all on the resources as they are 

displayed on the screen. It is analogous to research that might focus on the use of the 

book without focusing on the contents, formats and linguistic aspects of the book. As a 
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consequence it fails to attend to the effect of the resources of the screen on the character 

of students' engagement with the screen. By contrast the focus of social semiotic 

research in the domain of new technologies is on the resources of the screen (as a 'text') 

and rarely moves beyond the screen to analyse students' interaction with it. From both of 

these perspectives the simultaneous focus on the representational means of the screen and 

the interactions of students with each other and with the screen are not brought into the 

analytical frame to the extent that they are in this thesis. 

In collecting the data I used two cameras to focus on the 'plane' of the screen and the 

'plane' of the classroom, in particular the students' engagement with the screen. The 

language of description developed in the thesis applies to both 'planes' of activity, and is 

used to analyse two forms of (inter)action simultaneously. I treat the multi modal 

configuration of elements on the screen as complex sign of the application designer(s)' 

construction of curriculum knowledge. Alongside this, the students' multi modal 

interaction with the screen (their gestures, body posture, talk and so on) is treated as a 

multimodal sign of their engagement with the curriculum knowledge represented on 

screen. This offered a way to examine their transformation and production of knowledge. 

I transcribed and analysed the multi modal construction of signs in relation to both of 

these planes, focusing on how each mode and the relationships between modes realised 

ideational, interpersonal, and textual meaning in relation to the curriculum. This dual 

focus on the multi modal resources of the screen and the students' interaction is a new 

development within multimodal research that enables the interconnection of the resources 

of screen and the practices of students to be explored in detail. By focusing on both the 

representational resources of the screen and the practices of the students the thesis was 

able to broaden the analysis to look at the 'social' effects of new technologies and the 

multi modal character of the mediational means on learning. 

Epistemological Issues and the Relationship between Representation and Realism 

In this section I discuss some epistemological issues raised by the multimodal 

representations of the curriculum knowledge in the three examples drawn from the 

subject areas focused on in the thesis, English, Mathematics and Science. I take as my 
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starting point the notion that 'realism' is a social and semiotic construct. Different 

specific forms of realism are embedded in each of these school disciplines: and in the 

move from page to screen these forms of realism are reshaped and newly made in 

significant ways. I argue that educational practitioners and software designers need to be 

aware of the potential reconfiguration of the curriculum and of the epistemology of 

school subjects brought about by the move from the traditional resources of the classroom 

to the resources of the screen. More specifically they need to have a sense of the 

potential impact of this reshaping on what is presented to students as 'that which is to be 

learnt'. 

School English recontextualises, in certain domains, the work of literary theory, which 

has produced various forms of the object 'the literary text' and of its elements; in the case 

of this thesis, the element 'character' is the focus. These appear in recontextualised form, 

still recognisable in the English curriculum. In the move from the literary entity 'novel' 

in the mode of writing and the medium of the book, to the multi modal representation of 

the medium of the screen there is a shift from the literary entity constructed in one theory 

and its notion of 'realism' to a new entity. This new entity may be most conveniently 

described as a 'quasi-documentary' and its different notion of 'realism' consisting of 

'historical' records and information (maps, photographs, biographical information and so 

on). This effects, among many other changes, the notion of 'character' for instance, 

which shifts from its position in literary theory to one in a social theory. The concept of 

character that is realised in the 'novel as CD-ROM' is transformed from an entity 

embedded in the history of Literature and school English to one of the lived reality of 

people. Through the representational resources of voice, image, gesture, movement and 

the facilities of the screen the 'characters' are brought into existence and presented as 

'real' historically existent people. In this way the literary meaning of character and its 

potential to impact on the moral life of the reader is reconfigured. 

School Mathematics offers a theoretical repositioning of students everyday 

understandings of phenomena in the form of mathematical concepts represented in a 

scientific (technical) realism. The move from the resources of page to the resources of the 

302 



screen offer the potential for movement to be brought into mathematical representations 

and the engagement of students' via interaction with the elements on screen. 

Mathematics involves the selection and representation of elements of everyday 

phenomena that are significant to the interests of the subject, in the case of the example 

discussed in this thesis these elements are 'rule', 'movement', directionality', 'action', 

'condition' and 'agency'. In the move from the facilities of the page to the screen the 

concept of rule is transformed from a written and numerical sequence to a multimodal 

and multi-directional representation. The computer application discussed in the thesis, 

Toontalk, draws on the realism of the sensory/everyday cartoon world of young children 

to represent mathematical concepts as applicable to the social world (represented via the 

cityscape of the programming environment). At a more complex programming level 

within the application a scientific (technical) realism is also present. The potential to 

'move between' these two representations of the world and the domain of mathematics 

enables the students to make connections between their knowledge of the everyday world 

and the mathematical concepts that underpin the programming environment. 

The move from the traditional resources of the Science classroom (e.g. textbooks, 

models, demonstration and investigation) to the multi modal representation of the medium 

of the screen offer new potentials for the representation of curriculum entities which 

transform the ways in which everyday (naturalistic) realism and scientific (technical) 

realism are realised. In the case of the curriculum entity 'particles', focused on in this 

thesis, for example, traditional textbooks represent the 'realism' of the everyday world 

and the 'realism' of scientific theory visually as two distinct, separate constructions. 

Similarly in classroom interaction the entity 'particles' is represented in two distinct 

ways, via the realism of the everyday, through examples of a solid, liquid, and a gas 

(sometimes shown, but often 'talked into existence') and via the scientific realism of 

image, gesture, and the teacher's use of models. The multi modal resources of the screen, 

in particular image, colour and movement, together with the facilities of the medium 

(more specifically interactivity and the links and structures of screen texts) afford the 

potential for everyday realism and scientific realism to be configured newly through their 

simultaneous presence on screen. In the case of the CD-ROM discussed in this thesis, the 
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representations of Science, embedded in scientific realism are overlaid onto the 

naturalistic representation of the world. The task of the students is transformed from a 

matter of moving from the realism of the everyday to the realism of the scientific (in 

which the latter 'replaces' the former), to the task of distinguishing between and 

comparing these two 'accounts' of the world. This representation and the choice of 

viewing positions (to 'view particles' or to 'hide particles') impacts on the way in which 

students can engage with the entity 'particle', and offers different potentials for learning. 

The similarities and differences between the multi modal representation of curriculum 

knowledge and realism in the different subjects of English, Mathematics and Science is 

an area that I intend to explore in the future by building on this thesis and analysing more 

examples of technology-mediated learning. At this point it is only possible to comment 

on these similarities and differences in an exploratory manner. 

The analysis presented in this thesis suggests that the multi modal representations of 

curriculum entities and the semiotic construction of realism on screen across the three 

subject areas of school English, Mathematics and Science have a number of similarities. 

Broadly speaking, these multi modal representations offer, at least potentially, different 

entry points into the curriculum, offer the potential to reshape entities in significant ways, 

reposition students to the construction of knowledge, and mediate (primarily visually) the 

conceptual 'gap' between everyday and scientific concepts and domains in new ways. 

There also appear to be some interesting differences in how modes are configured on 

screen across the three subject areas. In particular, the ways in which modes are 

configured on screen, their 'prominence' and the relationships between modes differs 

between the subject areas. While language - speech and writing - is increasingly de­

centred on the screen this is, unsurprisingly, more the case in school Mathematics and 

Science than in English. The function of writing on screen differs across the subjects. In 

Mathematics and Science writing is primarily used to name the canonical curriculum 

entities within the specialised language of the subject. In English it is used more fully to 

represent the concepts of the curriculum, although in the case of the Steinbeck CD-ROM 
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an alternative reading of these concepts is available through image, movement and the 

other modes made available on screen. The visual modes (image, colour, texture) are 

dominant across all three subject areas, including School English; however, the form of 

these modes and what they attend to differs with respect to aspects of the representation 

and construction of curriculum. For example, within English, image most often appears 

in the form of 'illustration' (although as I have demonstrated image is not serving the 

'function' of illustration) and to locate the curriculum in the domain of people's lived 

experiences. This use of image provides a semiotic links between English as it appears 

on the screen and English as it appears on the page and serves to embed screen texts in 

the cultural and historical domain of English. In the case of Mathematics, it seems that 

visual modes provide a series of tools for the construction and deconstruction of 

mathematical curriculum entities. In contrast, the visual modes appear to be used in 

school Science computer applications as a kind of 'empirical fact' steeped in the realism 

of scientific theory. This serves to locate scientific texts as they appear on screen within 

the empirical culture and history of Science, one of objective observation and fact. 

Several questions that are raised by the focus on English, Mathematics and Science in the 

thesis will inform the development of larger scale research in the future. These questions 

include 'How are modes configured differently in computer applications designed for use 

in different school subjects?', 'How are modes designed to attend to curriculum entities 

in different ways (for example how the visual representation of curriculum entities in 

English as opposed to Science)?', and 'How does the use of the facilities of the screen 

differ between school subject areas?'. 

Theorising Learning 

Throughout the thesis I have applied multimodal concepts in the domain of learning and 

school knowledge - and through this application the concepts have been clarified further. 

In order to analyse sign making as a social process in the school context I have shown, 

albeit partially, the potential for bringing together social semiotics and activity theory. In 

the thesis I have begun to explore some of the ways in which the concepts of 

multimodality and activity theory can be brought together in the analysis of technology-
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mediated learning. In particular, I have shown the usefulness of activity theory in 

examining the social forces that underpin the activity of students and providing a 

theoretical account of the move from everyday to scientific concepts in school learning 

and the modal shaping of curriculum knowledge. Although my attempt to bring these two 

theories together in this thesis is at an early stage, it serves to mark my desire to 

contribute to both theoretical approaches in the future. This thesis is then the beginning, 

particularly to re-think the concepts of 'mediational means', 'semiotic mediation' and 

'internalisation' as multimodal concepts, and to provide a stronger theorisation of the 

social forces that influence the motivated production of multi modal signs. 

Social semiotics focuses on a concern and interest with semiosis that is how people make 

meaning; and although this theory has much to offer educational research, its theoretical 

focus is not that of learning and curriculum. Within social semiotics while all meaning 

making is clearly understood as social, and all sign makers are clearly socially positioned 

and shaped, the social is not theorised beyond the notion of the individual sign maker's 

'interest' (Kress, 1993). The ways in which social forces, such as curriculum, school 

policy, the history a school subject impact on sign making is not adequately theorised 

within social semiotics for the purpose of the thesis. In order to locate the thesis within 

the social institution of the school more clearly I turned to activity theory. 

Activity theory was used in the thesis as a tool to think with, a heuristic, a framework 

within which to attend to the social forces that underpin and produce the students' sign 

making and learning in the three examples of technology-mediated learning discussed in 

the thesis. Activity theory was used in this way to bring a range of factors into the realm 

of the analysis: the history of curriculum entities, the curriculum itself, the (re)mediation 

of the roles of student and teacher in the classroom, and so on. Within the thesis the 

theory of social semiotics is embedded in the framework of activity theory, with the 

former as the 'focus', and the later as 'the field', enabling the students' sign making to be 

explored within the specific social context of the classroom. 

306 



Activity theory was used, as discussed above, to broaden the picture that social semiotic 

theory could provide, to bring other elements into the analysis such as the curriculum, the 

context of the classroom, and the roles of teacher and student. However, the research 

focus remained that of the multi modal resources of the screen and the shaping of 

curriculum knowledge through students' engagement with these resources, through a 

close analysis of the screen and the students' direct practices with it. These aims were the 

focus of my research questions and shaped my detailed analytical focus on the resources 

as they were displayed on the computer screen and the interaction of students and 

teachers with these resources. Much of the wider social activity that went on in the 

lessons which provided the empirical data for the thesis was therefore not at the centre of 

the analytical frame that I applied in the thesis. 

The thesis contributes to the theorisation of the social in that it begins the task of bringing 

together social semiotics and activity theory in a way that enables the social forces that 

underlie the process of sign making and mediation to be more clearly articulated. There 

is no doubt that a broader social focus would have brought different and equally 

interesting areas of investigation into the thesis and I intend to expand the level of the 

theorisation of the social in my future research. 
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