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The use of ICT seems to

engage pupils, resulting in

more on-task behaviour,

greater persistence and

deeper understanding. 
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regulation and allowing learners to gain greater
control over their own learning. Harlen and
Deakin Crick viewed the teacher’s role as one of
mediation when ICT is used to support learning. 

While the evidence identified in the review echoes
the findings of other studies, the question-marks
over the robustness and range of the studies
discussed leave some cause for concern. 

3.2.5 Summary of key points

• The evidence of the impact of ICT on 
attainment is, as yet, inconsistent, 
although there are indications that in 
some contexts, with some pupils, in some 
disciplines, attainment has been enhanced. 
There is not a sufficient body of evidence 
in any of these areas, however, to draw 
firm conclusions in terms of explanatory 
or contributory factors.

• One fairly consistent finding is that the 
greatest impact is observed where ICT has 
become embedded or integrated within the 
everyday classroom experience of pupils.

• At present, the evidence of impact on 
intermediate outcomes such as motivation 
and behaviour is more compelling. The use 
of ICT seems to engage pupils, resulting in 
more on-task behaviour, greater persistence
and deeper understanding. Appropriately 
deployed, ICT appears to support and 
encourage greater collaborative activity, 
inquiry or problem-based learning and 
independent study.

• One caveat to be added here is that, 
where the use of ICT did appear to affect 
attainment or any one of the intermediate
outcomes discussed, the evidence was 
often based on a ‘snapshot’ study, while 
the initiative was still quite young and 
possibly benefiting from the novelty of 
the intervention. Longitudinal or time 
series studies where impact is measured at 

intervals as technologies become more 
commonplace and embedded into the 
classroom experience would give greater 
insight into the factors influencing 
sustainability and impact in the longer term.

• Where the use of ICT is effective, the 
tasks/activities must be seen as purposeful 
by pupils and the ICT dimension should be 
integrated into the experience in such a 
way that it genuinely enhances learning 
(provides added value) if the benefits are 
to be sustained in the longer term.
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3.3 Impact in specific subject 
areas

The third Curriculum Online survey (National
Centre for Social Research, 2006) indicated that
the proportions of primary and secondary teachers
who considered ICT to be important in the
teaching of specific subjects had risen significantly
since the first survey in 2002. In primary schools,
the majority of primary teachers considered ICT as
important for maths, English and, to a lesser
extent, science. In secondary schools, substantial
increases were observed in the percentages of
teachers who considered ICT to be an important
aspect of teaching in maths, science and
geography at Key Stage 3 and maths, music and
modern languages at Key Stage 4. This section
considers some of the ways that ICT has been
deployed to support subject teaching.

The literature contains numerous examples of
investigations into ICT-based strategies that have
been developed with a view to supporting
learning and teaching within specific subject areas
and disciplines although it should be noted that
most of those encountered were of relatively
small scale projects. Other sources of evidence
include literature reviews and overviews of
developments by bodies such as Her Majesty’s
Inspectorate (Education) and Ofsted. Overall, the
evidence indicates that ICT has wide applicability
across the curriculum and this section looks more
closely at the findings on the impact of ICT in
literacy (specifically English), mathematics, modern
foreign languages, science, social sciences and the
humanities (including geography and history). 

Looking across schools, HMIE (2005) found that
ICT had allowed pupils to learn in a greater
variety of ways which were better matched to
individual learning preferences and the nature of
the discipline. For example, conceptual
understanding in science was developed through
3D animations or simulations and the use of video
microscopes, while pupils studying modern

languages could see, hear and interact with native
speakers through video-conferencing facilities, in
addition to traditional learning experiences. 

3.3.1 Literacy and English language 

Broadly speaking, research into the use of ICT in
English is fairly consistent in finding that ICT helps
improve writing and reading skills, supports
collaboration and develops speaking and listening
skills.  The ImpaCT2 study (Harrison et al., 2002)
found that ICT use promoted greater pupil
engagement with the subject, allowing
opportunities for reflection and analysis and
contributing to the development of higher-order
skills associated with communication. In addition,
the use of word processing accelerated and
enhanced writing development. Writing was
particularly enhanced where ICT use was
combined with high-quality teacher guidance or
was deployed in the context of writing for a real
audience (Becta, 2003c), where pupils could
exploit the potential afforded to composing,
drafting, revising and reorganising their work
(Mumtaz and Hammond, 2002). 

It was found that the development of multimedia
design and presentational software packages
allowed students to transform different media
outputs into seamless integrated reports and
presentations promoting communication,
negotiation, decision making and problem solving
(Reid et al., 2002). In many cases the use of digital
techniques allowed pupils to review film and
engage in detailed analysis and discussion that
would have not have been possible though any
other medium (National Educational Research
Forum [NERF], 2005).

The ESRC-funded InterActive Education Project at
the University of Bristol has supported a
significant number of small-scale studies into the
impact of ICT across a range of curriculum subjects
[www.interactiveeducation.ac.uk/index.htm].
Teachers and researchers investigating ICT use in
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English and literacy used email, internet searches
and PowerPoint presentations to develop awareness
of audience, purpose, register and genre; made use
of Storybook Weaver and PowerPoint software to
access, manipulate and annotate images to
develop understanding of visual narrative; created
texts on a number of themes using different ICT
resources; and used classroom computers with the
interactive whiteboard to explore the etymology
of words and the relationship between language,
semantics and spelling (InterActive Education,
2006c). The report on the project indicates that
the use of ICT in English language teaching and
learning has had a positive impact on pupils’
attitudes and attainment, although the evidence
for this is limited by the small-scale nature of the
studies. The findings themselves focus on the
positive aspects of ICT in supporting learning in
English, such as the potential to create authentic
texts for ‘real’ purposes and audiences and the
increased access to textual material through the
internet. Well-designed ICT environments allowed
abstract concepts such as imagery to be explored,
with improved use of literary features in GCSE
writing subsequently. 

A particular concern in recent years has been the
under-achievement of boys in literacy (Condie et
al., 2006). One of the small-scale ICT Test Bed
projects focused on the impact of ICT on boys’
attitudes to literacy in the early foundation stage
(Fisher, 2005). It was found that the use of an IWB
made boys more interested in literacy activities,
particularly writing. This interest was maintained
and in some instances heightened when linked to
computers. The boys were motivated to complete
work to a higher standard than before the ICT
Test Bed Project started and were observed to
operate at levels they would have found difficult
to achieve with traditional pen and paper
methods. More generally, they developed a more
positive attitude towards literacy through ICT.

Andrews et al. (2005) undertook a systematic
review of the effectiveness of different

technologies in the teaching and learning of
written composition in English with pupils aged 5
to 16 years. While they initially identified over
2000 papers across the world in the area of
written composition, the application of inclusion
criteria reduced this to 14 reviews of studies on
the topic and a further 53 primary research
reports (of which 36 were from the USA, 15 from
the UK and one each from Australia and Canada). 

Further analysis reduced this to nine studies that
focused on the effectiveness of ICT in the teaching
and learning of written composition in English 
for in-depth review. However, these were so
heterogeneous in methodology and outcomes that
it was not possible to undertake a meta-analysis of
the evidence generated across the studies. The
authors concluded that they could not identify
reliable evidence to satisfy the original aim of
determining whether ICT was effective in the
teaching and learning of English for 5–16-year-olds.

Their key conclusion was that there was
insufficient high-quality research to answer the
original research questions about the effectiveness
or impact of ICT in relation to literacy/English
language learning. They did draw implications 
for policy, practice and research, however,
encouraging policy-makers to think of ICT as a
range of technologies that may be variously
effective in different areas of the English
language curriculum, rather than as a key tool 
in the development of literacy. Consequently,
curricular needs should drive procurement.
Similarly, with regard to practice, ICT should be
regarded as one of many tools to support learning
and teaching, a part of the teacher’s repertoire to
be drawn upon as appropriate to the task in hand. 

As with other EPPI reviews considered (Harlen and
Deakin Crick, 2003; Torgerson and Zhu, 2004), the
authors made particular reference to the need for
more research, in particular for large-scale well
designed randomised controlled trials, while
acknowledging the need for attention to ethical



32

issues and the limitations of such methodologies.
They suggested that a combined research and
development approach is needed, one that is focused
on both cutting-edge developments in the new
technologies and pedagogical application together,
as opposed to research into how technologies are
subsequently applied within the classroom.

3.3.2 Mathematics

In mathematics, the key benefits identified from
research into ICT use have been increased pupil
motivation, a more concentrated focus on
strategies and interpretation, faster and more
accurate feedback to pupils and greater pupil
collaboration and co-operation (Becta, 2003d). ICT
use made a major contribution to developing
problem-solving skills, practising number skills and
exploring patterns and relationships. Software
used in conjunction with an IWB can provide a
dynamic geometry environment. Some of the
mathematics projects supported by the InterActive
Project team at Bristol University investigated the
impact on learning and attainment in just such an
environment. The key findings indicated that, in
order to provide the most effective learning
experience, the teacher/school had to consider all
aspects, taking a holistic view of the learning and
teaching process. Aspects such as the pupil–computer
interface; the teacher’s role in the process, including
language and ways in which she/he interacts with
pupils; the use of other, non-digital tools such as
pencils; and the time given to individual and whole-
class activity all require to be addressed explicitly in
planning for using ICT in the learning and teaching
of mathematics [http://www.interactiveeducation.
ac.uk/maths_impact.htm].

One project in the InterActive Education series 
of studies described how pupils were able to
manipulate shapes more easily using ICT, helping
them to bridge the gap between concrete and
abstract concepts and improving their learning
and understanding of the properties of
quadrilaterals. The whiteboard helped to make 

all of the pupils' developing conceptions visible to
the whole class (NERF, 2005).

Cox et al. (2003a) also found that animations and
simulations enhanced understanding in mathematics
and science and that ICT could create a range of
diagrams and other graphical representations of
concepts and processes not possible with traditional
forms of resources. (See Cox et al. (2003a) for detail
of the impact of ICT in specific areas of mathematics
such as programming, graphs and algebra.)

Becta (2003d) reported that spreadsheets used
with an IWB fostered enhanced understanding 
of sequences and powerful modelling software
helped pupils explore ‘what if...?’ scenarios and
immediately see the consequences of their
decisions and discern successful decisions.
Immediate feedback encouraged students to
conjecture and keep exploring. ICT-based tasks
encouraged collaboration while the use of
multimedia software motivated pupils, leading 
to improved performance. 

Research also found that the dynamic and
symbolic nature of computer environments
supported pupils in generalising and making links
between their intuitive notions of mathematics
and the more formal aspects of mathematical
knowledge (Interactive Education, 2006a). 

Cox et al. (2003a) noted that many benefits had
been identified regarding the use of LOGO in the
late 1990s. These included the development of
problem-solving skills, transferable skills, higher-
order levels of mathematical thinking and the
learning of geometric concepts as well as
enhanced social interaction through group tasks.
Unfortunately, the use of LOGO appears to have
diminished as other forms of ICT have been
adopted. Concern was also expressed that ICT was
used less in mathematics than in many subject
areas. This was also noted in ImpaCT2 (Harrison 
et al., 2002), where 67 per cent of pupils at KS3
never or hardly ever used ICT in mathematics,
although at KS4 the figure was over 80 per cent. 
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Synchronous face-to-face

interaction with native

speakers was a great 

benefit and pupils using 

this developed greater

confidence and competence

than would have been

expected. 

3.3.3 Modern foreign languages

The literature indicates that ICT offers many
advantages in the area of modern foreign
languages (MFL) and teachers in schools are
experimenting with a range of resources and
using word processing, blogging, authoring
software, video conferencing, email, interactive
video, multimedia resources, presentations
software, spreadsheets, interactive whiteboards
and databases. Many writing activities on the
computer have been found to encourage pupils to
use new language skills, supporting them with
colour, images, sound and video (CILT, 2005). 

Taylor et al. (2005) argue that ICT use implies a
new literacy or a fifth skill in language use. They
found that students using ICT for writing in a
foreign language were more willing to write and
produced longer texts and that computer use led
to increased fluency and quality in their writing.
ICT appeared to motivate kinaesthetic learners 
in particular, while drop-down menus within
electronic writing frames and PowerPoint
presentations encouraged students to produce
structured and fluent writing. Similarly, the
InterActive Project found that the use of tailored
writing frames enhanced language learning
(Taylor et al., 2005). They encouraged
engagement, resulting in writing at greater length
and in more complex ways, and provided
scaffolding that helped pupils structure their
writing (both in the short and longer term).

The advantages for MFL go beyond the computer
and the classroom, however. This is one area
where a wide range of ICT-based activities,
including games, have been developed and where
a range of technologies, including mobile phones
and video conferencing, can be integrated into
the curriculum (Facer and Owen, 2005; HMIE,
2005; Condie et al., 2004: Condie et al., 2005).
Digital resources give access to a vast range of
information and learning opportunities and pupils
can work at their own pace as digital resources

can be slowed down and viewed time after time,
to suit the needs of the learner (Passey et al., 2004).

Video conferencing was found to be highly
motivating for students and generated powerful
learning effects (Becta, 2004b). This was one of
the conclusions of the DfES Video Conferencing in
the Classroom project which involved 28 schools,
including special schools and learning centres,
across a range of age groups and a wide
geographical area. Teachers involved in the video-
conferencing evaluation were convinced that use
had a positive impact on achievement. Other
cultures could be accessed, enabling cultural
identity to be formed. Synchronous face-to-face
interaction with native speakers was a great
benefit and pupils using this developed greater
confidence and competence than would have
been expected. 

Facer and Owen (2005) found that benefits to
foreign language learning include using the
internet and video conferencing to communicate
with native speakers through links with schools in
other countries and accessing foreign language
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entertainment and information. The real-life
situation was motivating and encouraged learners
to practise language in context, aiding the
acquisition and development of reading, writing,
listening and speaking skills. Pupils could work at
their own pace and practise in environments free
from embarrassment. 

The Digital Video in the MFL Classroom Project
(CILT, 2005) supported a range of different mini-
projects which aimed to develop video resources
for language learning in French, German, Spanish
and Japanese. Similar benefits were identified
across projects, including: a greater focus on
pronunciation; increased opportunities for
memorisation; increased pupil motivation;
improved class dynamics; the development of
collaborative skills; a better understanding of film
language and audience; and an increase in the
status of MFL in the school. In one project, Year 8
pupils developed a French and a German teaching
resource for their peers with scripts on the theme
of ‘Fortune-telling’ using the future tense of the
verb ‘to be’ as the grammar focus of the resource.
They explored the impact of different types of
camera shot and the power of communicating
through the visual image. Their linguistic skills
were greatly enhanced as a result of designing the
video for a specific target audience. Another Year
8 group, more varied in their ability levels, created
resources on the topic of ordering food and drink
in a café or restaurant. The project was aimed at
improving motivation and classroom dynamics
through group work and greater collaboration
was observed.

One specific example involved the use of digital
video to record pupils wearing different clothing
and describing this clothing in French before playing
it back to the class through the IWB (CILT, 2005).

In summarising the research findings on the use of
ICT in the modern foreign language classroom,
Becta (2004g) reported that video conferencing,
email and discussion forums all gave access to

authentic materials and learning opportunities
through communication with schools abroad. As
well as developing language skills, they facilitated
the development of cultural awareness in pupils.
Other technologies also provided advantages,
with word processing allowing pupils to plan,
draft and edit work and digital video offering
opportunities for feedback on language
performance through teacher or peer evaluation. 

More generally, ICT increased motivation,
enthusiasm and confidence and there was some
indication of a positive association with
attainment (Harrison et al., 2002). It also provided
a greater range of learning experiences with
collaboration, interaction and communication 
in the target language as well as supporting
differentiated activities for pupils (Becta, 2004f).

The Scottish Schools Digital Network (SSDN), 
due to be online to all 800,000 teachers and 
pupils in 2007, currently supports a pilot project,
the Modern Foreign Language Environment
(MFLE). A collaboration between Learning and
Teaching Scotland and the Scottish Centre for
Information on Language Teaching and Research
(Scottish CILT), it will comprise a website, 
resource bank and discussion forum
[http://www.ltscotland.org.uk/mfle/index.asp]. 
The discussion forum for MFL has already attracted
many teachers who contribute to the news blog
area and subscribe to the podcast facility – some
even involving pupils in the creation of blogs and
podcasts. To date no evaluation or research has
been carried out on the impact of the MFLE,
though this would be important in providing an
evidence base upon which others can draw in
setting up similar resources or for further research.

3.3.4 Science

ICT has many applications in science – data-
logging tools and digital video for data capture,
spreadsheets for data handling, simulation and
modelling, creation of virtual environments and
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the provision of resources through the internet or
on CD-ROM or DVD (Becta, 2003e). As well as
making science more interesting, authentic and
relevant for pupils, ICT use has been found to allow
more time for post-experiment analysis and to
foster discussion, communication and collaboration.

Simulations have been shown to help students
gain a greater depth of understanding of scientific
principles and relationships (InterActive Education,
2006b; Cox et al., 2003a) and permit experiments
to be shown that would pose practical difficulties
in a school environment. McFarlane and
Sakellariou (2002) found that difficult-to-grasp
concepts could be considered more readily and
that ICT could take over many of the mechanical
aspects of practical investigations, allowing pupils
to concentrate on interpreting and analysing data.
They also noted that data-logging tools, which
record and store measurements electronically, can
help improve the quality and quantity of results in
investigations. In exploring the weather, for example,
they could be used to record measurements
outside the classroom as well as overnight or
periodic data. Combined with analytical software,
relationships can be discerned more readily due to
the accuracy of the data. Students can also access
authentic data on the internet and use its facilities
to collaborate with professional scientists. 

The use of simulation software offers
opportunities to investigate problem or difficult
areas which are impossible to create in classrooms
– or are often too dangerous (Cox et al., 2003).
Simulations and animations allowed pupils to see
events that would otherwise be invisible because
they happened too quickly, too slowly or were not
readily observable. Examples included the flap of
a humming bird’s wing, the life cycle of a
redwood tree, the pulsing of a human heart and a
bee collecting pollen on its legs. Similarly,
dangerous materials or expensive apparatus could
be simulated, such as the processes inside a
nuclear reactor or a mass spectrometer, or the
dissection of small animals.

Although simulations can eliminate experimental
error and provide visual stimuli that help
understanding, Trindade et al. (2002) warn that
accurate or ‘sanitised’ data may lead to pupil
misconceptions, portraying measurement as
uncontentious. 

Cox et al. (2003a) showed that the use of ICT and
animations in science could be used to challenge
pupils’ thinking and conceptual understanding (or
misconceptions) through providing experiences
which resulted in cognitive dissonance or conflict.
This provided a focus for discussion and reflection
on their understanding. In addition, they found
that experience with computer microworlds
resulted in improvement in thinking skills and
strategic planning as well as the use of more
complex scientific language. Papert (2002) defined
a microworld as a computer-based interactive
learning environment where the pre-requisites 
are built into the system and where learners can
become the active, constructing architects of their
own learning. Essentially, they are explorative
(usually closed) learning environments with rules
of their own – a virtual library, a virtual museum,
an invented landscape – within which students can
explore concepts and relationships
[http://www.iaete.org/soapbox/microworlds.cfm].

Learning platforms, school networks and the
internet increasingly provide access to science-
based learning materials outside school hours
(Lewis, 2003). Specifically developed for secondary
chemistry teaching, the approaches developed by
Lewis involved using ICT to support associated
independent work out of school such as electronic
records of homework. In addition, in order to
alleviate some of the practical difficulties of
laboratory work, details of the next practical to be
tackled, reminders on how to use the apparatus
and a risk assessment were all presented during
the lesson and were available subsequently
through web links. Feedback obtained indicated
that the ICT presentations were most effective
when interwoven with the natural flow of the
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lesson rather than trying to deliver the content
entirely through what could be a packed display
of information.

The use of simulations in science teaching was
investigated within the Science Subjects Design
strand of the InterActive Education Project (2006b)
[http://www.interactiveeducation.ac.uk/
science_designs.htm]. For example, when used 
in the study of the effect of temperature on
digestive enzymes, the use of simulations was
found to promote differentiation and cross-
disciplinary teaching. It also supported real-time
graphing of results, allowing pupils to gain
greater understanding of the process, in line 
with McFarlane and Sakellariou’s conclusions
(McFarlane and Sakellariou, 2002).

In addition to providing opportunities for learning
scientific concepts and principles, simulations also
allowed pupils to consider decision-making and
discuss the societal implications of scientific
endeavour (Cox et al., 2003). For example, an
apparently simple situation such as a research
biologist working in the rainforest can be
explored from a range of perspectives – a
politician making decisions about environmental
issues or a scientist considering the ethics of an
experiment – revealing how context influences
decision-making and makes seemingly simple
situations more complex.

The use of learning objects in science learning 
and teaching is developing such that they can be
incorporated into learning situations, often with
the aim of personalising the learning experience
(Cox et al., 2003). (Learning objects are small
digital units of educational information that can
be customised, used flexibly and re-used, and 
that enhance the content of a learning activity.) 

The positive impact of e-learning on attainment
was one of the key findings in the evaluation of
SCHOLAR, an online programme designed to
support pupils working towards national
examinations in the sciences and mathematics. 

The evaluation included an analysis of
performance intended to shed light on the impact
of the programme on attainment (Livingston and
Condie, 2003). Working with the Scottish
Qualifications Authority, the evaluation team
analysed pupils’ grades on the Higher and
Advanced Higher examinations (typically taken at
age 17/18), comparing those who had participated
in SCHOLAR with those who had not. The analysis
showed that pupils who were registered with the
programme showed consistently superior levels of
performance, although this varied somewhat by
subject and grade achieved. However, as with the
Passey (2005) study, there was an absence of links
between in- and out-of-school use. Teachers
showed little awareness of, or indeed interest in,
how students were using the online components
of the programme out of school.

3.3.5 Social sciences and the humanities

There is wide applicability of ICT in the area of
social sciences and humanities, which would
include geography, history, citizenship and, in
Scotland, modern studies. In all of these areas ICT
increases opportunities for communication and
collaboration and makes the subject of study more
authentic and relevant. The internet, in particular,
provides access to a comprehensive range of
communities and events as well as access to
information and views about global issues. 

In geography, as well as engaging and motivating
pupils about important concepts, ICT has been
found to enhance geographic knowledge through
access to resource materials, improve presentation
of reports and written assignments, and facilitate
communications which broaden experience of
people, place and environments (Becta, 2004d).
Becta also concluded that use of ICT makes
geography more authentic and relevant, increases
opportunities for communication and
collaboration and can, by taking away or reducing
mechanical processing, offer more time for
observation, discussion and analysis.
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ICT offers new and powerful tools (particularly GIS
– Geographic Information Systems) to improve
geographic enquiry, statistical and spatial analysis
and mapping skills (importantly, the manipulation
of maps at a variety of scales). GIS has been shown
to enable pupils to quickly explore patterns and
distributions and to identify and investigate
underlying relationships. It also facilitates the
construction, testing and refinement of
hypotheses (Ofsted, 2004c). 

The use of simulation and modelling tools
enhanced the understanding of key topics like
erosion and agriculture (Cox et al., 2003b), and
enabled the development of higher-order
thinking skills. Communication with other pupils
in different environments via email, webcams and
video conferencing can heighten appreciation of
place, of environmental problems and of cultural
identity. The available communication tools and
the resources on the internet extend the reach of
the classroom and allow pupils to explore parts of
the world as well as the processes and phenomena
active in the world which they might never
otherwise experience.

Davitt (2005) reported on how schools have been
capitalising on the new technologies by setting up
digital radio broadcasts and are using the built-in
video cameras on fieldwork. Some are also
investigating geo-tagging. Here, digital
photographs of environmental features – farms,
river or estuarine features, urban landscapes – are
electronically tagged or labelled with a description
of the photograph and associated information on
the location. These photos can be incorporated
into online maps and when the tag is clicked the
photograph and the descriptive information are
displayed. More comprehensive environmental
resources are therefore available to pupils.

In history, a major benefit of ICT is the enhanced
access to a wide range of historical sources and
resources which could not be assembled in the
classroom any other way. These resources can be

more effectively presented by teachers using ICT
and stimulate motivation, collaboration and
historical enquiry skills (Becta, 2004e). Databases
are particularly effective in helping pupils to look
for patterns and relationships and to frame
hypotheses, while simulations allow complex
historical processes or events to be presented most
effectively (Hillis and Munro, 2005). Examples of
databases include the decennial Population Census
material, the First Fleet (convicted people shipped
to Australia in the 19th century), workers in an
industrial concern such as a jute mill in Dundee, a
school log of pupils and events in a Victorian
school, records of war grave deaths and the
occupants of a ‘poor house’.

The development of a virtual archive for the
acquisition and practice of skills of historical
interpretation is another example of the use of
ICT to support learning in history (Ruthven et al.,
2005). Commonly, a virtual archive would be
located on a site accessed through the internet
such as the Scottish Cultural Resources Access
Network (SCRAN) [http://www.scran.ac.uk] or
World War 1 – Trenches on the Web
[http://www.worldwar1.com/]. These resources
would be accessed either by the teacher pre-
selecting images and mounting them on a specific
school site or directing pupils to a particular site
with a view to their browsing the available
material in order to gain an appreciation of its
variety. Such images can be used to enhance an
existing unit of work.

In history, for example, pupils could engage with
archived documents and artefacts relating to the
First World War, and accumulate insights into the
part played in historical enquiry by interpretation
of diverse types of historical sources. They could
then write an essay exploring issues of
interpreting evidence, involving reference to the
full range of archival material they had
encountered. This approach was found to foster
independent learning, allow teachers to spend
more time working with individuals and
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encourage a more collaborative approach
between pupils and teachers (Ruthven et al., 2005).

One conclusion from the literature is that ICT is
most beneficially used when coupled with
effective teacher intervention and support and
where pupils are encouraged to concentrate on
the history rather than the mastery of ICT
competence (Munro, 2000). 

3.3.6 Other areas of the curriculum

Research into other areas of the curriculum is less
common, although increasing. In religious
education, the evidence gleaned from a set of
Ofsted inspections concluded that many teachers
had found ICT applications which enhanced their
teaching and opened up new and effective
learning opportunities for students (Ofsted,
2004f). When pupils used ICT well, teachers
observed clear improvements in presentation, in
the range of information accessed and in pupils’
understanding and analysis of key concepts. As in
other studies, ICT had a positive impact on
motivation and pupils were observed to work with
a far greater degree of concentration and
application than was normally the case. The
impact was most noticeable where pupils had
regular access to ICT resources (Ofsted, 2004f).

In physical education, conclusions from Ofsted
inspections in 2002/3 indicated that the quality of
teaching using ICT was good or very good in only
25 per cent of schools and that the use of ICT to
enhance teaching and learning at Key Stage 3
continued to be limited (Ofsted, 2004d). They
found that the majority of teachers were
competent in the use of computers and that there
was a growing use of word processing, school
intranets and multimedia presentation software
and that the quality of display material was
improving due to digital photography. In addition,
the use of data collection equipment such as heart
rate and blood pressure monitors and timers,
provided immediate feedback on health issues and

the interrogation of data supported hypothesis
formulation and evaluation.

The use of ICT led to the creation of exciting
learning environments. Those teachers who were
able to use more sophisticated software were
exploring a wider range of teaching styles,
developing pupils’ evaluation skills and engaging
them more in peer- and self-assessment. Pace and
purpose became more explicit to pupils and the
use of a wide range of visual images motivated
them to engage more fully in the learning process.

Ofsted also noted that the use of video analysis
was making a significant difference to the quality
of teaching and learning in dance, for example,
where pupils were very enthusiastic. There was an
industrious atmosphere characterised by high
expectations, the efficient handling of equipment
and greater attention to detail in learning. All of
these were regarded as indicators of very effective
learning. The effect of ICT on achievement was
most marked at Key Stage 4 and with post-16
students where it helped learners to improve the
coursework which was part of their final
examination. Pupils found that video analysis
helped them move more accurately and develop
skills of observation and analysis, resulting in a
better understanding of movement analysis. Video
imagery and performance analysis software
increased motivation to learn, improved
evaluation skills and led to more consistent and
accurate performance.

This report has already discussed how ICT can
benefit creative activity in schools – in the areas of
art, music and design – through the use of
presentation software, digital video and creativity
tools such as PowerPoint, Kartouche,
DreamWeaver, i-Movie and Garage Band.

3.3.7 Summary of key points

• To date, certain areas of the curriculum 
have benefited more than others from 
the introduction of ICT. The more obvious 
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More systematic

investigation, using harder

measures of impact, should

be undertaken, preferably

re-visiting initiatives over 

a longer time period to

determine long-term 

impact. 

ones include modern foreign languages 
(communication), history (learning objects)
geography (geographical information 
systems), the sciences (animations and 
simulations), physical education and 
the creative arts (digital videos and 
photography). There are pockets of good 
practice that should be disseminated 
further – through electronic networks and 
resource banks, for example.

• Much of the evidence on specific subjects 
is derived from small-scale studies which 
tended not to use scores from standardised
tests to determine impact on outcomes 
such as attainment. More systematic 
investigation, using harder measures of 
impact, should be undertaken, preferably 
re-visiting initiatives over a longer time 
period to determine long-term impact. 

• ICT can support the development of basic 
literacy and numeracy skills, particularly 
where pupils are experiencing difficulties.

• Learning has been enhanced where 
computers and word processing and/or 
presentational software were combined 

with other technologies, most notably 
interactive whiteboards.

• The use of ICT improves presentation of 
pupils’ work and has also been shown to 
support collaboration, improve the quality 
of discussion and facilitate the 
development of problem-solving skills.

• In modern foreign language teaching and 
learning, ICT has underpinned considerable
development in the provision of materials 
for teachers and pupils via online and 
digital resources, and improved language 
skills (through digital video and 
photography) and communication (through
video conferencing and blogging).

• In science, ICT allows pupils to grasp more 
abstract or complex concepts and 
appreciate microscopic processes through 
animations and simulations.

• The newest technologies, such as GIS, are 
available within the geography classroom, 
while online resource banks of artefacts 
and documents can be used to support 
learning in history and religious education.
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3.4 Impact of specific 
technologies and strategies

This section considers the evidence of the impact
of the use of specific technologies on learning and
teaching, identifying where benefits have been
realised. The technologies reviewed are mainly
those in which schools have recently invested
heavily or which have been perceived as offering
considerable potential for application in schools
and thus have attracted nationally funded
research. Emerging technologies such as mobile
phones, personal digital assistants and media
players (PDAs and PMPs), portable games consoles
and laptops are discussed although they are less
visible, as yet, in the classroom (Stead et al., 2005).

3.4.1 Interactive whiteboards

The use of interactive whiteboards (IWBs) has
been investigated and evaluated more than any
other presentational technology (see, for example
Wall et al., 2005; John and Sutherland, 2005;
Ofsted, 2005; BESA, 2005; Beverton et al., 2005).
This may be as a result of the general government
endorsement of the technology to schools and
particular initiatives (the Schools Whiteboard
Expansion project, for example) which have
provided major funding specifically for the
purchase of IWBs. The general conclusion from
qualitative research studies is that IWBs rank
highly as whole-class teaching tools and there are
a number of educational benefits which can result
from their use.

While Higgins et al. (2005) conclude that there
was a significant impact on classroom interactions
when IWBs were introduced into primary schools,
they were more cautious regarding long-term
impact on attainment in literacy, mathematics 
and science. The study, which involved both
quantitative and qualitative data gathering and
measured impact on attainment in terms of
change in Key Stage test scores, found some
improvement in the first year of the two-year

study but no significant difference in performance
in the second, in comparison to non-IWB schools.
One conclusion is that the initial intervention had
led to an improvement as a result of the novel
approaches used. Alternatively, where schools were
performing at above average levels, as was the
case in some of the schools studied, it was difficult
to sustain year-on-year gains in attainment.

Overall, the researchers found evidence of some
improvement for low-achieving pupils in English,
particularly in writing, although they noted no
significant differences in performance levels 
by gender.

The Higgins et al. study was one of the more
rigorous explorations of the use of IWBs
encountered, in that it used standardised tests,
classroom observations and interviews with 
pupils and teachers. The findings included the
observation that teachers’ questioning strategies
changed, such changes being consistent with the
kinds of interaction associated with more effective
teaching. The frequency of use of the IWBs, the
strategies used with them, the pace of lessons and
the aspects of classroom interaction all showed
positive change in both years of the study. Both
teachers and pupils were extremely positive
regarding the use of the IWBs in the classroom
and teachers believed that attainment levels had
improved as a result of their use, although the
supporting evidence for this was limited. While
teachers felt their workload had increased, they
felt this to be a temporary state of affairs that
would subside once they had mastered the
technology and developed their own materials
(which many were beginning to do by the end of
the second year).

Apart from the evidence on the impact of IWBs,
this study indicates the need to investigate impact
through a range of measures, hard (test scores)
and soft (perceptions), and over a period of time,
allowing for initial enthusiasm to die down and
the technologies to become embedded in
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classroom practice (or not). Small-scale studies, in
term of timescale and data-gathering instruments,
provide useful snapshots, but any perceived impact
should be examined more closely to determine
whether or not it withstands the passage of time.

The review of the literature undertaken as part of
the Higgins et al. (2005) study states that IWBs can
help teachers to improve the quality of their
presentations, increase pupil involvement through
interaction with the technology and each other,
raise pupil motivation, extend communications
skills (speaking and listening), make the
curriculum more relevant and immediate through
presenting concepts in novel ways, facilitate group
work and cross-curricular links and increase the
efficiency of knowledge transfer. In primary
schools, visual representations on IWBs can help
pupils grasp abstract ideas, bridging the
concrete–abstract gap, and allow teachers to
increase the pace of lessons (Ofsted, 2004a). 

A study of primary pupils’ responses to aspects of
ICT found that they believed that IWBs made them
think more deeply about their learning, that is,
there was a metacognitive impact. They provided
real, concrete examples to illustrate or stimulate
discussion points, facilitated remembering and
helped them to concentrate. In other words, the
pupils thought that the boards helped teachers
explain concepts more effectively (Wall et al., 2005).
The technology supported collaborative working in
line with social constructivist principles, encouraged
the contribution of ideas, sharing of tasks and
generated knowledge and understanding.
Reluctant readers and mathematicians were more
motivated (Ofsted, 2004a) and, in special schools,
IWBs were found to help autistic pupils work
together in, for example, literacy lessons, where
digital photographs were used in combination with
the IWB to stimulate involvement (Ofsted, 2005). 

These benefits were found where IWBs were
effectively integrated into classroom use, but
there is also evidence that their availability and

the skills of teachers in using them were
frequently limited (Beverton et al., 2005; Smith et
al., 2005). The message is that the acquisition of
interactive whiteboards must be accompanied by
good training provision in order that staff can
develop both the technical skills required to make
them function effectively and an understanding of
how best they can be integrated into learning and
teaching, both generally and in relation to specific
areas of the curriculum; this does not always
happen (Ofsted, 2005). Somekh et al. (2006) noted
that the use of IWBs was more sustained and
widespread in primary than in secondary schools
and, in turn, skill in using them was consistently
higher in primary schools. 

Miller et al. (2005), in investigating how ‘best
practice’ teachers used the interactive whiteboard
in mathematics and modern foreign languages,
concluded that three features encouraged pupils’
motivation in lessons. Firstly, the lesson was
organised such that there was an interactive and
participatory focus on the IWB throughout and
that, secondly, the combination of visual,
kinaesthetic and auditory features led to intrinsic
stimulation. Thirdly, lessons using the IWB took a
stepped learning approach – that is, concepts or
new terms were presented in a logical way, in
small steps rather than leaps of understanding,
and these were supported by regular feedback,
either from the software or the teacher.

Other features of the enhanced learning classroom
included teachers who recognised that planning
and preparation were key, and who selected tasks
carefully, both for appropriate content and to
encourage pupil–pupil and pupil–teacher
interactions. Pupils in such classrooms were
familiar with working constructively with others to
develop their own and each other’s knowledge,
understanding and skills.

Miller et al. (2005) identified three stages in the
development of teachers using IWBs. Initially, they
made some use of the IWB but only as a visual
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support or stimulus to the lesson and not as
integral tool in concept development (termed
‘supported didactic’). There was little interactivity,
pupil involvement or discussion. In stage two, they
made some use of the potential of the IWB to
stimulate pupils’ responses at points during a
lesson, and to demonstrate some concepts (termed
‘interactive’). They challenged pupils to think
through the use of a variety of verbal, visual and
aesthetic stimuli. Stage 3, ‘enhanced interactive’,
was marked by a change of thinking on the part
of the teachers. Here they sought to use the IWB
as an integral part of most lessons, integrating
concept and cognitive development in ways that
exploited the interactive potential of the
technology. Teachers were confident and
competent in their use of the whiteboard and
lessons were structured to encourage pupils to
respond to the stimuli presented, whether as
individuals or in pairs or groups.  

In summarising the literature on IWBs, Smith et al.
(2005) concluded that, while teachers and pupils
were overwhelmingly positive about their impact
and potential, there was insufficient evidence to
identify the actual impact on learning, in terms of
either classroom interaction or attainment. Little
had been done to differentiate between the
broader benefits of the presentation techniques
employed and the specific advantages of IWBs.
The review identified similar benefits to those
already mentioned, including flexibility, versatility,
the ability to meet a wide range of pupil needs
(including special needs) and the promotion of
collaborative working, motivation and
participation. However, the authors also concluded
that IWBs had not transformed teaching practice.
One reason given was that teachers had not
received adequate training to allow them to
realise the potential of the whiteboards – a
conclusion that Ofsted (2005) also reached. In
addition, they argued that problems of location,
accessibility and technical reliability needed to 
be addressed.

Other technologies such as tablets and visualisers
also lend themselves to whole-class interactive
display. In the evaluation of the ICT Test Bed Project,
Somekh et al. (2006) indicated that most primary
pupils had experience of working with them, and
had had the opportunity of using them to present
their own work. They also noted that, while they
require much less in terms of specialist skills than
do IWBs, they had had a radical impact on the
teaching of those members of staff who used them.

Increasingly, the use of combinations of electronic
slates or tablets, visualisers, large screens and/or IWBs
is being referred to as ‘whole class technologies’,
indicating a shift from the technology itself to a
focus on the purposes for which it is being used. 

3.4.2 Digital video and photography

Analysis of the literature on the effective use of
digital video and digital video editing found
evidence that their use greatly increased
motivation, improved literacy (particularly writing
and speaking skills), allowed differentiation with
regard to learning styles, facilitated collaborative
working and promoted deeper conceptual
understanding in many subject areas. Effective
use, that is, where ICT was integrated into the
learning activities and used to support the
achievement of learning outcomes, produced
learning gains above and beyond what could have
been achieved without technology (Becta, 2003a;
Burden and Keuchel, 2004). 

In a review of the impact of a number of projects
on the use of digital video in modern foreign
language teaching, the key benefits identified
were: greater focus on pronunciation; increased
opportunities for memorisation; increased pupil
motivation; improved class dynamics; the
development of collaborative skills; and a better
understanding of film language and audience
(CILT, 2005). 

There were many uses identified. Digital video
clips in the different languages were inserted into



43

electronic documents to create multi-sensory and
culturally informative materials for whole-class
teaching and independent learning. Activities
included planning, filming and editing digital
video footage, including the insertion of sub-titles
and sound track, often drawing on television
shows and news broadcasts, the creation of a local
tourist brochure or, more simply, the production
of a weather forecast. 

A number of small-scale case studies in the ICT
Test Bed project, carried out by teachers with
particular groups of pupils, focused on the use of
digital video and images. One used short video
clips of demonstrations and practical work to
allow pupils to ‘catch up’ on work missed through,
for example, illness (Cooper, 2005). Transferred to
CD-ROM or memory sticks, they could be viewed
on a computer at home or in the school learning
centre out of class time. Students found these very
useful in compensating for missed learning.
Although this was in the context of further
education, the strategy could readily be adapted
to the school situation.

Another ICT Test Bed case study (Jayes, 2005)
focused on the use of multimedia to encourage
the development of literacy skills in pupils with
English as an additional language. The majority of
pupils were from a Muslim background and some
were from refugee families. They worked
collaboratively, producing stories that they then
displayed on IWBs, evaluating them together.
They showed more interest in reviewing their
work in this different format and made more
contributions to discussion, gave more praise and
listened to others’ views more carefully. They were
observed to take more pride in their work and the
increased control they had over editing and
evaluating their work appeared to improve their
understanding of the writing process.

In other ICT Test Bed studies, the use of digital video
cameras to support the transition from infant to
junior school increased self-esteem and collaborative

working (Roberts, 2005), while in another school,
pupils developed an understanding of the persuasive
power of advertising through the analysis of
television adverts and, subsequently, created their
own using digital video (Mangle, 2005).

Robust, cheap and easy to use video cameras were
used to make simple film clips which were then
put together, by mixed-ability pairs, into a short
film/video showing important facts about a science
topic (Scott, 2005). Pupils worked in a range of
ways, collaboratively and independently, at their
own level and pace, and displayed the ability to
engage in considerable, focused discussion. It was
possible to use the clips to assess the science skills
and concepts acquired and to test mastery of ICT
skills. The technique was used over a range of
subjects – fieldwork in geography, movement in
physical education and news reports in literacy
lessons. It was noted that pupils of lower ability, in
particular, participated very enthusiastically, were
highly motivated and gained in confidence. 

Digital image techniques were also found to have
a positive effect on nursery pupils with poor
speaking and listening skills and low general levels
of literacy (Hayton, 2005). In this study, the pupils
took photographs at home over the weekend and
used them as stimulus materials on their return to
school on the following Monday, when the
photographs were displayed on the IWB. The
pupils developed their ICT skills in addition to
improving their levels of speaking and listening.
Other benefits included greater self-confidence,
articulation and enthusiasm to contribute. It is
important to note that, in many studies, while
digital video or digital photography used on its
own accrued learning gains, it was found to
generate greatly enhanced benefits when
combined with digital video editing and digital
voice recording. 

The most recent evaluation of the ICT Test Bed
Project (Somekh et al., 2006) reported that over
half of Key Stage 2 pupils had experience of using
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materials (BESA, 2005). The evaluation of the
Laptops for Teachers project (Cunningham et al.,
2004) reported a significant impact on time
management and improvement in the quality of
materials and other documentation such as reports,
produced by teachers. Laptops encouraged the use
of e-mail, access to other resources and the use of
presentation software. They were regarded as
vital tools for recording assessment data and for
reporting and tracking pupil progress. 

Across schools, using ICT to manage data was found
to promote teaching and learning by facilitating
more effective timetabling, including allocation of
staff, monitoring and managing performance and
handling transitions and transfers of pupils (Kirkup
et al., 2005). In addition, it contributed to target
setting and the monitoring of achievement. The
most effective tools were found to be school-
devised systems and the use of Excel spreadsheets.
A key use of school data was in informing the
setting and grouping of pupils and in compiling
reports to parents, where strengths and weaknesses
could be readily identified, with evidence to
support judgements. Data on achievement helped
to facilitate more personalised or differentiated
teaching and learning strategies. The feedback
allowed teachers to tailor activities more closely to
individual needs. Key recommendations from the
NFER/DfES report by Kirkup et al. included the
need for an increase in the provision of training in
using data and the support for the growth and
dissemination of good practice. 

The PricewaterhouseCoopers study of teachers’
workload (PwC, 2001) established that, while
workloads were intensive on a week-by-week
basis, annual comparisons indicated that teachers
worked at similar levels to those of other
managers and professionals. However, it was
acknowledged that the number and pace of
educational initiatives over recent years had
placed additional demands on teachers and
headteachers, and the authors identified a
significant role for ICT in supporting them. 

These included electronically assisted approaches
to lesson planning, marking, recording assessment
evidence and producing progress reports for
parents and the provision of more specialist
support, such as ICT technicians. Improved access
to ICT, school networks and web-based resources
for teaching and planning were also identified as
potential strategies. The authors did note,
however, that the evidence they had gathered
indicated that the use of ICT in schools tended to
be about raising the quality of the work produced
by teachers in, for example, presentations and
reports, rather than saving time. They also noted
that adequate ICT was the key factor to improving
efficiency, along with staff development in using
the relevant software and hardware. 

A second study in 2004 (PwC, 2004) found that ICT
did help address workload issues for some
teachers, particularly those who were confident in
its use. Combining survey and fieldwork data
gathering, the study involved a nationally
representative sample of headteachers and
statistically sound numbers of teachers across 20
fieldwork schools. The teachers perceived benefits
in managing, storing and maintaining information
and other work such as preparing reports, with
the time saved reinvested in planning and lesson
preparation. Some teachers felt that it took longer
to complete some of their administrative tasks. At
the personal level, a lack of confidence or skills
hindered progress, while at the school level, the
absence of an ICT strategy that addressed workload
explicitly and ineffective networks were significant
negative factors. Positive factors in addressing
workload issues were identified as good leadership,
appropriate training and technical support and
effective networks, including connectivity.

Looking ahead, both headteachers and teachers
were optimistic that ICT would make them more
effective in their work over the following 12 months,
while headteachers were the more optimistic
group with regard to impact on workload.
Teachers were split in their views on whether or
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not ICT would, over the following 12 months,
reduce their workload. The percentages of
teachers who thought it would increase workload
were roughly equivalent to the percentage of
those who though it would reduce it. 

One concern is the extent to which schools are
aware of, and complying with, the various ethical
and legal requirements regarding, for example,
pupil and staff safety, security of data and
copyright legislation (Condie et al., 2005). The
majority of primary schools in Scotland had been
supplied with guidelines on a range of ethical and
legal issues. Most primary teachers had received
guidance on security (such as the use of passwords
to prevent unauthorised access to data or
information), the protection of young people
from possible exploitation on the internet and the
protection of young people from exposure to
unsuitable materials including pornography. Most
had received advice on a range of legal aspects
such as copyright laws and regulations, the Data

Protection Act and the suitable and safe use of
email by pupils. Up to 20 per cent of teachers
indicated that they had not received such
guidance and only 56 per cent of teachers had
provided guidance for their pupils on copyright
implications.

In secondary schools, teachers reported receiving
guidance on the importance of security, copyright
laws and regulations; the protection of young
people from exposure to unsuitable materials; the
protection of young people from possible
exploitation on the net; and ethical and legal
considerations such as licence agreements.
Between 10 and 25 per cent had not received
guidance on one or more of these. Just over 60
per cent of the secondary teachers surveyed had
received advice on the Data Protection Act and
the suitable and safe use of emails by pupils.
Under half (46 per cent) had provided guidance to
pupils on copyright implications, while 43 per cent
did not know if this had been provided or not. 

As well as learning to use ICT and to access the
internet, pupils should learn how to do so in
socially responsible ways and develop an
understanding of how to ensure their own safety
and security in electronic environments, including
an awareness of the legal constraints and
obligations. This might be less of an issue in
schools where access is normally tightly restricted
to safe sites through the use of firewalls and
internet safety software, but it cannot be assumed
that similar precautions will be in place in other
areas of access, particularly the home. Becoming
e-confident includes developing a critical
awareness of the negative and potentially harmful
aspects of ICT as well as enthusiasm for and
independence in exploring its positive dimensions.
Wheeler (2000) points out that part of the
teacher’s role is to ensure pupils are aware of the
potential for inaccurate and misleading
information on the internet and gain the skills to
discern that which is valid and reliable.
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4.3 The e-confident school

In order to be effective in the use of ICT to
support learning and teaching, schools need to be
‘e-confident’ (Becta, 2004a), which means
displaying a number of characteristics at a
sufficiently developed level. The Becta Self-Review
Framework (Becta, 2006c) was designed to help
local authorities and schools to identify the
strengths and weaknesses of their ICT deployment
and use and to further their consideration of key
priorities for future investment. The Framework
sets out routes by which schools can develop the
effective use of ICT and offers guidance to help
them to achieve realistic goals for improving
practice and develop the characteristics of
increasingly e-confident schools. 

These characteristics include a confident and
competent workforce; effective leadership; ICT-
integrated teaching, learning and assessment
practices; effective management procedures;
technical and CPD support; pupils/students with
high ICT capability; and links with the wider
community where the school forms the hub for
community learning and information. 

Passey (2005) found that few schools in the region
investigated (the West Midlands) were deemed to
be sufficiently mature across all these
characteristics, although there were clear
indications of confidence in some. Of key
importance were the roles of the headteachers
and senior staff in taking forward developments,
with a clear focus on learning and teaching as
well as positive attitudes to the potential of e-
learning in improving attainment. In developing
strategies for learning and teaching, it is argued
that the emphasis should be on more
collaborative learning, with an understanding of
what is appropriate at different stages. In
addition, schools need to develop activities that
can bridge the home–school divide and engage
pupils in out-of-school learning. 

On a practical note, the consultation document on
e-learning states that all schools should have
broadband connectivity by the end of 2006 (DfES,
2003). However, a substantial minority of schools
still do not have broadband access, while others
have lower specifications with bandwidth that is
insufficient for their needs. Additionally, many
schools are unclear as to the full range of benefits
to learning that the use of broadband can bring.
Consequently the opportunities to capitalise on
the potential benefits of e-learning have often
been delayed (Becta, 2006b).

4.4 Impact on communication 
with home and the wider 
community

The use of the internet to provide access to
resources for lesson preparation and to support
learning directly has been discussed in earlier
sections. In this section, the focus is on ways in
which it can facilitate communication with parents
as well as a range of agencies and individuals
outside the school.

There is concern in some of the literature over
inequalities in respect of pupils’ access to
computers outside the school and the need for
schools to address this, firstly by recognising the
issue and secondly by implementing strategies
designed to tackle it. In so doing, schools must
consider the range of factors that contribute to
inequality, including socio-economic status, social
capital and gender (Livingstone et al., 2005). There
is little in the literature, as yet, on such strategies
or their impact. However, the C2K project
(Hewlett-Packard, 2004) is an example of a
community-wide initiative that has been widely
reported and, to a lesser degree, evaluated.

In Northern Ireland, the C2K project is responsible
for providing an ICT-managed service for all schools,
on behalf of the five education and library boards
in the region [http://www.c2kni.org.uk/index.html].
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The evaluation of the C2K initiative by
PricewaterhouseCoopers (PwC, 2004) indicated that
it was rated very positively by users, with reliability
of computers and ease of file handling most highly
regarded. Overall, users were very satisfied with
most aspects of the service provided by C2K,
particularly the online help and support. Three
recommendations related to supporting teachers
were made. These were: to address the demands
made by labour-intensive and time-consuming tasks;
to provide further staff development for teachers in
using the elements of the service; and to provide
and share widely more information on the various
components of the managed learning service. 

Subsequently, the C2K project has been significant
in enabling remote access for parents and giving
them the means to support their children’s learning
through information on homework, additional
learning resources and access to the outcomes of
assessments. Access to a range of services and
resources is available from home, libraries or youth
centres (Hewlett-Packard, 2004). There is little
evidence as yet on how effective the initiative has
been in improving home-school links or involving
parents [http://www.c2kni.org.uk/news/
publications.htm].

Research into ICT-facilitated home–school links has
found that they can foster the development of
effective relationships between schools and parents,
through email communication, for example,
resulting in greater parental involvement in their
children’s education in general (Becta, 2003b).
Work can be transferred more readily between
home and school and pupils can receive tuition
when absent from school, accessing a range of
curriculum resources via the school website. Most
pupils spend a lot more time using ICT at home
than at school, with greater autonomy (Condie et
al., 2005; Livingstone et al., 2005). 

There are numerous calls for schools to develop
processes for capitalising on the informal learning
that goes on in out-of-school ICT use. Passey (2005),

in his evaluation of the development of e-learning
in a number of case study schools across the West
Midlands, reported that although some aspects of
e-learning, such as e-portfolios, were at early stages
of development, there was growing evidence of
the positive impact on motivation and subject
attainment. Of the four categories of e-learning
activity (in school, out of school, linked learning
across the two environments and links with parents)
the out-of-school activities and links between in-
and out-of-school use were the least developed.

Out-of-school access is perceived as beneficial with
regard to personal and social growth as well as
cognitive development. Kent and Facer (2004)
highlight the role of online messaging systems,
where the use of computers in the home is seen 
as a rich, instant communications system linking
young people with peers. They argue that a more
open and accessible system will allow young
people to create virtual social environments;
schools should consider how they might
compensate for a lack of access to such
opportunities for some pupils out of school.

Combined with school-based learning platforms,
the internet provides a range of potential 
benefits for parents, enabling them to support
learners or engage with wider school activities.
Learning platforms offer one means by which
administrative/support staff can provide help 
and advice to learners and contribute to the
development and adaptation of learning materials.
School managers can benefit from reduced
administration and can communicate more quickly
and effectively with parents (Becta, 2005e).

One dimension of the ICT Test Bed Project was 
the development of home and community links.
This proved more challenging than anticipated,
primarily due to funding issues. While connectivity
was a problem (not all homes had online access),
some success was achieved through a loan system
of laptops and digital cameras to pupils and 
their parents (Somekh et al., 2004). A further
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development is the provision of resources on 
CD-ROM or DVD, which can compensate to a
degree for lack of online access. However, there is
evidence that, while parents are keen to support
their children by buying educational software, the
children often end up working on their own at it,
without support from parents or others in the
home (Kerawalla and Crook, 2005). The school
should work with parents so that they understand
how they can best support and encourage their
children as they work with educational software. 

Looking beyond learning, Davies et al. (2005), in a
review of the literature on the 14–19 age group
and the analysis of four case studies, reported 
that digital technologies can provide support in
seeking out career options from the many possible

choices, identifying pathways towards these and
guiding young people towards achieving their
ambitions. In summing up their findings, the
authors concluded that there is not a sufficiently
substantial body of research evidence on which 
to base practice in the use of digital technologies
to enhance the learning experiences of this age
group. While calling for more research, ideally
based on experimental methodology, they
acknowledge that it is neither possible nor
appropriate to wait for the research to emerge
before implementing the new technologies. They
also lament what they see as the government’s
dependence on what they describe as ‘narrow
accountability measures based on exam success’ in
determining impact.

4.5 Summary of key points

• The teacher’s role changes in e-learning contexts, 
becoming one of facilitation, support and mediation. 
There are concomitant demands on those with 
responsibility for the school and its leaders.

• Teachers may not all readily embrace the new technologies 
and many appear to be at a stage of development similar 
to Miller’s interactive stage in the use of IWBs, if not still at 
the ‘supported didactic’ stage (Section 3.4.1).

• Intranets have developed to support a range of 
administrative activities within schools, including 
attendance, assessment records, reporting to parents, 
financial management and the sharing of information 
amongst staff.

• Schools are beginning to use the data that is gathered 
through such processes for various purposes, including 
monitoring and evaluating performance indicators and
pupil achievement, allowing intervention where cause for 
concern is detected.

• The more schools depend upon intranets for managing data 
and information and the more they open the school to the 
external world through the internet, the more they have to 



74

be aware of issues of security and safety, for data,
teachers and pupils.

• ICT has reduced teachers’ workload as their skills have 
developed and applications, technologies and networking 
have become more readily available and easy to use.

• The internet has increased significantly the range of 
resources to support and stimulate learning and teaching 
across the curriculum and at all levels.

• It has also provided the means by which access to a range 
of services, including libraries and careers services, can be 
brought together, albeit virtually, in the one place.

• As ICT becomes an integral part of the everyday life of the 
school, there is a need to ensure that inequalities of access 
do not impede participation in the learning opportunities 
provided and subsequently in achievement. Inequality 
can arise through a number of factors including gender, 
ethnicity and socio-economic status, and schools must 
develop inclusive e-strategies that are proactive in 
this regard. 

• Teachers can identify their own professional development 
needs and find solutions that meet their preferences for 
when, where, how and what to learn – personalising their 
own learning. They can tailor their own learning 
experiences, combining individual, collaborative and/or 
one-to-one formats, using any or all of the available 
technologies.

• Many schools have yet to develop the capacity to allow 
parents (and pupils) access from home; many of the links 
that do exist tend to be in the form of one-way 
communication – school to home.

• The development of home–school links, coupled with the 
development of cheaper, mobile technologies, including 
mobile phones, can help to address inequality of 
opportunity and support pupils who, for one reason or 
another, cannot take advantage of the opportunities 
available within schools.



Conclusions and implications

This analysis of the literature on the impact of information and
communications technologies on learning and teaching has
identified a number of themes which have been used to provide
the framework for reporting. Some of the studies were tightly
focused on specific technologies and their impact on learning
and/or teaching, while others looked for evidence of impact on
the outcomes of the learning process, such as engagement with
learning, motivation and, ultimately, achievement, across a
range of technologies. Some researchers sought evidence of the
impact of one or more technologies when used with specific
groups of learners, such as those with special needs, the
disaffected or those who, due to lifestyle, are more difficult to
reach with conventional educational provision. Other studies
looked more broadly at the impact on the context in which
learning takes place and the wider role of the teacher with
regard to planning, preparation and administration. In addition,
the role of ICT in developing teachers’ confidence and
competence was investigated, as well as the impact that the
integration of ICT might have on teachers’ pedagogies.
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The key points from each theme have been
summarised at the end of each section and we
conclude by setting out the key messages that
have emerged and by considering some of the
implications for the further development of e-
learning. Firstly, we would like to make some
reflections on the literature itself.

5.1 Reflections on the literature

In recent years there have been numerous surveys
designed to give information on the extent to
which schools are developing the capacity to
integrate ICT into learning, teaching and
management processes. The evidence gathered
has shown a steady increase in the number of
computers and other technologies over time, with
most schools achieving the baseline targets for
computer-to-pupil ratios. This finding, to a degree,
masks considerable variation within and across

schools with regard to regular access to reliable
technologies and broadband connectivity.
Evidence of the impact on learning and teaching
indicates that, where the use of ICT is most
effective in enhancing the learning experience,
teachers have been able to integrate a number 
of technologies such as laptops, interactive
whiteboards and the Internet. Such combinations
of hardware, software and connectivity allow
them to develop innovative approaches to
learning and teaching.

A critical factor in the effective use of ICT is 
the existence of a school-level e-strategy that
addresses future development and sustainability
and includes some means of monitoring progress
against identified milestones. While innovations
often begin within a stage or subject department,
they require a whole school commitment if they
are to become embedded in the daily experience
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of pupils, providing continuity and coherence
across the years. While champions can, and often
do, lead the way, new developments need
leadership and strategic planning to ensure
sustained changes in practice. 

5.2 Reflections on the impact 
of ICT in schools

The overwhelming message is that most pupils and
teachers have found the introduction of ICT into
the classroom a positive development, motivating
pupils and teachers alike and changing radically
the learning experiences of both. There has been
a shift in the views of teachers, in particular, with
initial scepticism and apprehension being
gradually replaced by optimism and confidence.

The literature contains a great deal of persuasive
argument that ICT is valuable in improving
learning, teaching, motivation and achievement,
although the volume and consistency of evidence
tends to lead to tentative conclusions rather than
firm ones. Given all the initiatives in schools at the
present time (literacy, assessment and citizenship
to name but a few), it is not easy to determine
causal relationships between a single initiative and
any observed changes in behaviour or
achievement. While the evidence does seem to
support the view that there has been an impact
on learning and teaching as a result of the
introduction of ICT, it has not yet reached the
point where it can be said to have transformed
the educational process. 

There are some conditions necessary before a
school can be said to have achieved institutional
maturity with regard to ICT (Underwood and
Dillon, 2005), and schools are clearly at different
points on that journey. In many instances, the
stories told in the literature are about the
technology rather than about learning and
teaching mediated by the technology. However,
for the new technologies to become an integral

part of the learning experience, they must become
almost invisible in terms of the demands made on
the users’ ICT skills and understanding (John and
Sutherland, 2005). 

At the moment, ICT continues to make significant
demands on many teachers who are less familiar
with many of the technologies than are their
pupils. Both of these developments will take time,
strategic planning and the judicious deployment
of resources in order to bring about the desired
level of e-confidence. There are, however, a
number of more specific concerns arising from the
literature that need to be addressed. 

A key concern is the extent to which teachers fail
to appreciate that learning and teaching through
technology requires a new approach to pedagogy,
to planning and preparation and to how the
curriculum is perceived. Much of the literature
analysed in this study focuses on the use of
hardware, software or peripheral technologies.
There was much less systematic enquiry into the
impact on the day-to-day teaching practice of
teachers, the impact on the teacher–pupil
relationship or on the teacher–teacher
relationship, as a result of the implementation of
ICT initiatives in and across schools. The evidence
is that these relationships cannot and will not
remain as they have traditionally been.

Miller et al. (2005) observed that teachers’ use of
interactive whiteboards appeared to develop in a
series of stages. Initially, it was a resource, a visual
stimulus or support for teaching with little
interactivity. As the teacher’s skills and confidence
developed, it was used to support conceptual
development, allowing learners to gain better
understanding of specific concepts and processes.
Pupils engaged more interactively with the
technology, benefiting from its capacity to
challenge their thinking through its ability to
manipulate images and text. The most advanced
stage, which Miller et al. referred to as ‘enhanced
interactive’, was achieved when the technology
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itself faded into the background, becoming an
integral and accepted classroom resource.
Teachers used the technology effectively but
unobtrusively to meet intended learning
outcomes, and pupils, as individuals, pairs or
larger groupings, interacted with the content,
manipulating the ideas and concepts to achieve
greater conceptual understanding and enhance
cognitive development.

This seems to reflect the development of ICT use
in the classroom more broadly – from a novel
resource which attracts pupils’ attention and
engages them, to a new way of presenting
information and the content of lessons and, further,
to a change in the patterns of interaction between
pupils, teacher and technology, accompanied by a
change in, or modification of, the role of the
teacher from ‘expert’ to facilitator, mediator and
guide. It is possible to discern a corresponding
shift in emphasis in the literature over the years
covered by this study. Initial concerns over access
and availability have diminished and understanding
of the factors underpinning effective use in
specific contexts, often with specific groups of
pupils, is gaining in importance. 

Although there is evidence of impact, the newness
of some of the technologies and the limited
period for which they have been in place make it
difficult to determine whether any observed
impact is the result of short-term novelty or part
of a genuine enhancement of learning and
teaching that can be sustained in the longer term.
Most impact studies tend to take place two to
three years after the initiative has been
introduced. This is a short time scale in which to
observe significant change and tends to reflect the
need for rapid evidence of impact by policy-
makers to inform further planning. 

Systematic and robust longitudinal studies could
provide some insight into questions of
sustainability and impact over the longer term,
although the very nature of what is being studied

makes this problematic. The rate at which
technologies are developing and the requisite
skills and knowledge are changing mean that it
would be difficult to compare like with like over
an extended period. Such studies also tend to be
more expensive.

Conlon (2005) is somewhat pessimistic about 
the potential for ICT to transform learning and
teaching. He questions whether the introduction
of broadband connectivity will lead to the
developments in online discussion, web browsing,
email and electronic conferencing that are
promised. The impact of ICT is mitigated by
elements such as the curriculum, assessment
demands and the structures of the school, he
argues, and by the belief systems of teachers,
which change far more slowly than does the
technology; technology will be used to support
existing practices and cultural values unless some
of these structural impediments to change are
tackled. Some of the evidence discussed here
supports this: intranets and laptops have become
efficient tools for administration, management,
planning and preparation, while VLEs and the
Internet have become repositories of resources
which can be downloaded and used with little or
no modification. 

The Becta self-review framework is providing 
one means by which schools can monitor their
development towards becoming e-confident 
and mature institutions. Key aspects are 
identified, such as workforce development,
teaching and learning strategies and leadership
and management, and examples of successful
approaches identified from pilot schools. 
Thus schools can audit their own level of 
maturity with regard to ICT and draw on the
experiences of others to move forward
[http://schools.becta.org.uk/index.php?section=lv].

Looking more widely, Heppell (2006) is involved in
developing a ‘learning metric’ to help determine
where investment in ICT by education has been

5
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effective. When key variables such as literacy and
numeracy, motivation of teachers, parental
responses and, in the longer term, growth in
national income are identified, it is hoped that it
will help answer questions about what works with
regard to raising literacy or how we can re-engage
the disengaged. 

While the aim of this study was to describe the
landscape of the impact of ICT in schools, there
are important debates that are only just
beginning. One of these is the long-term impact
on the curriculum as a whole. While this study has
looked closely at the impact of ICT on how pupils

learn in schools and how this might be enhanced,
it has not addressed the impact that it might
make on what they learn. This, in turn, raises the
question of where learning takes place and
whether the schools of the future will be the
physical entities that we have today. Scottish
teachers were somewhat divided in their views on
whether ICT would break down the age- and
subject-based organisational structures of the
school, as well as the teacher–pupil relationship
(Condie et al., 2005). Many also had a vision of a
classroom of the future that was very different
from that of today: there is some evidence that
such a vision could become a reality.
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