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Summary

SUMMARY
Background
The English Review Group completed an overarching systematic review of the
impact of Information and Communication Technology (ICT) on literacy learning
in English in 2002 (Andrews et al., 2002). In this review, a ‘map’ described all the
included research in the field. An in-depth sub-review reported on the impact of
networked ICT on literacy learning (Andrews et al., 2002). This present review is
one of a further four in-depth sub-reviews that address aspects of the overarching
question – what is the impact of Information and Communication Technology on
literacy learning in English? The broad background to the descriptive map and
the in-depth sub reviews is that there is a growing concern internationally that the
investment in ICT in schools is not impacting on literacy development. This
concern arises from a belief held by many – including governments as well as
schools – that ICT is beneficial to learning and specifically literacy learning. The
question is a specific one and has to be seen within a wider political, social and
technological context in which the symbiosis between new technologies and new
literacies (and thus literacy learning) is acknowledged.
The set of four in-depth sub-reviews follows an initial in-depth sub review on the
impact of networked ICT on literacy learning (Andrews et al., 2002). This review
is one of those four sub-reviews and addresses a question about the
effectiveness of ICT on literacy learning.
Policy and practice background
The use of ICT in schools to support literacy learning is pervasive. Since the mid1980s, successive governments have invested large amounts of resources to
develop ICT in schools. However, little robust evidence based on effectiveness
research has been used to underpin this use of ICT.
Research background
Andrews et al. (2002) identified five systematic reviews in the field of ICT and
literacy. All five reviews synthesised research in various aspects of literacy, such
as spelling or writing (Bangert-Drowns, 1993; Blok et al., 2001; Fulk and
Stormont-Spurgin, 1995; MacArthur et al., 2001; and Torgerson and Elbourne,
2002). In some of the reviews, the included studies focused on participants with
specific learner characteristics, such as pupils experiencing learning disabilities.
Most of the reviews included papers of all study types, whilst others were
restricted to experimental research (randomised, controlled trials and controlled
trials or RCTs and CTs). Not all the systematic reviews included detailed
assessment of the quality of the included studies. From these reviews, the
evidence to date, on the effectiveness of ICT on literacy learning, is equivocal.
In summary, whilst there have been some systematic reviews relevant to the
policy question of whether ICT is effective in improving literacy learning, the
extant reviews are either insufficiently rigorous in that they include nonrandomised or poor quality trials; or, they focus on only one aspect of literacy.
There is, therefore, a need for a systematic review of recent ICT effectiveness
research on all aspects of literacy.
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Aims
The overall aim of the two-year project is to determine the impact of ICT on
literacy learning in English for 5-16 year olds.
The main aim of this in-depth sub-review is to investigate whether or not ICT is
effective in improving young people’s literacy learning in English. Subsidiary
aims are to assess the effectiveness of ICT on different literacy outcomes and,
within those outcomes, to assess whether effectiveness varies according to
different interventions.

Review questions
The overall research question for the two-year project is:
What is the impact of ICT on literacy learning in English, 5 – 16?
The research question for this effectiveness sub-review is:
What is the evidence for the effectiveness of ICT on literacy learning in
English, 5-16?
This research question was developed because, despite huge investment by this
and previous governments in the use of ICT in schools generally in the UK and
with a view to improving literacy learning in particular, to date no generic
systematic review has been undertaken to examine the effectiveness or
otherwise of ICT on literacy learning in English. Specifically, no systematic
review of effectiveness has reviewed studies in all aspects of literacy learning,
with diverse learner characteristics, focused exclusively on the most appropriate
study design for judging effectiveness: the randomised controlled trial (RCT).
This study design is the most appropriate for judging effectiveness because it is
the only experimental design that can control for all known and unknown
extraneous variables, and for regression to the mean effects commonly observed
in uncontrolled study designs.

Structure of review
The structure of this review is unusual in that it includes a two-stage ‘mapping’
process, followed by an in-depth review.
In the descriptive map of the overarching review, the process of identifying,
including and characterising the studies for the systematic review of the impact of
the ICT on literacy learning is described. This map is an updated version of the
original map described in Andrews et al., 2002. In total, a series of five subreviews have been undertaken to address aspects of the original research
question. In the present review, the effectiveness map describes the process of
identifying, including and characterising the studies for one of the five subreviews. This review is a systematic review and meta-analysis of the
effectiveness of ICT on literacy learning. In the in-depth effectiveness review,
the inclusion criteria have been refined to identify a sub-section of RCTs that can
be used to address the question: 'What is the effectiveness of ICT on literacy
learning in English, 5-16?’
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Methods
Defining relevant studies for descriptive map of overarching review:
inclusion and exclusion criteria
The earlier systematic review (Andrews et al., 2002) mapped the research on the
impact of ICT on literacy learning in English, 5-16. The relevant research was
searched for, located, sent for and mapped for the years 1990-2001. In addition
to updating the searches for the period 2001-2002, and screening for inclusion of
any potentially relevant studies for the period 2001-2002, all the included studies
in the original map were re-keyworded using revised generic and review-specific
keywording sheets. The English Review Group working document (Appendix
2.1) for the inclusion and exclusion of potentially relevant studies was updated to
reflect changes made to the keywording sheets, both generic and review-specific.
See Appendix 2.1 for the inclusion/exclusion criteria for the descriptive map of the
overarching review.

Defining relevant studies for effectiveness map: inclusion and
exclusion criteria
As the focus of the sub-review was ‘effectiveness’, papers using rigorous
methods to assess effectiveness were required; this implies the identification of
relevant randomised controlled trials (RCTs).

Defining relevant studies for in-depth review: inclusion and exclusion
criteria
For this review, studies were only included if they had randomly allocated pupils
to an ICT or no ICT treatment for the teaching of literacy. Both individually
randomised trials and cluster randomised trials were included, but cluster trials
were only included if each arm contained more than four clusters, and if the unit
of analysis was at the cluster level (not the individual level), i.e. if there was no
unit of analysis error. Because this review is an effectiveness review, in order to
establish effectiveness, it was necessary to look at the effect sizes (with
confidence intervals). If the authors did not present effect sizes, or if the
reviewers were unable to calculate the effect sizes, an RCT was excluded.
Essentially this means that the study had to report either means of post-tests or
mean gain scores; numbers of participants in the intervention and control groups
and the standard deviations of the mean scores; or the means and numbers of
participants in each group and either a t-value or precise p value in order that the
reviewers could calculate the standard deviations. RCTs were included if they
presented sufficient data. It was decided not to reanalyse poorly analysed cluster
trials, and not to approach authors for further data.

Identification of potential studies for descriptive map of overarching
review: search strategy
The potential studies for this review were identified from the original systematic
review (Andrews et al., 2002) and through an updating of the original electronic
searches and handsearches (Appendix 2.2), for the period 2001-2002.

Identification of potential studies for the effectiveness map: search
strategy
The earlier systematic review (Andrews et al., 2002) mapped the research on the
impact of ICT on literacy learning in English, 5-16. All included studies were
keyworded according to study type. A research question looking at the
effectiveness of ICT on literacy learning would therefore include studies
keyworded as ‘RCTs’. After updating searches to locate any further relevant
A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16
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studies that were undertaken after 2001 and re-keywording using the EPPICentre core keywording strategy (EPPI-Centre, 2002a), the keyword ‘RCT’ was
used to identify any RCTs from the updated database.

Identification of potential studies for the in-depth review: search
strategy
All RCTs identified in the effectiveness map were re-screened for inclusion in the
in-depth effectiveness review, using pre-established inclusion and exclusion
criteria.

Screening studies for descriptive map of overarching review:
inclusion and exclusion criteria
The updated database for 2002-2003 that included potentially relevant studies
published after October 2001, was screened by a member of the Review Team
(CT), using titles and abstracts and the updated working document with inclusion
and exclusion criteria (Appendix 2.1).

Screening studies for the effectiveness map: inclusion and exclusion
criteria
All studies keyworded as RCTs were re-screened to check that they were
individual or cluster RCTs and fulfilled the inclusion criteria for the effectiveness
map. They were then included in the map.

Screening studies for effectiveness in-depth review: inclusion and
exclusion criteria
All identified RCTs were screened for inclusion in the in-depth effectiveness
review, using the pre-established inclusion/exclusion criteria.

Characterising included studies for the descriptive map of the
overarching review: EPPI-Centre and review-specific keywording
All the studies included in the original database from the review of 2001 were rekeyworded by members of the Review Team, using the new guidelines from the
EPPI-Centre (EPPI-Centre, 2002a). The studies retrieved for the updated
database were keyworded by a member of the Review Team (CT), with
assistance from other members of the Review Team and the EPPI-Centre where
there was any doubt about keywording. The database was fully annotated with
the keywords (AR). For pragmatic reasons, the database for 2002 was closed on
November 30th 2002. Any studies received after that time will be included in the
next update.

Characterising included studies for the effectiveness map: EPPICentre and review-specific keywording
The included RCTs were therefore characterised using the EPPI-Centre and
review-specific keywords (appendices 2.3 and 2.4) as part of the descriptive map
of the overarching review.

Identifying and describing studies for the descriptive map of the
overarching review: quality assurance process
For the purposes of quality assurance, two members of the Review Team (RA
and SB) and one member of the EPPI-Centre (DE) screened a random sample of
10 percent of the studies (screened by CT) in the updated database. Screening
was undertaken independently, using the inclusion/exclusion criteria working
document. After double-screening, the inter-rater reliability scores between CT
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and RA, between CT and SB, and between CT and DE were calculated using the
Cohen’s Kappa.

Identifying and describing studies for the effectiveness map: quality
assurance process
Two reviewers (CT and DZ) independently re-screened the studies retrieved from
the database and then compared results. In cases where there was
disagreement, a member of the EPPI-Centre was asked to advise (DE).

In-depth effectiveness review
Screening
Two reviewers independently screened all included RCTs and coded them for
inclusion or exclusion using the four exclusion criteria (CT and DZ).

Data-extraction and quality assessment of included RCTs
Data-extraction was undertaken by two reviewers. The included RCTs were
data- extracted and quality appraised using the EPPI-Centre Guidelines (EPPICentre, 2002b). Any disagreements between the reviewers were discussed and
resolved. In addition, because this is an effectiveness review and meta-analyses
of effect sizes were calculated in order to judge the effectiveness of various
interventions, outcomes data were extracted from all the RCTs. This was
undertaken by two reviewers. Any disagreements were discussed and resolved.
Quality assurance of data-extraction and quality assessment of the included
RCTs was provided by the data-extraction undertaken by DE and KS from the
EPPI-Centre.

Weight of evidence judgements about included RCTs
The methodological quality of each trial (A) was reviewed in terms of how well it
was executed. In addition, each trial was assessed for how much weight of
evidence it provided for the specific review in terms of (B) the appropriateness of
research design for the review question, and (C) the relevance of the study for
the review question. Finally, on the basis of judgments about (A), (B) and (C) an
overall weight (D) was ascribed to each randomised trial. The weight of evidence
assessments were taken into consideration in both the narrative syntheses and
the meta-analyses. Only studies assessed as ‘medium’ or ‘high’ on overall
weight of evidence were included in the syntheses.

Narrative synthesis of included RCTs
A narrative synthesis of the included trials was undertaken. The conceptual
framework which formed the basis of the synthesis focused firstly on different ICT
interventions and secondly on different literacy outcomes. This resulted in two
approaches to synthesizing the evidence:
(1) Interventions: an analysis of the effectiveness of different types of ICT
interventions on a range of literacy outcomes
(2) Outcomes: an analysis of the effectiveness of different types of ICT on
specific literacy outcomes

Statistical synthesis of outcomes (meta-analysis)
A meta-analysis essentially averages the results from a number of studies
together using a statistical method that gives the greatest weight to the studies
with the smallest standard errors, which usually means the largest studies. We
pooled some of the studies in a series of meta-analyses that investigated
effectiveness in different aspects of ICT and literacy.
A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16
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Publication bias
One source of bias for systematic reviews is publication bias. If studies showing
a positive (beneficial) effect are more likely to be published than negative or
inconclusive studies, this will give a biased estimate of effect. One method of
determining the existence of publication bias is to draw a funnel plot. This plots
the effect size of a study (on the x-axis) against its sample size (on the y-axis).
Very small studies will have a high probability of showing an inconclusive effect
even if the intervention is effective, just as they will have a raised probability of
showing a positive effect if the intervention is ineffective. If there is no publication
bias, small studies should be scattered along the x-axis, with the larger trials
being situated closer to the true estimate of effect (as they are less subject to
variability). A funnel plot was drawn to investigate whether or not there is any
publication bias in research in the effectiveness of ICT on literacy learning.

Results
Identification of studies: descriptive map of overarching review
A total of 2,319 potentially relevant reports were identified for the current review.
Of these 2,319 reports, 1,891 (just over 81%) were excluded by screening titles
and/or abstracts and 428 were sent for. Of these, 34 (fewer than 8%) were not
received within the timeframe of the review or were unavailable. A reading of the
full report resulted in the exclusion of a further 182 reports, leaving a total of 212
that met the criteria for inclusion in the mapping study.

Identification of studies: effectiveness map
A total of 45 RCTs were identified from the updated database, using the keyword
‘RCT’. Three of these failed to meet inclusion criteria, leaving a total of 42 trials
included in the effectiveness map.
Most of the studies in the map were identified through the electronic searches on
PsycInfo and ERIC. Most of the RCTs were undertaken in the US, with only
three being undertaken in the UK.

Identification of studies: in-depth review
Forty-two RCTs were included in the map. Thirty of these were excluded from the
in-depth review for the following reasons: no appropriate non-ICT control (19
RCTs); no literacy outcome measures (two RCTs); no data or insufficient data
(six RCTs); cluster randomised trials with too few clusters or inappropriate
analysis of cluster trial (three RCTs). This left 12 RCTs in the in-depth review.
All the studies included in the in-depth review were retrieved from searches on
two electronic databases: PsycInfo and ERIC.

In-depth effectiveness review
Publication bias
We plotted the effect size of the identified trials against their sample size. If there
is no publication bias, then the included trials should form an ‘inverted’ funnel with
the largest trial at the top. The largest trial reported a negative effect size;
however, the studies with the largest effect sizes were positive. There is a
suggestion, therefore, that some of the ‘missing’ trials would have had negative
effect sizes. The absence of these trials will tend to make any estimates of effect
biased towards the positive.
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Synthesis
A range of five different kinds of ICT interventions emerged from the twelve
included RCTs in the review: (1) computer-assisted instruction (CAI), (2)
networked computer system (classroom intranet), (3) word-processing software
packages, (4) computer-mediated texts (electronic text) and (5) speech synthesis
systems. There were also three literacy outcomes: (1) reading, including reading
comprehension and phonological awareness (pre-reading understandings), (2)
writing and (3) spelling.
Six RCTs evaluated CAI interventions (Berninger et al., 1998; Heise et al., 1991;
Jinkerson and Baggett, 1993; Lin et al., 1991; McArthur et al., 1990; Mitchell and
Fox, 2001). The CAI interventions consisted of studies designed to increase
spelling abilities, reading abilities or phonological awareness (pre-reading
understandings). One RCT evaluated a networked computer system intervention
(Golden et al., 1990) and two RCTs evaluated word-processing interventions;
three RCTs evaluated computer mediated texts interventions and one RCT
evaluated a speech synthesis intervention.
In synthesis (1), for five different ICT interventions, overall we included 20
comparisons from the 12 RCTs: 13 were positive and seven were negative. Of
the positive ones, three were statistically significant, whilst of the seven negative
trials, one was statistically significant. These data would suggest that there is
little evidence to support the widespread use of ICT in literacy learning in English.
This also supports the findings from previous systematic reviews that have used
data from rigorous study designs. It also supports the most recent observational
data from the Impact2 study. These findings support the view that ICT use for
literacy learning should be restricted to pupils participating in rigorous,
randomised trials of such technology.
In synthesis (2), we undertook three principal meta-analyses: one for each of the
three literacy outcomes measures in which we were interested. In two, there was
no evidence of benefit or harm; that is, in spelling and reading the small effect
sizes were not statistically significant). In writing, there was weak evidence for a
positive effect, but it was weak because only 42 children altogether were included
in this meta-analysis.

Quality assurance results: descriptive map of overarching
review
Screening
The inter-rater reliability score between CT and RA was 0.65 (good); the interrater reliability score between CT and SB was 0.39 (fair); and the inter-rater
reliability score between CT and DE was 0.36 (fair). CT and RA were initially less
inclusive, possibly because of greater experience of screening educational
databases. SB and DE were consistently more cautious in excluding papers in
the initial screening, including papers where there was any doubt.

Keywording: EPPI-Centre generic keywording sheet (Appendix 2.3)
Inter-rater agreement was very high. Out of a total possible 180 ‘keywords’,
disagreement occurred in only 30 keywords (i.e. 16.7%).

Keywording: English Review Group ICT and literacy keywording
sheet (Appendix 2.4)
Agreement was again very good. Out of a total possible 794 keywords,
disagreement occurred in 88 cases (i.e. 11%).
A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16
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Quality assurance results: effectiveness map
Both reviewers agreed on the exclusion of three RCTs from the map and the
inclusion of 42 RCTs. They also agreed about whether these RCTs were
individually randomised trials or cluster randomised trials.

Quality assurance results: in-depth effectiveness review
Both reviewers included the same 12 RCTs and excluded the same 30 RCTs. In
addition, there was complete agreement on exclusion codes. One reviewer (CT)
excluded on the basis of the first exclusion code in the hierarchy to apply to a
trial, while the other reviewer (DZ) excluded on the basis of all codes that applied
to any trial.
There are 12 RCTs in the in-depth review for this research question. All 12 trials
were independently double data-extracted by Carole Torgerson, Graham Low
and Die Zhu (all three from the University of York), and by Diana Elbourne and
Katy Sutcliffe (both from the EPPI-Centre). The data-extractions were compared
and all disagreements resolved. The English Review Group data-extraction for
each of the 12 RCTs was then uploaded

Conclusions: in-depth review
We identified 12 relatively small RCTs for the in-depth review. Some were so
small that they could only really be considered to be pilot studies. This group of
tiny trials represent the sum of the most rigorous effectiveness evidence available
to date upon which to justify or refute the policy of spending millions of pounds on
ICT equipment, software and teacher training. Given that the trials showed little
evidence of benefit large, rigorously design, randomised trials are urgently
required.

Strengths and limitations
We focused on a robust research design (RCT) appropriate for an effectiveness
review. We applied rigorous inclusion and exclusion criteria for including studies
in the in-depth review. All the included RCTs were highly relevant to the review
and were assessed as being of high or medium overall weight of evidence. We
did not include studies of other experimental designs; we did not attempt to
combine the results of RCTs with trials of other designs. There was high quality
assurance for the review: independent double-screening, data-extraction and
quality assessment at each stage.
We did not search for any studies published before 1990. The reason for this is
that we felt that ICT of the 1980s and before was relatively unsophisticated
compared with current ICT provision. Therefore, trying to inform current ICT
policy from studies that used 1980s technology could be misleading. We may
have missed some studies. Nevertheless, we accept the possibility that our
results could have been affected by publication bias. Publication bias is a very
real problem for any systematic review. The fact that we have found and
included some negative studies of ICT and literacy is somewhat re-assuring as
publication bias tends mainly to affect negative studies. Nevertheless, one
interpretation of our data could be that our results are over-optimistic as it is likely
that the studies that remain unpublished are more likely to be negative studies
than positive ones. If this is true, then the overall effects of ICT could be harmful.
All the studies included in the in-depth review were undertaken in the US so they
may be of limited generalisability to the UK. All of the participants in the studies
were either very young children in the stages of beginning literacy, or slightly
A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16
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older children who were experiencing difficulties or disabilities in learning in
literacy.

Implications for policy, practice and research
Policy-makers should refrain from any further investment in ICT and literacy until
at least one large and rigorously designed randomised trial has shown it to be
effective in increasing literacy outcomes.
Teachers should be aware that there is no evidence that non-ICT methods of
instruction and non-ICT resources are inferior to the use of ICT to promote
literacy learning.
A series of large, rigorously designed RCTs to evaluate ICT and literacy learning
across all age ranges is urgently required.
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Chapter 1: Background

1. BACKGROUND
1.1 Aims and rationale for the review
The impact of Information and Communication Technology (ICT) on literacy
learning in English is a topical and important issue. There is a need for a
systematic review of research in this field, not least because governments
worldwide are investing heavily in the provision of hardware and software to
educational institutions as well as in the training of teachers and students of all
ages in the application of ICT in literacy learning.
Between March 2001 and June 2002, the English Review Group carried out the
first part of a systematic review in attempting to answer the overall question 'What
is the impact of ICT on literacy learning in English, 5-16?’ Having mapped the
research literature, the first in-depth review focused on networked ICT (i.e. email
and the internet). The second part – which is the focus of the present report –
looks at another in-depth sub-review that investigates an aspect of the impact of
ICT on literacy learning: effectiveness (by identifying and synthesizing all the
randomised experimental research). Other sub-reviews in ICT and ‘moving
image’ research, ‘literature-based literacies’ and English as a second language
have also been undertaken, by other members of the English Review Group
Review Team.
The main aim of the present systematic review was to investigate whether or not
ICT is effective in improving young people’s literacy learning in English.
Subsidiary aims were to assess the effectiveness of ICT on the different literacy
outcomes of reading (including reading comprehension and phonological
awareness), writing and spelling and, within those outcomes, to assess whether
effectiveness varies according to different interventions.

1.2 Definitional and conceptual issues
ICT includes stand-alone computers, networked technologies with a multimodal
interface, mobile phones with the capacity for a range of types of communication,
and other technologies, which allow multimodal and interactive communication.
Literacy can be defined narrowly, as the ability to understand and create written
language. It is, however, frequently defined in two broader senses, and both are
included in the present study. Firstly, the scope can be expanded so that
language becomes written language and graphical or pictorial representation.
Secondly, the skill can be treated as social, rather than psychological; in this
view, literacy is the ability to operate a series of social or cultural representations.
Since sets of expectations or norms differ depending on the situation, the social
view of literacy entails a number of different ‘literacies’.
Literacy as a ‘psychological skill’: refers to aspects or representations that
focus principally on internal dimensions: cognitive advances, mental processing,
literacy as expressed via thought, internal dialogue or individual expression. The
underlying conception of literacy is one that sees it as the development of
individual skills and expectations.
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Literacy outcomes
Reading: the act of bringing meaning to print.
Reading comprehension: the interaction between the reader and a text in which
meaning is created.
Phonological awareness: understandings related to the sounds of words,
including knowledge of rhyme, the ability to segment words and blend a
sequence of sounds to produce a word (pre-reading understandings).
Writing: the structure and expression of compositions.
Spelling: orthographic representation of phonemes, morphemes and words; that
is, the correct sequence of letters for the smallest units of sound and meaning
and of words.
Effect size: a standardised measure that allows studies using different outcome
measures to be compared using the same metric (i.e. the mean difference
between groups divided by a pooled standard deviation).
By ‘English’ we mean, for the purposes of this review, English as a first or
second (or additional) language learnt as a medium of instruction in school or
spoken and written at home (and, for example, encountered on the internet) – not
as a ‘foreign’ language in, for example, a Modern Foreign Languages
department. In terms of commonly used abbreviations, we include ESL (English
as a second language) and EAL (English as an additional language), but exclude
EFL (English as a foreign language).

1.3 Policy and practice background
The use of ICT to increase literacy learning
The use of ICT in schools to support literacy learning is pervasive. Successive
governments have, since the mid-1980s, invested large amounts of resources to
develop ICT in schools, including more than £1 billion in the last five years in the
UK. However, little robust evidence has been used to underpin this use of ICT.
Recent UK government policy on ICT is supported by five research reports from
the British Educational Communications and Technology Agency (BECTa, 1998;
BECTa, 1998-9; BECTa, 2001a; BECTa, 2001b; BECTa, 2002). All five reports
asserted that Government investment in ICT is justified in terms of its impact on
pupil achievement.
In the most recent report (BECTa, 2002) the aim was to investigate the
associations between ‘high’ and ‘low’ use of ICT (networked technologies) and
the educational attainment of pupils at key stages. There was a positive
relationship for ‘high’ ICT and pupil attainment in twelve out of thirteen
associations (various subjects at different key stages) but in most cases this
association was not statistically significant (seven out of twelve associations) and
those associations that were statistically significant typically observed only very
small effects. A critical examination of the methods and data presented in the
BECTa reports does not consistently support the conclusions drawn by the
government policy documents. Indeed, some of the data can be interpreted as
showing that ICT is ineffective or harmful. In addition, the evidence presented in
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the ImpaCT report (BECTa, 2002) was based on observational data. It would not
have been possible to establish a causal relationship between the level of ICT
use and the educational attainment of the pupils because the observed effects
could have been due to other known or unknown variables.
This absence of evidence for benefit in the UK was supported by a more recent
evaluation of the introduction of computers in to Israeli schools (Angrist and Lavy,
2002). This study not only found an absence of benefit in Hebrew literacy but
also noted a statistically significant decline in standards of mathematics. The
Israeli authors, unsurprisingly, concluded that the large financial investment
would have been better spent on other educational inputs.
Whilst the BECTa and Israeli data were consistent in showing either no evidence
of benefit or potential harm of ICT, they were not from randomised trials and were
therefore susceptible to a range of biases that could make their results unreliable.
To assess reliably the effects of ICT on literacy or any educational outcome
requires an analysis of randomised controlled trials.

1.4 Research background
A study from the first year of the current project (Andrews et al., 2002) – a
mapping exercise on the impact of ICT on literacy learning and an in-depth
review of the impact of networked ICT on literacy for 5-16 year olds – identified
188 papers published since 1990 that examine the impact of ICT. Most of these
originated from the US, though a significant minority arose from research in the
UK, Canada, Australia and New Zealand. Of the total, 67 percent were set in
primary/elementary schools (especially in the 7-11 age range), with about 44
percent set in secondary/high schools with some studies conducted in both types
of setting. About two-thirds of the studies assumed a psychological
representation of literacy; that is, they assumed that literacy development was an
individual matter concerned with writing and reading processes. One-third
adopted a more sociological conception of the practice; that is, one that assumes
that literacy development is a matter of the academic and social communities in
which you learn. Of the 188 studies, 57 percent were focused on writing,
graphical or pictorial production, whereas 46 percent had an interest in reading.

Empirical research
Andrews et al. (2002) identified five systematic reviews in the field of ICT and
literacy (Bangert-Drowns, 1993; Blok et al., 2001; Fulk and Stormont-Spurgin,
1995; MacArthur et al., 2001; and Torgerson and Elbourne, 2002). These
reviews all used a systematic strategy to identify their included studies. All five
reviews synthesised research in various aspects of literacy: spelling (Fulk and
Stormont-Spurgin, 1995; Torgerson and Elbourne, 2002), writing (BangertDrowns, 1993), or verbal and vocabulary development (Blok et al., 2001). In
some of the reviews, the included studies focused on participants with specific
learner characteristics; for example, pupils experiencing learning disabilities (Fulk
and Stormont-Spurgin, 1995; MacArthur et al., 2001). Most of the reviews
included papers of all study types (Fulk and Stormont-Spurgin, 1995; MacArthur
et al., 2001), whilst others were restricted to experimental research: that is,
randomised controlled trials or RCTs and CTs (Blok et al., 2001, Bangert-Drowns,
1993; Torgerson and Elbourne, 2002). Not all the systematic reviews included
detailed assessment of the quality of the included studies (Fulk and StormontSpurgin, 1995).
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Fulk and Stormont-Spurgin (1995) reviewed published research on spelling
interventions for pupils with learning disabilities. They reviewed the effectiveness
of four techniques for improving spelling, one of which was computer-assisted
instruction (CAI), comprising nine studies. The authors of the review concluded
that eight out of the nine studies in CAI reported positive effects for CAI.
However, only two out of these nine included studies used an experimental
design with random or non-random allocation to intervention (CAI) or control
(traditional paper-and-pencil methods). The positive effects reported in the seven
one-group studies could have been explained in ways other than by any casual
relationship with ICT. These other explanations include the statistical
phenomenon of regression to the mean, where ‘extreme’ values either improve or
decline, depending on which extreme of a distribution they lie; the Hawthorne
effect, where merely the act of observation provokes a beneficial response; or
temporal effects, whereby children tend to improve their spelling abilities,
irrespective of any intervention over the course of time.
In contrast, a more recent systematic review and meta-analysis of only
randomised controlled trials evaluating the effectiveness of ICT interventions in
the teaching of spelling (Torgerson and Elbourne, 2002) suggested at best only a
modest effect in favour of computer interventions on spelling. This benefit was not
statistically significant.
Blok et al. (2001) investigated whether or not computers enabled young children
to learn vocabulary more effectively than traditional teacher-led approaches. This
‘effectiveness’ review restricted inclusion by study type and therefore only studies
with an experimental design were reviewed. In addition, the authors implemented
fairly rigorous inclusion and exclusion criteria. Five studies were included, only
one of which demonstrated a positive effect for the computer condition. The
review included a discussion of the quality of the five studies and concluded that
there was little difference in effectiveness in vocabulary acquisition by computer
or by teacher.
MacArthur et al. (2001) reviewed published research on the use of ICT to teach
or support literacy in populations of students ‘with mild disabilities’. They
reviewed research in technology and three literacy areas: word identification,
reading comprehension and writing. This review included only studies with either
an experimental design or studies where quantified learning outcomes were
reported. The authors concluded that ‘cautious optimism’ was justified about the
technology potential to improve the literacy skills of students with learning
disabilities. However, they also concluded that the methodological quality of the
included studies was mixed and they outlined a number of methodological
problems with some of the included studies, for example ill-defined or weak
control group treatments, insufficient information about the characteristics of the
sample and small sample sizes.
Bangert-Drowns (1993) conducted a meta-analysis of 32 studies, using an
experimental method (with random or non-random assignment to treatment
group) to evaluate the effectiveness of using the word-processor to write
assignments. Each included study compared two groups of students who
received identical instruction in writing apart from the medium used for the writing
process (word-processor or by hand). Each study also measured treatment
outcomes quantitatively. However, it is not possible to distinguish the
randomised controlled trials from the controlled trials in the analysis and sizes of
effect could not be calculated for all the trials. The included studies were
published between 1983 and 1990, and only about half of them were conducted
with populations of students between the ages of 5 and 16. Seventeen studies
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were conducted in college settings. The author concluded that the word
processing groups (especially the weaker writers) improved the quality of their
writing more than the control groups.
The evidence to date on the effectiveness of ICT on literacy learning is, therefore,
equivocal. In summary, whilst there have been some systematic reviews relevant
to the policy question of whether ICT is effective in improving literacy outcomes,
the extant reviews were either insufficiently rigorous in that they included nonrandomised or poor quality trials, or they focused on one aspect of literacy.
There was, therefore, a need for a systematic review of recent ICT effectiveness
evidence on all aspects of literacy.

1.5 Authors, funders and other users of the review
Richard Andrews is the Co-Ordinator of the English Review Group. His
immediate team consists of Carole Torgerson (Research Fellow at the University
of York) and Alison Robinson (Research Secretary for the Review Group), Sue
Beverton (University of Durham), Jenny Leach (Open University), Andrew Burn
(Institute of Education), Graham Low (University of York, Language Teaching
Centre), Terry Locke (University of Waikato, New Zealand) and Die Zhu
(University of York), who each took responsibility for sub-reviews; they also read
interim drafts, attended training and acted as a project team in the creation of the
review. During the mapping exercise, Torgerson managed/administered the
process, with team members contributing. During the writing-up of the review
(undertaken on two levels: the writing-up of the overall descriptive map of the
overarching review, co-ordinated by Torgerson, Robinson and Andrews, and the
composition of chapters for the RoutledgeFalmer book, co-ordinated by
Andrews1), team members played a more individual role, while maintaining the
collective critical eye on the development of the material.
Reference was made to our international colleagues, Wendy Morgan and Eileen
Shakespeare. Nancy Rowland advised from a NHS CRD perspective; Diana
Elbourne and Katy Sutcliffe from the EPPI-Centre, acted as independent
reviewers for sets of the abstracts and sample papers at the mapping,
keywording and the data-extraction stages.
The above are all members of the English Review Group, which also consists of
Nick McGuinn (University of York), Maggie Snowling and Peter Hatcher (both at
the Department of Psychology, University of York), James Durran (Parkside
Community College, Cambridge) and Gloria Reid (City of Kingston-upon-Hull
Education Services). More achieved drafts of the emerging review – and any
other questions that arose in the process of reviewing and writing – were
presented to this Advisory Group, both at and between formal English Review
Group meetings. The Advisory Group contains members representing ‘user
groups’: for example, Gloria Reid for primary schooling and the education
advisory services, James Durran from secondary schooling, and Nancy Rowland
as parent governor of both a primary and secondary school2.

1 RoutledgeFalmer have commissioned a book from the Review Group, edited by
Andrews with contributions by Beverton, Burn, Die, Elbourne, Leach, Locke, Low, Rees
and Torgerson. The book, provisionally entitled The Impact on ICT on Literacy Education,
was submitted in July 2003 and will be published in 2004.
2 Almost all members of the Advisory Group are parents of school-age children.
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In our first in-depth review, users were involved in determining the topic to review,
commenting on the protocol, commenting on drafts of the report, disseminating
the results of the review (most notably at the launch of the first reports in June
2002) and in writing user summaries. In this present in-depth review such
involvement has continued. In addition:
•
•
•
•
•

Users on the advisory group have commented, and will continue to do so, on
the emerging sub-review.
They will take a more proactive role in disseminating the results of the review.
Discussion of the draft conclusions and of the methodology of the review took
place with senior figures at the Teacher Training Agency in a meeting in York
in June 2003.
We will hold a meeting early in 2004 with teachers, parent governors, LEA
advisers and others to disseminate the findings of the review and to receive
critical feedback.
Students in initial teacher education will be invited to our dissemination
meeting to provide critical feedback

User summaries will be commissioned once the review is completed. These will
be from a policy-maker, parent governor, teacher and students, as in the first
review. These summaries will be published on REEL, disseminated at
conferences and through the communication networks of the different
constituencies (e.g. governors’ newsletters).

1.6 Review question
The research question for this sub review (for both the ‘effectiveness’ map and indepth review) was as follows:
What is the evidence for the effectiveness of ICT on literacy learning in
English, 5-16?
This research question was developed because, despite huge investment by this
and previous governments in the use of ICT in schools generally in the UK, and
with a view to improving literacy learning in particular, to date no generic
systematic review to examine the effectiveness or otherwise of ICT on literacy
learning in English has been undertaken. Specifically, no systematic review of
effectiveness has reviewed studies in all aspects of literacy learning, with diverse
learner characteristics but focused exclusively on the most appropriate study
design for judging effectiveness – the randomised controlled trial (RCT). This
study design is the most appropriate for judging effectiveness because it is the
only experimental design that can control for all known and unknown extraneous
variables, and for regression to the mean effects commonly observed in
uncontrolled study designs.
The review is delimited by the following:
Initially, we confined our searches to English in the curriculum from ages 5 to 16.
In order to delimit the scope of the review further, and because of the rapidly
changing nature of ICT, we focused on research published since 1990, the
beginning of the decade in which the Internet became widely used and in which
schools began to use it in significant numbers.
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1.7 Structure of the review
The structure of this review is unusual in that it includes a two-stage ‘mapping’
process, followed by an in-depth review.
In the descriptive map of the overarching review, the process of identifying,
including and characterising the studies for the systematic review of the impact of
the ICT on literacy learning is described. In the effectiveness map, the process
of identifying, including and characterising the studies for the systematic review of
the effectiveness of ICT on literacy learning is described. For the in-depth
effectiveness review, the inclusion criteria were refined to identify a sub-section
of RCTs to address the effectiveness question.
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2. METHODS USED IN THE REVIEW
2.1 User-involvement
User-involvement took place throughout the process of systematic reviewing in
the following ways. First, the English Review Group’s Advisory Group
determined the topic for the review; second, it commented on the draft protocol;
third, it commented on the map of studies, advising which particular sub-areas of
ICT and literacy were most appropriate for in-depth review; and fourth, it
commented in the draft, in-depth review report.
A group of students, teachers, LEA advisory teachers, parents, researchers and
governors will be invited to a colloquium to discuss the final draft of the report as
part of a dissemination strategy.
A dissemination strategy for the project as a whole was developed in consultation
with the parent governor/Director of Dissemination for NHS CRD.

2.2 Identifying and describing studies
2.2.1 Defining relevant studies for the descriptive map of
the overarching review: inclusion and exclusion criteria
In order to be included in the mapping section, studies had to meet the following
inclusion criteria:
•
•
•
•
•
•
•
•
•

They had to be one of the following study types: an exploration of
relationships, an evaluation (naturally occurring or researcher manipulated) or
a systematic review.
They had to have as their main focus ICT applications to literacy
development.
They had to focus on literacy learning and teaching in schools and/or homes.
They had to be about the impact of ICT on literacy development.
They had to be published in English, in the period 1990 to 2002.
They had to look at literacy and ICT in English-speaking countries.
They had to be a completed study.
They had to be studies whose participants/study population includes children
of the ages 5 to 16, and young people.
They could not be opinion pieces or studies of other excluded study types.

The English Review Group working document for the inclusion and exclusion of
potentially relevant studies (see Appendix 2.1) was updated to reflect the
changes made to the keywording sheets, both generic and review-specific (see
Appendices 2.3 and 2.4) since the 2000-2002 review. In terms of the generic
keywording sheet, the main differences for 2002-2003 are the changes made to
question 10 on study type. In terms of the review-specific keywording sheet, the
main differences for 2002-2003 are the streamlining of the literacy, learning and
ICT focus keywords (question 12), and the inclusion of a glossary sheet to clarify
definitions for all the review-specific keywords (see Appendix 2.5).

A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16

17

Chapter 2: Methods used in the review

2.2.2 Defining relevant studies for the ‘effectiveness map’:
inclusion and exclusion criteria
As the focus of the review was ‘effectiveness’, studies using rigorous study
designs to assess effectiveness were required: this implies the identification of
relevant randomised controlled trials (RCTs). The RCT is an experimental design
that provides a way of reducing the risk of selection biases at entry to a study. In
an RCT, participants are randomly allocated to the interventions being evaluated.
Typically, a participant will be allocated to the new intervention (so-called
experimental group) or allocated to whatever is the usual practice (the control
group). There are many variants to this design; for example, allocating the
participants to receive the new intervention either straight away or later (a waiting
list design), or to receive both the new and the old intervention but in different
randomised sequences (reversal or cross-over design), or allocating groups or
clusters (usually intact classes or schools in the educational field). However, the
essence of this design and all its variants is the random allocation. If participants
are allocated on any other basis, one cannot be sure whether (except for chance
differences) the experimental and control groups were similar before receiving (or
not receiving) the intervention, and therefore it becomes impossible to
disentangle the effects of the intervention from the characteristics of the people
being allocated to the intervention. Techniques can be used to attempt to control
for the potential confounding from known variables, but they cannot adjust for
unknown variables. Thus, non-randomised designs cannot be certain to
generate groups which do not differ (except by chance) in either known or
unknown factors, and hence these designs always have the potential that
selection biases may make comparisons between the two groups about the effect
of the intervention uncertain. As well as controlling for confounding due to
selection bias, randomisation also controls for the statistical phenomenon of
regression to the mean. Regression to the mean occurs when extreme test
results occur partly by chance. Extreme results, such as low test-scores, will tend
to ‘regress to the mean’ on re-testing irrespective of any intervention. Because
randomisation ensures that equal proportions of children with ‘extreme’ test
results are present in each group, regression to the mean will affect all treatment
groups equally and the change in test scores due to this phenomenon will be
cancelled out. Therefore it is important that, for this review, studies were only
included if they randomly allocated pupils to an ICT or no ICT intervention for the
teaching of literacy.
The superiority of the RCT over other research designs for assessing
effectiveness has been recognised in the field of social policy innovations for a
considerable time (Cook and Campbell, 1979; Cook, 2002). Although the RCT
addresses the issue of selection bias, it is also statistically a more efficient
method than other quasi-experiments. An analysis of 74 meta-analyses of
psychological, educational and behavioural interventions revealed that, although
in these fields the average effect sizes did not differ between ‘true’ and ‘quasi’
experiments, the standard deviation was much larger for the non-randomised
experiments (Cook, 2002; Lipsey and Wilson, 1993, p.1192). In other words, the
randomised experiments were more efficient than controlled trials in their probing
of causal hypotheses (Cook, 2002). In addition, one-group pre-test and post-test
designs for assessing the effectiveness of interventions overestimate the size of
the effects by up to 61 percent compared with evaluations using designs that
employ a control or comparison group (Lipsey and Wilson, 1993, p.1193;
p.1197).
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Given the importance of the RCT, this systematic review sought to identify all
RCTs that evaluate interventions using ICT to increase literacy learning in order
to assess whether or not ICT is effective in improving literacy learning.

2.2.3 Identification of potential studies for the descriptive
map of the overarching review: search strategy
The potential studies for this review were identified through an updating of the
original electronic searches and handsearches. In August 2002, Julie Glanville
(NHS CRD at the University of York) re-ran the electronic searches on PsycINFO,
ERIC, BEI, SSCI, SIGLE, C2-SPECTR and Dissertation Abstracts using the
original search strategies (see Appendix 2.2). In addition, members of the
Review Team and Advisory Group who handsearched key journals in the field for
the 2001-2002 review undertook handsearching of the same journals for the
period July 2001-October 2002 in order to identify any other potentially relevant
studies not retrieved through the updated electronic searches. All potentially
relevant studies were sent for.

2.2.4 Identification of potential studies for the effectiveness
map: search strategy
In their systematic review, Andrews et al. (2002) mapped the research on the
impact of ICT on literacy learning in English, 5 to 16. The relevant research was
searched for, located, sent for and mapped for the years 1990-2001. Research
studies were identified, screened and keyworded with respect to the research
question of the impact of ICT on literacy learning (5 to 16) in general. Studies
were keyworded according to study type. A research question looking at the
effectiveness of ICT on literacy learning would therefore include studies
keyworded as ‘RCTs’. After updating searches to locate any further relevant
studies that were undertaken after 2001 and re-keywording using the EPPICentre core keywording strategy (EPPI-Centre, 2002a), the keyword ‘RCT’ was
used to identify any RCTs from the updated database.

2.2.5 Screening studies for the descriptive map of the
overarching review: applying inclusion and exclusion
criteria
The updated database for 2002-2003 that included potentially relevant studies
published after October 2001 was screened by a member of the Review Team
(CT), using titles and abstracts and the updated working document with inclusion
and exclusion criteria. Any potentially relevant studies were sent for through
library interlending. Finally, the original database was merged with the updated
database.

2.2.6 Screening studies for the effectiveness map: applying
inclusion and exclusion criteria
All studies keyworded as RCTs were re-screened to check that they were
individual or cluster RCTs and fulfilled the inclusion criteria for the systematic
map. They were then included in the map.
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2.2.7 Characterising included studies in the descriptive
map of the overarching review: EPPI-Centre and reviewspecific keywording
All the studies included in the original database from the review of 2001 were rekeyworded by members of the Review Team using the new guidelines from the
EPPI-Centre (EPPI-Centre, 2002a). The studies retrieved for the updated
database were keyworded by a member of the Review Team (CT), with
assistance from other members of the Review Team and the EPPI-Centre where
there was any doubt about keywording. The database was fully annotated with
the keywords (AR). For pragmatic reasons, the database for 2002 was closed on
November 30th 2002. Any studies received after that time will be included in the
next update.

2.2.8 Characterising included studies in the effectiveness
review: EPPI-Centre and review-specific keywording
The included RCTs were characterised using the EPPI-Centre (Appendix 2.3)
and review-specific (Appendix 2.4) keywords. Using these keywords, the
effectiveness map was drawn. It focused on origin of RCT, country of study,
learner characteristics, literacy focus and ICT intervention.

2.2.9 Identifying and describing studies in the descriptive
map of the overarching review: quality assurance process
For the purposes of quality assurance, two members of the Review Team (RA
and SB) and one member of the EEPI-Centre (DE) screened a random sample of
10 percent of the studies in the updated database. Screening was undertaken
independently, using the inclusion/exclusion criteria working document (Appendix
2.1). After double-screening, the inter-rater reliability scores between CT and RA;
CT and SB; and CT and DE were calculated using the Cohen’s Kappa. For the
purposes of quality appraisal, a random sample of 18 papers was double rekeyworded by two members of the EPPI-Centre (DE and KS).

2.2.10 Identifying and describing studies in the
effectiveness map: quality assurance process
Two reviewers (CT and DZ) independently re-screened the studies retrieved from
the database and then compared results. In cases where there was
disagreement, a member of the EPPI-Centre was asked to advise (DE).

2.3 In-depth review
2.3.1 Moving from broad characterisation (effectiveness
mapping) to effectiveness in-depth review
Although the research question was identical for both the effectiveness map and
the in-depth review, the inclusion criteria were more rigorous for the in-depth
review. For a paper to be included in the in-depth review, it had to be to be a
study looking at the effect of ICT on the teaching of literacy to children in a school
setting. Control treatments could take any form, such as routine classroom
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teaching, or other non-computer teaching. However, in order to investigate the
effectiveness of ICT on literacy learning, included studies had to have an
appropriate non-ICT control group that isolated the medium of instruction as the
independent variable. Studies that did not explicitly have a control group that
was not exposed to ICT were excluded. Included RCTs had to have a literacy
intervention (students were exposed to an intervention that aimed to increase
reading, writing or spelling abilities), and at least one quantified literacy outcome
measure (reading, writing, spelling). If RCTs did not have both a literacy
intervention (reading, writing, spelling) and at least one literacy outcome measure
they were excluded.
For this review, studies were therefore only included if they randomly allocated
pupils to an ICT or no ICT treatment for the teaching of literacy. Both individually
randomised trials and cluster randomised trials were included, but cluster trials
were only included if each arm contained more than four clusters (Ukoumunne et
al., 1998), and if the unit of analysis was at the cluster level (not the individual
level); that is, if there was no unit of analysis error. Because this review is an
effectiveness review it was necessary to look at the effect sizes (with confidence
intervals) in the primary studies. If the authors did not present effect sizes, or if
the reviewers were unable to calculate the effect sizes, a RCT was excluded.
Essentially this means that the study had to report either means of post-tests or
mean gain scores, numbers of participants in the intervention and control groups
and the standard deviations of the mean scores, or the means and numbers of
participants in each group and either a t-value or precise p value in order that the
reviewers could calculate the standard deviations. RCTs were included if they
presented sufficient data. It was decided not to reanalyse poorly analysed cluster
trials and not to approach authors of RCTs for further data.
Summary of inclusion and exclusion criteria are given below.

Inclusion criteria
•
•
•
•

•

Must be a randomised controlled trial (individual or cluster with sufficient
clusters)
Must have an appropriate non-ICT control group
Must include a literacy based intervention (reading, writing or spelling)
Must include at least one quantified literacy outcome measure (reading,
writing, or spelling test or curriculum-based assessment)
Must include sufficient data in order that reviewers can calculate effect sizes
(either means of post-tests or mean gain scores with numbers and standard
deviations in both intervention and control groups or means and numbers and
either a precise p value or t value)

Exclusion criteria
•
•
•

•

No appropriate non-ICT control (exclusion 1)
No literacy outcome measure (exclusion 2)
No data or insufficient data (exclusion 3)
Too few clusters in cluster randomised trial (exclusion 4)

2.3.2 Detailed description of studies in the effectiveness indepth review: EPPI-Centre and review-specific dataextraction
Data-extraction was undertaken by two reviewers. The included RCTs were
data-extracted and quality appraised using the EPPI-Centre Guidelines (EPPIA systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16
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Centre, 2002b). Any disagreements between the reviewers were discussed and
resolved. In addition, because this is an effectiveness review and meta-analyses
of effect sizes were calculated in order to judge the effectiveness of various
interventions, outcomes data were extracted from all the RCTs. This was
undertaken by two reviewers. Any disagreements were discussed and resolved.
Any included RCTs that were data-extracted for the 2001-2002 review on
networked technologies (Andrews et al., 2002) were re-data-extracted according
to the new guidelines for this review.

2.3.3 Assessing quality of studies and weight of evidence
for the review question
EPPI-Centre Guidelines as set out in section 7 of the revised data-extraction tool
(September 2002) were used to gauge the weight of evidence an individual study
brought to the review. The methodological quality of each trial (A) was reviewed
in terms of how well it was executed. In addition, each trial was assessed for how
much weight of evidence it provided for the specific review, in terms of (B) the
appropriateness of research design for the review question, and (C) the
relevance of the study for the review question. Finally, on the basis of judgments
about (A), (B) and (C), and an overall weight (D) was ascribed to each
randomised trial. The weight of evidence assessments were taken into
consideration in both the narrative syntheses and the meta-analyses. Only
studies assessed as ‘medium’ or ‘high’ on overall weight of evidence were
included in the syntheses.

2.3.4 Synthesis of evidence
A narrative synthesis of the included trials was undertaken. The conceptual
framework which formed the basis of the synthesis focused firstly on different ICT
interventions and secondly on different literacy outcomes. This resulted in two
approaches to synthesizing the evidence:
(1) Interventions: an analysis of the effectiveness of different types of ICT
interventions on a range of literacy outcomes
(2) Outcomes: an analysis of the effectiveness of different types of ICT on
specific literacy outcomes
In the first synthesis, the effectiveness of the different types of ICT interventions
was established by a standard measure of effect for the range of literacy
outcomes in the included trials (effect size). An effect size is a standardized
measure that allows studies using different outcome measures to be compared
using the same metric (i.e. the mean difference between groups divided by a
pooled standard deviation). In order to present these effect sizes, the most
appropriate literacy outcome measures at immediate post-test were selected.
These outcomes were chosen by the author of the review (CT), with advice from
other reviewers involved in the data-extraction and quality assessment of the
included trials (DZ, DE and KS). If a ‘total’ reading, writing or spelling test was
used in addition to a variety of subtests, the ‘total’ test was selected. If a number
of ‘total’ tests were used, the outcome selected was the one felt to have the most
important educational significance. The most appropriate outcome measures for
reading were reading comprehension and accuracy. For writing, the most
appropriate measures were holistic scoring (quality of writing) and word-count
(quantity of writing). For spelling, the outcome measure selected was spelling
accuracy on a selection of words taught in the intervention. For phonological
awareness, the outcome measure selected was total score on phonological
A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16

22

Chapter 2: Methods used in the review

awareness test. Where there were two outcomes of equal importance, both
effect sizes were calculated for the syntheses.
In the second synthesis, the effectiveness of different types of ICT on three
specific literacy outcomes (reading, writing, spelling) was established through a
narrative synthesis and a series of meta-analyses where appropriate.

Statistical synthesis of outcomes (meta-analysis)
A meta-analysis essentially adds a number of studies together using a statistical
method that gives the greatest weight to the studies with the smallest standard
errors, which usually means the largest studies. We pooled some of the studies
in a series of meta-analyses that investigated effectiveness in different aspects of
ICT and literacy.
The formulae for the meta-analysis statistics can all be found in Deeks et al.
(2001) (see Appendix 2.6).

Weight of evidence
The EPPI Guidelines were used to establish the relative ‘weight of evidence’ that
was ascribed to each included trial. This information was taken into account in
both the narrative syntheses and the meta-analyses.

Publication bias
One source of bias for systematic reviews is through publication bias. If studies
showing a positive (beneficial) effect are more likely to be published than
negative or inconclusive studies, this will give a biased estimate of effect. One
method of determining the existence of publication bias is to draw a funnel plot.
This plots the effect size of a study (on the x-axis) against its sample size (on the
y-axis). Very small studies will have a high probability of showing an inconclusive
effect even if the intervention is effective, just as they will have a raised
probability of showing a positive effect if the intervention is ineffective. If there is
no publication bias, small studies should be scattered along the x-axis, with the
larger trials being situated closer to the true estimate of effect (as they are less
subject to variability). A funnel plot was drawn to investigate whether or not there
was any publication bias in research in the effectiveness of ICT on literacy
learning.

2.3.5 Effectiveness in-depth review: quality assurance
process
Two reviewers independently screened all included RCTs and coded them for
inclusion or exclusion using the four exclusion criteria (CT and DZ).
Quality assurance of data-extraction and quality assessment of the included
RCTs were provided by the data-extraction undertaken by DE and KS from the
EPPI-Centre. In addition, DE and KS read and commented on emerging drafts of
the review.
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3. IDENTIFYING AND DESCRIBING STUDIES:
RESULTS
3.1 Studies included in descriptive map of overarching
review from searching and screening
Table 3.1 illustrates the process of identifying, obtaining and describing reports
for the current review. A revised version of the mapping study retrieval process
reported in Andrews et al. (2002) is shown in column one. The revisions were the
result of further de-duplication of the database (four papers deleted), annotation
of reports received outside the review’s original timeframe (n = 8), and rekeywording of included reports in accordance with EPPI’s Revised Guidelines
(EPPI-Centre, 2002a), which led to further exclusions (n = 8). In addition, five
papers originally excluded at the second stage were included in the current
review following re-keywording. Column two shows the mapping study retrieval
process for those additional reports identified by an update of the electronic and
handsearches. The final column merges the original mapping study retrieval
process with the update to show the process of retrieval of the reports in the
mapping study for the current review.
A total of 2,319 potentially relevant reports were identified for the current review.
Of these 2,319 reports, 1,891 (just over 81%) were excluded by screening titles
and/or abstracts and 428 were sent for. Of these, 34 (fewer than 8%) were not
received within the timeframe of the review or were unavailable. A reading of the
full paper resulted in the exclusion of a further 182 reports, leaving a total of 212
reports that met the criteria for inclusion in the mapping study. Each report
contains only one study, with one exception: Matthew (1997), which contains two
studies, a controlled trial and a randomised controlled trial. Only one study is
reported in two reports: Matthew (1996) and Matthew (1997), both of which report
the same randomised controlled trial. Therefore 212 reports containing 212
studies were included in the descriptive map. This information is presented in
Figure 3.1.
Table 3.1: The process of retrieval of the reports in the mapping study
Andrews et al.,
Review
Current
2002 (revised)
update
review
Total number of 'hits'
Met mapping study inclusion
criteria on the basis of the title or
abstract
Not received or unavailable
Full reports available
Full reports that did not meet
mapping study inclusion criteria
Met mapping study inclusion
criteria and keyworded

1,867

452

2,319

358

70

428

22

12

34

336

58

394

159

23

182

177

35

212
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Figure 3.1: Filtering of papers from searching to map to synthesis – generic review
*Criteria for exclusion are not mutually exclusive

1. Identification of
potential studies

Papers identified through
electronic and handsearching
N = 2,319

Criterion 1*:
N = 1,067

One-stage
screening
N = 57

Two-stage
screening
N = 2,262

Criterion 2*:
N = 106
Criterion 3*:
Papers
excluded
N = 1,891

N = 97
Criterion 4*:
N = 579

2. Application

Potential includes
N = 428

Papers not
obtained
N = 34

Criterion 5*:
N =134

of
inclusion/
exclusion
criteria

Criterion 1*:

Full
document
screened
N = 394

Papers
excluded
N = 182

N = 24
Criterion 2*:
N = 31
Criterion 3*:

3. Characterisation

Systematic map
studies included
N = 212

In map but
excluded
from indepth
reviews
N = 133

N = 12
Criterion 4*:
N = 102
Criterion 5*:

4. In-depth reviews

In-depth reviews
studies included:
Effectiveness N = 45*
Moving Image N = 12
Literature N = 12
ESL/EAL N = 10

N = 15

*This refers to the number of studies in the generic review keyworded 'RCT' and therefore
included in the effectiveness map. The effectiveness review covers 12 of the 45; see
section 3.4 and Figure 4.1.
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Table 3.2 presents the origin, by database or other method of retrieval, of all the
212 reports (containing 212 studies) included in the mapping study. It also shows
the process of retrieval for each database.
The great majority of the reports found to meet the mapping study’s inclusion
criteria (185: 88%) were found with the database searches. Handsearching
found an additional 22 (11%). The checking of citations (systematic review
bibliographies and citations in the text of full reports) and reviewers’ searches of
their own shelves identified a further four and one relevant report respectively.
No reports were identified solely through C2-SPECTR or web page searches.
Table 3.2: Origin of reports in the mapping study
Found

Included

PsycINFO

849

97

ERIC

880

62

BEI

295

20

SSCI

59

2

Cochrane

26

0

SIGLE

48

2

C2-SPECTR

49

0

DisAbs

56

2

Handsearch

43

22

Citation

8

4

Website

3

0

Contact

3

1

Total
2,319
212
Note: Reports could originally have more than one origin but a hierarchy of
databases and other sources was created resulting in each category being made
mutually exclusive.

3.2 Characteristics of the included studies: the impact of
ICT on literacy learning in English for 5-16 year olds
The remaining tables in this section present analyses of the included and
keyworded studies contained in the 212 reports. All the percentages are based
on these 212 reports.
Table 3.3 shows the number and proportion of studies according to the country in
which they were conducted. Most (63%) were conducted in the US. A total of 39
(18%) were from the UK. In three cases (2%), it was not possible to determine
where a study had taken place. These figures may reflect bias within the
bibliographic sources searched towards reports published within the North
America, Australasia and the UK.
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Table 3.3: Study country
Number
USA

134

UK

39

Australia

17

Canada

15

New Zealand

2

Sweden

1

Netherlands

1

Not stated
Note: All studies were conducted in one country only.

3

Table 3.4 describes the educational setting for the studies. A study could be
conducted in more than one setting. Primary education was the most frequently
studied; 66 percent of reports look at this kind of setting, compared with 34
percent that look at secondary settings. A total of 32 studies were conducted in
both primary and secondary settings. Thirty studies were conducted in other
settings, including independent schools, special schools and the home.
Table 3.4: Educational setting
Number
Primary education
Secondary education

140
74

Other
30
Note: A single study could be conducted in more than one type of educational
setting.
Table 3.5 presents the number of studies that conceptualised literacy in
psychological and/or social/cultural/critical terms and the number that focused on
reading and/or writing. Of the studies identified, about two-thirds (62%) assume a
psychological representation of literacy. A third (34%) adopt a more sociological
conception of the practice. Two-thirds (62%) focus on writing, graphical or
pictorial production, whereas half (50%) have an interest in reading. Studies
could have more than one focus with respect to both of these dimensions of
literacy. For both dimensions, there were a number of studies where reviewers
were unable to categorise the aspect of literacy under study.
Table 3.5: Principal aspect(s) of literacy
Number
Conceptualisation of literacy
Psychological aspects or representations
Social representations and/or cultural/critical
representations
Unclear

131
73
21

Reading/writing
Writing print and graphical or pictorial representation

131
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Number
Reading print and graphical or pictorial
106
representation
Unclear
5
Note: Studies could theoretically focus on two to four of these aspects of literacy.
Table 3.6 shows the overall distribution of reports according to study type. Most
(179) of the 212 reports meeting the inclusion criteria for the mapping study were
evaluations; 169 of these were where the intervention was researchermanipulated and 10 were where the intervention was naturally occurring. Of the
169 evaluations with researcher-manipulated interventions, 45 were RCTs, 84
were trials and 41 were other types of evaluation. One report contained both an
RCT and a non-randomised controlled trial.
Table 3.6: Study type
Number
Evaluation: researcher-manipulated

170

RCT

45

Trial

85

Other

41

Evaluation: naturally occurring

10

Exploration of relationships

28

Description

3

Review

6

Systematic review

5

Other review
Note: Studies could be defined as more than one type.

1

The type of ICT focused on by the identified studies is illustrated by Table 3.7.
This shows the relative popularity of ‘stand-alone’ ICT as a topic of study in
comparison with networked ICT systems. The use of email was studied more
frequently than internet use.
Table 3.7: Type of ICT
Number
Computer – stand alone (software)

191

Computer – networked (email and/or internet)

24

Computer – networked (email)

20

Computer – networked (internet)
Note: Studies could focus on more than one aspect of ICT.

11

Table 3.8 illustrates the process of identification by keyword of reports for
inclusion in the four specific, in-depth sub-reviews introduced in the Background
section of the Summary chapter at the beginning of this review. Each report was
subject to the inclusion/exclusion criteria of the specific in-depth review for which
they were identified. This process is described in the individual sub-review
reports.
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Table 3.8: Identification of reports for inclusion in the specific in-depth reviews
Total reports
Keyword
RCT

45

Moving image

12

Literature

12

ESL/EAL
10
Note: Reports could be included in more than one in-depth review.

3.3 Identifying and describing studies in the descriptive
map of the overarching review: quality assurance results
Screening
The inter-rater reliability score between CT and RA was 0.65 (good); the interrater reliability score between CT and SB was 0.39 (fair); and the inter-rater
reliability score between CT and DE was 0.36 (fair). CT and RA were initially less
inclusive, possibly because of greater experience of screening educational
databases. SB and DE were consistently more cautious in excluding papers in
the initial screening, including papers where there was any doubt.

Keywording: EPPI-Centre generic keywording sheet
Inter-rater agreement was very high. Out of a total possible 180 ‘keywords’,
disagreement occurred in only 30 keywords (i.e. 16.7%). Most of these
disagreements (19) were in the area of study topic (keyword 6) where the EPPICentre members were consistently more inclusive. Initially, the EPPI-Centre
members included more than one study topic for some studies, for example
‘curriculum’ and ‘teaching and learning’. Review Team members coded all 18
papers as ‘curriculum’. The two EPPI-Centre members coded these 18 papers
as ‘curriculum’ but in all cases also coded them as ‘assessment’ and/or ‘teaching
and learning’. The other 11 disagreements were mainly omissions, and
disagreement on educational institution and age.

Keywording: English Review Group ICT and literacy keywording
sheet
Agreement was again very good. Out of a total possible 794 keywords,
disagreement occurred in 88 cases (i.e. 11%). Most of the disagreements were
additions by members of the EPPI-Centre in keywords 14 and 17 (again due to
them being more inclusive), and omissions by the members of the EPPI-Centre in
keyword 16 where members of the Review Team tended to apply a keyword to
both a and b. In addition, there were a few disagreements on study type. It was
anticipated that these disagreements would be resolved at data-extraction stage.
The results of this quality assurance exercise highlight the importance of
including a glossary for review-specific keywords.

3.4 Studies included in the effectiveness map from
searching and screening
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A total of 45 RCTs were identified from the updated database, using the keyword
‘RCT’. Three of these subsequently failed to meet inclusion criteria for the map.
One of the 45 trials (Fuchs et al., 1991) was excluded from the systematic map
because it randomised teachers rather than learners to an intervention. The
intervention was not an ICT intervention in literacy for the pupils, but rather ICT
methods for teachers to use in their assessments of the pupils’ progress (some of
which happened to be in literacy). A second RCT was excluded because it was
not adequately randomised (Varner-Quick, 1994). After randomising 120 secondgrade pupils to intervention or control, an unspecified number were excluded at
fourth grade (all repeaters, transfers and subjects that did not participate in the
programme since its inception) in order to create a ‘random sample’ of students
to include in the data-analysis. Therefore, the randomisation procedure was
violated. Because of this problem, this study could no longer be considered an
RCT. It will be re-keyworded in the update as a controlled trial. Two of the 45
papers described the same RCT (Matthew, 1996 and Matthew, 1997). Both of
these papers were therefore considered together. This left a total of 42 trials
included in the systematic map.

3.5 Characteristics of the included studies in the
effectiveness map
The effectiveness map was based on the keywording (EPPI generic keywording
and review-specific keywording) of the 42 RCTs.
Most of the studies in the map were identified through the electronic searches on
PsycInfo and ERIC (Table 3.9). A hierarchy of importing relevant studies in to the
database was established, starting with PsycInfo, then continuing with ERIC and
so on. Therefore, if a study was found on ERIC but had already been found on
PsycInfo, it would be coded on the database as having been retrieved from
PsycInfo.
Table 3.9: Origin of 42 RCTs
Electronic database

Number of studies

PsycINFO

27

ERIC

12

BEI

2

Handsearch

1

Most of the RCTs were undertaken in the US, with only three undertaken in the
UK (Table 3.10).
Table 3.10: Countries where 42 RCTs were undertaken
Country
Number of trials
USA

33

Canada

5

UK

3

Australia

1
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The characteristics of the learners participating in the RCTs and the educational
institutions where the RCTs were carried out were as follows:
Table 3.11: Ages of trial participants (in 42 RCTs)
Age range of children
Number of trials
5-10

33

11-16

17

5-10 and 11-16

8

In Table 3.11, the categories 5-10 and 11-16 are not mutually exclusive (hence the
category 5-10 and 11-16, which indicates the overlap in eight trials).

Table 3.12: Gender of participants in the 42 trials
Gender
Number of trials
Mixed sex

26

Not stated

16

Table 3.13: Educational setting of 42 identified trials
Type of school
Number of trials
Primary school

32

Secondary school

16

Nursery school

1

Other*
* 6-8 grade public elementary school

1

In Table 3.13, the categories are not mutually exclusive.

The focus of each included trial, the type of ICT intervention, and the principal
aspects of literacy of each trial are presented in tables 3.14 to 3.16.
Table 3.14: Focus (keywords)
Keywords

Number of trials

Reading

24

Spelling

4

Writing

15

In Table 3.14, the categories are not mutually exclusive.

Table 3.15:Type of intervention
Type of ICT
Computer – stand-alone
Computer – networked
Table 3.16: Principal aspects of literacy
Aspects of trials
Psychological aspects or representations
Social representations and/or
cultural/critical representations

Number of trials
39
3

Number of trials
38
4
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Aspects of trials
Writing print and graphical or pictorial
representations*
Reading print and graphical or pictorial
representations*
* These categories are not mutually exclusive.

Number of trials
19
25

Although all 42 trials in the effectiveness map were randomised controlled trials,
and therefore appropriate for addressing questions of effectiveness, many of
them addressed questions of relative effectiveness of one kind of software
package compared with another. Additionally, a number of these 42 trials were
not rigorous in their design or reporting; that is, they did not provide any data or
they provided insufficient data (effect sizes could not be calculated), they were
cluster trials with too few clusters or inappropriate analysis. Finally, a number of
these trials did not report any literacy outcome measures.

3.6 Identifying and describing studies in the
effectiveness map: quality assurance results
Both reviewers agreed on the exclusion of three RCTs from the map and the
inclusion of 42 RCTs. They also agreed about whether these RCTs were
individually randomised trials or cluster randomised trials.
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4. EFFECTIVENESS IN-DEPTH REVIEW: RESULTS
4.1 Selecting studies for the effectiveness in-depth
review
Studies were included in the effectiveness in-depth review if they matched the
content-based and methodological criteria as outlined above.
Table 4.1 presents the results of this procedure. Forty-two RCTs were included in
the map. Thirty of these were excluded from the in-depth review for the following
reasons: no appropriate non-ICT control (19 RCTs - Exclusion 1); no literacy
outcome measures (two RCTs - Exclusion 2); no data or insufficient data (six
RCTs - Exclusion 3); cluster randomised trials with too few clusters or
inappropriate analysis of cluster trial (three RCTs - Exclusion 4). This left 12
RCTs in the in-depth review. A hierarchy for excluding studies was established,
starting with Exclusion 1, continuing with Exclusion 2, and so on. Therefore, if a
study was excluded on the basis of Exclusion 3 (no or insufficient data), this
means that there was an appropriate non-ICT control and there were literacy
outcome measures in this trial. A number of trials were excluded on more than
one criterion, but this has not been shown in the table. This information is also
presented in Table 4.1and Figure 4.1.
Table 4.1: The 42 studies keyworded as RCTs indicating numbers included and
excluded
Number of RCTs
Total number of keyworded RCTs in map

42

Exclusion 1

19

Exclusion 2

2

Exclusion 3

6

Exclusion 4

3

Total number of excluded RCTs
Total number of RCTs included in in-depth
review

30
12 RCTs
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Figure 4.1: Filtering of papers from map to synthesis – effectiveness review

Studies identified
in
generic map
N = 45

Papers
excluded
N=3
Criterion 1
N = 19

Studies identified for
review map
N = 42

Papers
excluded
N = 30

Criterion 2
N=2

Criterion 3
N=6

Criterion 4
N=3

In-depth review
Studies included
N = 12

Key to exclusion criteria:
Criterion 1 = No appropriate non-ICT control
Criterion 2 = No literacy outcome measures
Criterion 3 = No data or insufficient data
Criterion 4 = Cluster randomised trials with too few clusters or inappropriate analysis
of cluster trial
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Table 4.2 shows the reasons for exclusion for all 30 excluded trials. Most were
excluded because they did not have an appropriate non-ICT control. (Also see
Figure 4.1).
Table 4.2: Excluded studies and primary reasons for their exclusions
Exclusion 1
Exclusion 2
Exclusion 3
Exclusion 4
Allen and
Adam and Wild, Braden et al.,
Thompson,
Barker, 1994
1997
1991
1995
Dwyer and
Silver and Repa,
Barron et al., 1992
Cato et al., 1994
Sullivan, 1993
1993
Grejda and
Spaulding and
Bonk and Reynolds, 1992
Hannafin, 1992 Lake, 1992
Harris and
Calvert et al., 1990
Bond, 1992
Roberts and
Cardinale and Fish, 1994
Samuels, 1993
Feldmann and Fish, 1991
Topping, 1997
Foster et al., 1994
Johnston 1996,
Laframboise, 1991
Leong, 1992
Leong, 1995
Leong, 1996
Lewin, 2000
Olson et al., 1997
Palumbo and Prater, 1992
Rosenbluth and Reed, 1992
Utay and Utay, 1997
Wepner, 1992
Wise and Olson, 1995
The 19 RCTs excluded because they did not have an appropriate non-ICT control
(Exclusion 1) compared two or more forms of ICT software, and therefore could
not be used in the in-depth review to establish effectiveness of ICT compared
with traditional paper-and-pencil methods of literacy learning. The two RCTs
excluded because they did not have any literacy outcome measures (Exclusion 2)
could not be used in the in-depth review because quantified evidence of
effectiveness of ICT on literacy could not be established without at least one
literacy outcome measure. Similarly, the six RCTs excluded because they
contained no data or insufficient data (Exclusion 3) could not be used in the indepth review to establish effectiveness because it was not possible to calculate
effect sizes. Finally, the three RCTs that were excluded because they were
cluster trials with too few clusters or cluster trials that were inappropriately
analysed (Exclusion 4) could not be used in the in-depth review because of
methodological shortcomings of these cluster trials.
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4.2 Further details of studies included in the in-depth
review
All 12 studies included in the in-depth review were retrieved from searches on
two electronic databases: PsycInfo and ERIC.
Table 4.3: Database origin of 12 included studies
Database
Included studies
PsycINFO

6

ERIC

6

BEI

0

Handsearch

0

All the studies included in the in-depth review were carried out in the US.
Table 4.4: Country of origin 12 of included studies
Country
Included studies
USA

12

Canada

0

UK

0

Australia

0

The characteristics of the learners in the studies in the in-depth review are
presented below.
Table 4.5: Age of study participants in 12 RCTs
Age of study participants
Included studies
5-10

10

11-16

5

5-10 and 11-16

3

The categories 5-10 and 11-16 in Table 4.6 are not mutually exclusive (hence the
category that indicates the overlap).

Table 4.6: Gender mix in 12 RCTs
Gender

Included studies

Mixed sex

10

Not stated

2

Table 4.7: Educational setting of 12 included RCTs
Type of school
Included studies
Primary school

10

Secondary school

4

Nursery school

0

Other*

1
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* 6-8 grade public elementary school. Categories in Table 4.7are not mutually
exclusive.
The focus of each included trial, the type of ICT intervention, and the principal
aspects of literacy of each trial are presented in Tables 4.8 to Table 4.10.
Table 4.8: Focus (keywords)
Included studies
Reading

7

Spelling

3

Writing

2

Table 4.9: Type of intervention
Included studies
Computer – stand-alone
Computer – networked

11
1

Table 4.10: Principal aspects of literacy
Included studies
Psychological aspects or representations
Social representations and/or
cultural/critical representations
Writing print and graphical or pictorial
representations*
Reading print and graphical or pictorial
representations*
*Categories are not mutually exclusive.

12
0
5
8

The participants in the 12 included trials ranged in age from 5 to 13 (kindergarten
to Grade 8). In seven out of the 12 RCTs, either all or half of the actual sample
children were pupils who experienced ‘learning disabilities’, or ‘specific learning
disabilities’.
The 12 included RCTs were tabulated according to their literacy and ICT focus
keywords. Table 4.11 presents the results, in alphabetical order.
Table 4.11: Studies included in the in-depth review with ICT focus (intervention)
and literacy topic focus (literacy outcome)
Author, date
ICT intervention
Literacy outcome
Berninger et al., 1998
CAI
Spelling
Networked computer
Golden et al., 1990
Reading (comprehension)
system
Heise et al., 1991
CAI
Reading
Jinkerson and Baggett, 1993 CAI
Spelling
Jones, 1994
Writing
Word-processing
Lin et al., 1991
CAI
Reading
MacArthur et al., 1990
CAI
Spelling
Matthew, 1996
Computer-mediated Reading (comprehension)
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Author, date
(Matthew, 1997)

ICT intervention
texts

Mitchell and Fox, 2001

CAI

Reinking and Rickman, 1990
Swanson and Trahan, 1992
Zhang et al., 1995

Literacy outcome
Reading (phonological
awareness)

Computer-mediated
texts
Computer-mediated
texts
Speech synthesis
Word-processing

Reading (comprehension)
Reading (comprehension)
Writing

The judgements on weight of evidence of all 12 trials are tabulated in Table 4.12.
Table 4.12: Weight of evidence
Study
Berninger et al., 1998
Golden et al., 1990
Heise et al., 1991
Jinkerson and Baggett, 1993
Jones, 1994
Lin et al., 1991
MacArthur et al., 1990
Matthew, 1996
(Matthew, 1997)
Mitchell and Fox, 2001
Reinking and Rickman, 1990
Swanson and Trahan, 1992
Zhang et al., 1995

A
High
Medium
Medium
Medium
Medium
Medium
High

B
High
High
High
High
High
High
High

C
High
Medium
High
High
High
Medium
High

D
High
Medium
Medium
Medium
Medium
Medium
High

High

High

High

High

High
Medium
High
Medium

High
High
High
High

Medium
High
High
High

Medium
Medium
High
Medium

Weight of evidence A: Soundness of method of each individual RCT
according to general and study type specific criteria
Five of the trials were assessed as being ‘high’ and seven trials were assessed
as being ‘medium’ in terms of the trustworthiness of each individual trial’s findings
and in terms of answering the trial’s study question. Regarding internal validity, it
is not surprising that all 12 trials were ‘high’ or ‘medium’ in this category. The
inclusion criteria for the in-depth review were extremely rigorous and would have
excluded RCTs with poor design, conduct or reporting.

Weight of evidence B: Appropriateness of study type to answer the
review question
All twelve trials were assessed as being ‘high’. This means that, for the purposes
of this specific systematic review, all 12 trials were highly appropriate for
answering the review question. The randomised controlled trial is the most
appropriate design for addressing questions of effectiveness. Since a trial had to
be an individually randomised trial or a cluster trial containing at least four
clusters in each arm to be included in the in-depth review, it is not surprising that
all 12 trials were assessed as being ‘high’ in this category.

Weight of evidence C: Relevance of the topic focus of the individual
study to the review question
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Nine trials were assessed as ‘high’ and three trials were assessed as ‘medium’ in
terms of relevance to the review question.

Weight of evidence D: Overall weight of evidence
Four trials were assessed as being of ‘high’ overall weight of evidence and eight
trials were assessed as being of ‘medium’ overall weight of evidence. For the
narrative syntheses, all 12 trials were discussed.

Publication bias: a funnel plot of the included RCTs’
Figure 4.2: Funnel plot of included trials

Sample size

80

0
-1

-0.5

0

0.5

1

1.5

Effect size

In Figure 4.2, we plot the effect size of the identified trials against their sample
size. If there is no publication bias, then the included trials should form an
‘inverted’ funnel with the largest trials at the top. In Figure 4.2, the largest trial
reports a negative effect size; however, the studies with the largest effect sizes
tend to be positive. There is a possibility, therefore, that a small number of
‘missing’ trials may have negative effect sizes. The absence of these trials will
tend to make any estimates of effect biased towards the positive. The evidence
for publication bias is not large.

4.3 Synthesis of evidence
Table 4.13 shows the range of five different kinds of ICT interventions that
emerged from the 12 included RCTs in the review: computer-assisted Instruction
(CAI), networked computer system (classroom intranet), word processing
software packages, computer-mediated texts (electronic text) and speech
synthesis systems. There were also three literacy outcomes: reading, including
reading comprehension and phonological awareness (pre-reading
understandings), writing and spelling. The table also shows how many RCTs
were present in each ICT intervention/ literacy outcome category.
Table 4.13: Range of ICT interventions and literacy outcomes
ICT intervention
Literacy outcomes (number of studies)
Spelling (3)
CAI
Reading (2)
Phonological awareness (1)
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ICT intervention
Networked computer systems
Word-processing
Computer-mediated texts
Speech synthesis

Literacy outcomes (number of studies)
Reading (comprehension) (1)
Writing (2)
Reading (comprehension) (3)
Writing (1)

Synthesis 1 interventions: an analysis of the effectiveness
of different types of ICT interventions on a range of literacy
outcomes
There were six RCTs that evaluated CAI interventions: Berninger et al., 1998;
Heise et al., 1991; Jinkerson and Baggett, 1993; ; Lin et al., 1991; McArthur et al.,
1990 and Mitchell and Fox, 2001. The CAI interventions consisted of studies
designed to increase spelling, reading abilities or phonological awareness (prereading understandings).
There was one networked computer system intervention (Golden et al., 1990)
and two word-processing interventions, three computer-mediated texts
interventions and one speech-synthesis intervention.
Three of the RCTs contained two strata (Berninger et al., 1998; Lin et al., 1991;
Swanson and Trahan, 1992) because the pupils were divided into two groups
with different learner characteristics (for example ‘average’ or ‘learning disabled’
readers) before being randomly allocated to the intervention or control groups. In
all three cases, the pupils with different learner characteristics were analysed
separately by the authors. They were therefore treated separately in the review.
One of the RCTs (Zhang et al., 1995) compared traditional word-processing
software with both a control group and with an innovatory word-processing
package with speech synthesis. The results of the two comparisons were
reported separately: traditional word-processing package v. control (MS v. CT);
Robo-Writer speech synthesis system v. control (RW v. CT), although only one of
the comparisons was included in a meta-analysis, because the same control
group was used in both comparisons.
The effect sizes for literacy outcomes in each of the RCTs are presented in Table
4.14. In four of the RCTs, for the purposes of this synthesis, the effect sizes on
two literacy outcome measures were calculated because the outcomes were
deemed to be equally appropriate for measuring the effectiveness of a particular
ICT intervention. For example, in Jones (1994), holistic scoring (writing quality)
and word-count (writing quantity) were both reported.
The syntheses reported are based on appropriate subsets of the 20 effect sizes
for the five different ICT interventions.
Table 4.14 shows the effectiveness results, with 95% confidence intervals of all
the studies.
Table 4.14: Effectiveness of different interventions (CAI, networked computer
systems, word-processing, computer-mediated texts and speech synthesis) on
literacy outcomes
Study
Literacy
Weight of Effect size and 95%
outcome
evidence
confidence interval
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Study
CAI intervention
Berninger et al. (1 spelling
disabilities)
1998
Berninger et al. (2 spelling
and handwriting
disabilities)
1998
Jinkerson and Baggett,
1993
McArthur et al.,
1990
Heise et al., 1991

Literacy
outcome

Weight of
evidence

Effect size and 95%
confidence interval

Spelling

High

-0.054
(-0.854to 0.745)

Spelling

High

0.322
(-0.484 to 1.128)

Spelling

Medium

Spelling

High

Reading

Medium

-0.02
(-0.897 to 0.856)
0.387
(-0.21 to 0.983)
0.487
(-0.044 to 1.019)
-0.165
(-0.732 to 0.401)
-0.45
(-1.051 to 0.136)
-0.604
(-0.02 to –1.184)

Lin et al., 1991 (1 ‘non
Reading
handicapped’)
Lin et al., 1991 (2
Reading
‘handicapped’)
Mitchell and Fox,
Phonological
2001
awareness
Networked computer systems
Golden et al., 1990
Reading 1

Medium
Medium
Medium

Medium

0.123
(-0.594 to 0.841)
0.61
(-0.12 to 1.349)

Medium

1.251
(0.274 to 2.229)
0.47
(-0.415 to 1.368)
0.610
(-0.248 to 1.469)

Reading 2
Word-processing
Jones, 1994

Writing 1
Writing 2

Zhang et al., 1995 (MS v. Writing
CT)
Computer-mediated texts
Matthew, 1996
Reading 1

Medium

High

Reading 2
Reinking and Rickman,
1990

Vocabulary

Medium

Reading
Swanson and Trahan,
Reading
1992 (1 ‘learning disabled’
readers)
Swanson and Trahan,
Reading
1992 (2 average readers)
Speech synthesis
Zhang et al., 1995 (RW v. Writing
CT)

High

-0.324
(-0.783 to 0.134)
0.545
(0.081 to 1.010)
0.925
(0.391 to 1.46)
0.168
(-0.338 to 0.675)
-0.267
(-0.986 to 0.451)

High

0.639
-0.097 to 1.375)

Medium

2.740
(1.516 to 3.964)
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Overall results
We included 20 comparisons among the 12 trials. Of these 20 effect sizes listed
in Table 4.14, 13 were positive and seven were negative. Of the positive effect
sizes, four were statistically significant, whilst one of the seven negative trials was
statistically significant. One RCT was equivocal, reporting two main outcomes
going in opposite directions (Matthew, 1996).

CAI
For CAI, the overall data were suggestive of potential harm on literacy outcomes.
Thus, for one of the eight strata, in six trials there was a statistically significant
harmful effect of CAI on literacy outcomes, whilst a further three noted a nonstatistically significant harmful effect. Of the remaining three which all showed a
benefit of CAI, none was statistically significant.

Networked computer systems
The one study (Golden) that looked at networked computer systems noted a
positive effect size in its two main outcomes. Neither of these effect sizes was
statistically significant and, in one, the point estimate was only a small positive
effect. However, the confidence intervals around the estimates were wide,
potentially not ruling out a large benefit or moderate harmful effect.

Word-processing
The effect of word-processing on writing was evaluated in two trials (Jones, 1994;
Zhang et al., 1995). Jones (1994) presented two main outcomes: in one outcome
(writing quality), there was a large positive benefit, which was statistically
significant; for the second outcome (writing quantity), there was a modest benefit,
which was not statistically significant. In the other study (Zhang et al., 1995), the
positive effect for the word-processing condition was not statistically significant.

Computer-mediated texts
In the three trials (two of which had two relevant outcomes and one had two
strata), the evidence for the use of computer-mediated texts was somewhat
equivocal. Whilst there was one outcome for one trial showing a strong,
statistically significant benefit of computer-mediated text on vocabulary and
another showing a modest benefit (which was statistically significant) on reading,
two strata in another trial had effect sizes in opposite directions, although neither
was significant.

Speech synthesis
Only one RCT evaluated the use of a speech synthesis system for composing on
the computer (Zhang et al., 1995). The study shows a large positive effect for the
intervention that was statistically significant.

Synthesis 2 outcomes: an analysis of the effectiveness of
different types of ICT on specific literacy outcomes
Because there was more than one randomised trial measuring specific literacy
outcomes and the trials within these subgroups appeared to be relatively
homogeneous, we undertook a series of pooled analyses (i.e. meta-analyses).

CAI and spelling
We identified three relevant trials of CAI on spelling published since 1990:
Berninger et al. (1998), Jinkerson and Baggett (1993) and MacArthur et al. (1990;
also see Table 4.15).
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Two strata were reported in Berninger et al. (1998). The aim of this trial was to
investigate whether the computer or the pencil was more effective in helping
pupils to learn to spell words. Forty-eight children (24 in stratum 1 with spelling
disabilities and 24 in stratum 2 with spelling and handwriting disabilities) were
randomly allocated to computer or paper and pencil response mode. The
methods for teaching and learning 48 easy, moderate and difficult words were
identical in both conditions, except the children in the computer condition
identified the letters on the computer keyboard, pressed the keys and then were
able to see the letters on the monitor; the children in the paper and pencil
condition wrote the words as they learnt them. At post-test, there were no
significant differences for response mode.
The aim of the trial by MacArthur et al. (1990) was to compare computer-assisted
instruction in spelling practice with traditional paper-and-pencil instruction in
spelling practice. Forty-four fifth and sixth grade students with learning
disabilities were randomly allocated to CAI (with immediate corrective feedback)
or PPI (where the feedback was provided by self-checking). The instructional
techniques for each condition utilised features typical of CAI and PPI. There was
a non-significant positive effect for the computer condition.
The aim of the trial by Jinkerson and Baggett (1993) was to investigate whether
or not the use of a spell-checker would help students to identify and correct misspelt words in a story more effectively than students who identified and corrected
by hand. Twenty pupils aged 9 to 11 were randomly allocated to a computer or a
hand group. The same pre-written story was given to both groups to proofread
for spelling errors. There were no significant differences between the groups at
post-test.
The information from these three trials (four strata) is summarised in Table 4.15.
Pooling these in a meta-analysis showed a small, but non-significant, benefit of
CAI on spelling outcomes (Figure 4.3).
Table 4.15: Trials to test computer-assisted instruction (CAI) and spelling
Group 1
Group 2
Hedges' g
Sub-group Trial/stratum
Outcome
N | M | SD N | M | SD (corrected)
CAI and
MacArthur et al., 1990:
Spelling
22 | 8.450 | 22 | 6.360 | 0.387
spelling
'Computer assisted
Retention 5.460
5.150
instruction with learning Test
disabled students:
achievement,
engagement, and other
factors that influence
achievement'.
CAI and
Jinkerson and Baggett,
Oral
10 | 14.400 10 | 14.500 -0.020
spelling
1993: 'Spell checkers:
spelling
| 4.270
| 5.100
aids in identifying and
post-test
correcting spelling errors'.
CAI and
Berninger et al., 1998:
Spelling
12 | 5.310 | 12 | 5.380 | -0.055
spelling
'Teaching spelling to
disabilities 1.240
1.240
children with specific
learning disabilities: The
mind's ear or eye beat
the computer or pencil'.
Spelling
12 | 5.130 | 12 | 4.420 | 0.322
CAI and
Berninger et al., 1998:
and
1.890
2.340
spelling
'Teaching spelling to

CI lower |
upper
-0.210 |
0.983

-0.897 |
0.856
-0.855 |
0.746

-0.484 |
1.129
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Sub-group Trial/stratum
children with specific
learning disabilities: The
mind's ear or eye beat
the computer or pencil'.

Outcome

Group 1
N | M | SD

Group 2
N | M | SD

Hedges' g CI lower |
(corrected) upper

handwriting
disabilities
Total

0.204

-0.168 |
0.576

Heterogeneity statistic Q = 1.1
Test statistic (combined effect) z = 1.07 p = 0.141
Meta-analysis method: Inverse Variance (fixed effects model)

The pooled effect size was 0.204 (C.I. –0.168 to 0.576). The heterogeneity ‘Q’
statistic was 1.1 (low). This shows that there was no statistical evidence for the
studies being heterogeneous. We were therefore justified in pooling them in a
meta-analysis. In Figure 4.3, we plot the effect sizes and 95 percent confidence
intervals of the individual trials. As Figure 4.3 shows, the individual trials had
large confidence intervals all passing through zero, which means that we could
not rule in or rule out a relatively large effect.
Figure 4.3: Forest plot of effectiveness of CAI on spelling outcomes

The overall weight of evidence scores (D) for the RCTs in this meta-analysis were
as follows: MacArthur et al. (1990), ‘high’; Jinkerson and Baggett (1993),
‘medium’; Berninger et al. (1998) (1), ‘high’; Berninger et al., (1998) (2), ‘high’.
Removing the RCT weighted as ‘medium’ (Jinkerson and Baggett, 1993) did not
significantly alter these results. There was still a small positive effect for the
intervention (0.274), which was not statistically significant (-0.15 to 0.700).

CAI and reading
Two trials (three strata) evaluated CAI and reading interventions (Lin et al., 1991
and Heise et al., 1991).
The aim of the trial by Heise was to investigate the role that CAI may play in the
development of reading. Fifty-three third grade and sixth to eighth grade
‘remedial’ students were randomly allocated to computer-administered instruction
or teacher-directed instruction, using a matched pair design. The CAI group used
a software package designed to teach new words, definitions and their usage.
The conventional instruction group used teacher-directed instruction similar to the
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presentation on the software package. On a measure of total reading, there was
a positive effect for the intervention, but this was not statistically significant.
The aim of the trial by Lin et al. (1991) was to assess the effectiveness of CAI on
the word-recognition skills of ‘mildly mentally handicapped’ (stratum 2) and ‘nonhandicapped’ learners (stratum 1). Ninety-three ‘mildly mentally handicapped’
and ‘non-handicapped’ students from various grades were randomly assigned to
CAI or paper and pencil as the instructional medium for teaching word-recognition
skills. The outcome measurements were accuracy scores and response times.
At post-test, there were no significant differences between the groups for
accuracy scores.
It was not possible to combine the two trials that evaluated the effectiveness of
CAI interventions on reading because there was insufficient homogeneity
between the two groups of learners in the two RCTs. In one of the RCTs (Lin et
al., 1991), the authors described the learners as ‘bilingual’ (Chinese American
and Caucasian American). In the other RCT (Heise et al., 1991) the author
described the learners’ ethnicities but it was not clear whether the intervention
was aimed at improving English as a first or second language. This was an a
priori decision, made before the reviewers looked at the results.

Word-processing and writing
We identified two RCTs that investigated the effect of word-processing on writing
(Jones, 1994; Zhang et al., 1995). The aim of the trial by Jones was to determine
whether the use of a word-processor would result in a larger quantity of writing
and a higher quality of writing when students composed with paper and pencil.
Twenty second-grade students were randomly assigned to treatment or control
condition. During the intervention period, the treatment group composed seven
written assignments using a word-processing program, whilst the control group
used paper and pencil. At post-test, both groups composed using paper and
pencil. The overall quality of the treatment group’s writing exceeded that of the
control group, but there was no significant difference in mean word-count scores
(quantity of writing).
The aim of the trial by Zhang et al. (1995) was to assess the impact of specifically
designed software tools on the quality of writing of children performing at least
one year behind their grade level. Thirty-three students with ‘learning disabilities’
in grades 2-5 were randomly assigned to one of three groups (using a matched
triad design). The MS group used a traditional word-processing package; the RW
group used an innovatory speech synthesis package; and the CT group used
traditional paper and pencil. The pupils composed stories in their allocated
treatment condition.
In the meta-analysis, the holistic measure was used for the trial by Jones (rather
than the quantity of writing measure), because this was the measure used in the
trial by Zhang.
Table 4.16: The effect of word-processing on writing
Group 1
Sub-group Item
Outcome
N | M | SD
WordJones, 1994: 'The
Holistic
10 | 7.100 |
processing effect of a word
1.940
and writing processor on the
written composition of
second-grade pupils'.

Group 2
Hedges' g
N | M | SD (corrected)
10 | 4.770 | 1.252
1.610

CI lower |
upper
0.274 |
2.229
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Sub-group Item

Outcome

WordZhang et al., 1995:
processing 'Quality of writing by
and writing elementary students
with learning
disabilities'.

Holistic
scoring
fourth
writing
MS v. CT
Total

Group 1
N | M | SD
11 | 4.020 |
1.040

Group 2
Hedges' g
N | M | SD (corrected)
11 | 3.460 | 0.610
0.690

0.890

CI lower |
upper
-0.249 |
1.470

0.245 |
1.535

Heterogeneity statistic Q = 0.933
Test statistic (combined effect) z = 2.7 p = 0.00344
Meta-analysis method: inverse variance (fixed effects model)

There was a pooled effect size of 0.890 (C.I. 0.245 to 1.535). This was quite a
large positive effect for the word-processing intervention and was statistically
significant. Both of these RCTs had an overall weighting (D) of ‘medium’. The
heterogeneity ‘Q’statistic was 0.933 (very low). This shows that, statistically, the
studies were similar and therefore we were justified in performing a metaanalysis.
Figure 4.4: Forest plot of effectiveness of word-processing on writing

In Figure 4.4, the two trials are plotted. As Figure 4.4 shows, both trials had
relatively large confidence intervals, due to relatively small sample sizes.
Nevertheless, one of the trials had a statistically significant benefit; whilst the
other had a benefit, which was not statistically significant.

Computer-mediated texts and comprehension
Three RCTs (one with two strata) evaluating the effectiveness of computermediated texts interventions on reading comprehension outcomes were included
in the in-depth review: Matthew, 1996; Swanson and Trahan study (1) and study
(2), 1992; Reinking and Rickman, 1990. The aim of the trial by Matthew (1996)
was to compare the reading comprehension of third-grade children who read
interactive storybooks with children who read traditional print storybooks.
Seventy-four pupils were randomly allocated to intervention or control, using a
matched pair design. Students in the experimental group read CD-ROM
storybooks on the computer. Students in the control group read the same books
in a traditional print format. Two outcome measures were used to measure
reading comprehension: 10 open-ended questions and story re-telling. There
were no statistically significant differences in reading comprehension as
assessed by open-ended questions. There was a positive and statistically
significant effect of the intervention as assessed by story re-telling.
The aim of the trial by Reinking and Rickman (1990) was to investigate whether
or not sixth-grade readers’ vocabulary learning and comprehension would be
improved through the use of computer-mediated texts. Sixty students were
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randomly assigned to one of four conditions: control (dictionary or glossary
condition with passages presented on typed pages and accompanied by either
dictionary or typed glossary page) and computer-mediated intervention (select
definitions or all definitions condition, whereby pupils could request the definitions
of words on screen or they had to view the meanings of target words before
proceeding to the next section of text). For the purposes of this review, the two
print control groups and the two computer intervention groups were combined in
order to calculate the effect size. There was a small positive effect for the
intervention, but this was not statistically significant.
The aim of the trial undertaken by Swanson and Trahan (1992) was to determine
the degree to which computer-mediated texts influenced ‘learning disabled’
children’s reading comprehension. One hundred and twenty fourth, fifth and sixth
grade pupils were randomly assigned to one of four conditions: control with all
pre- and post-test measures but no reading comprehension intervention, other
than normal classroom instruction; paper off-line, using traditional and cloze
comprehension passages in printed form; computer presentation, with no rereading (traditional and cloze story passages in computer-mediated form); and
computer re-reading whereby readers were directed to re-read all or portions of
the passages before answering comprehension items or cloze items.
For this effectiveness review, the paper offline condition was compared with the
computer no re-read condition. In study 1 (‘learning disabled’ readers), there was
a small positive effect for the control condition that was not statistically significant.
In study 2 (‘average’ readers), there was quite a large positive effect for the
treatment condition, but this was not statistically significant.
Two separate meta-analyses were undertaken for the trials investigating
computer-mediated texts and reading comprehension (tables 4.15 and 4.16).
This is because Matthew (1996) used two outcomes for reading comprehension
(open-ended questions and story re-telling) that the reviewers judged to be
equally appropriate for measuring reading comprehension.
Table 4.17: The effectiveness of computer-mediated texts intervention on reading - 1
Hedges' g
Group 1
Group 2
CI lower
Sub-group Item
Outcome
(correcte
N | M | SD N | M | SD
| upper
d)
-0.325
-0.784 |
37 |
37 |
Computer- Matthew (1996) The Open0.134
47.680 |
46.080 |
mediated
impact of CD-ROM ended
4.740
questions 5.010
texts and
storybooks on
reading (1) children's reading
comprehension and
reading attitude
Nelson
15 |
15 |
-0.246
-0.965 |
Computer- Swanson and
comp12.300 |
13.550 |
0.472
mediated
Trahan (1992)
rehension 5.020
4.850
texts and
Learning disabled
(learning
reading (1) readers'
disabled)
comprehension of
computer mediated
text: the influence of
working memory,
metacognition and
attribution
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Sub-group Item

Outcome

Swanson and
Trahan (1992)
Learning disabled
readers'
comprehension of
computer mediated
text: the influence of
working memory,
metacognition and
attribution
Computer Reinking and
mediated
Rickman (1990) The
texts and
effects of computerreading (1) mediated texts on
the vocabulary
learning and
comprehension of
intermediate-grade
readers

Nelson
comprehension
(average
readers)

Computermediated
texts and
reading (1)

Comprehension
computer
v. no
computer

Hedges' g
Group 1
Group 2
(correcte
N | M | SD N | M | SD
d)
0.407
15 |
15 |
15.770 |
18.070 |
6.090
4.820

30 | 3.650 30 | 3.160 0.168
| 2.800
| 2.946

Total

-0.047

CI lower
| upper
-0.317 |
1.132

-0.339 |
0.675

-0.330 |
0.236

Heterogeneity statistic Q = 3.91
Test statistic (combined effect) z = -0.326 p = 0.628
Meta-analysis method: inverse variance (fixed effects model)

Figure 4.5: Forest plot of effectiveness of computer-mediated texts on reading
comprehension

There was a non-statistically significant positive effect for the control. The effect
size was –0.047 (C.I. –0.33 to 0.236). Removing the one RCT assessed as
‘medium’ weight of evidence (Reinking) did not substantially alter the outcome of
the meta-analysis. There was still a small positive effect favouring the control
condition which was not statistically significant (effect size –0.145 C.I –0.486 to
0.197). Again, with a low ‘Q’ statistic, there was no evidence of heterogeneity.
We were therefore justified in performing a meta-analysis. Figure 4.5 shows that
the confidence intervals around each effect size are wide.
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Table 4.18: The effectiveness of computer-mediated texts intervention on reading - 2
Group 1 Group 2
Hedges' g CI lower
Sub-group Item
Outcome
N|M|
N|M|
(corrected) | upper
SD
SD
Computer- Matthew (1996) The
Story re-telling 37 |
37 |
0.546
0.081 |
mediated
impact of CD-ROM
24.990 | 23.170 |
1.010
texts and
storybooks on
2.960
3.610
reading (2) children's reading
comprehension and
reading attitude
Computer- Swanson and Trahan Nelson
15 |
15 |
-0.246
-0.965 |
mediated
(1992) Learning
12.300
|
13.550
|
0.472
comprehension
texts and
disabled readers'
5.020
4.850
(learning
reading (2) comprehension of
disabled)
computer mediated
text: the influence of
working memory,
metacognition and
attribution
Computer- Swanson and Trahan Nelson
15 |
0.407
-0.317 |
15 |
mediated
(1992) Learning
comprehension 18.070 | 15.770 |
1.132
texts and
disabled readers'
(average
4.820
6.090
reading (2) comprehension of
readers)
computer mediated
text: the influence of
working memory,
metacognition and
attribution
Computer- Reinking and Rickman Comprehension 30 |
30 |
0.168
-0.339 |
mediated
(1990) The effects of computer v. no 3.650 |
3.160 |
0.675
texts and
computer-mediated
computer
2.800
2.946
reading (2) texts on the
vocabulary learning
and comprehension of
intermediate-grade
readers
Total
0.282
-0.003 |
0.566
Heterogeneity statistic Q = 3.62
Test statistic (combined effect) z = 1.94 p = 0.0261
Meta-analysis method: inverse variance (fixed effects model)
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Figure 4.6: Forest plot of effectiveness of computer-mediated texts on reading
comprehension

There was a small positive effect for the computer-mediated texts group which
was of borderline statistical significance (effect size 0.282 C.I. –0.003 to 0.566).
Removing the effect size of the Reinking study (1990) from the meta-analysis did
not substantially alter the results of the meta-analysis. There was still a small
positive effect for the computer-mediated texts group which was of borderline
statistical significance (effect size 0.334 C.I. –0.010 to 0.677). Again the ‘Q’
statistic was low. There was therefore no evidence of heterogeneity and we were
justified in performing the meta-analysis. Figure 4.6 shows the individual trials in
a forest plot; one had a statistically significant effect (Mathew, 1996).

4.4 In-depth review: quality assurance results
Both reviewers included the same 12 RCTs and excluded the same 30 RCTs. In
addition, there was complete agreement on exclusion codes. One reviewer (CT)
excluded on the basis of the first exclusion code in the hierarchy to apply to a
trial, while the other reviewer (DZ) excluded on the basis of all codes that applied
to any trial.
There are 12 RCTs in the in-depth review for this research question. All 12 trials
were independently double data-extracted by Carole Torgerson, Graham Low
and Die Zhu (all three from the University of York), and Diana Elbourne and Katy
Sutcliffe (both from the EPPI-Centre). The data-extractions were compared and
all disagreements resolved. The English Review Group data-extraction for each
of the 12 RCTs was then uploaded.
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5. EFFECTIVENESS REVIEW: FINDINGS AND
IMPLICATIONS
In this review, we have reported the results of a systematic search for, and
synthesis, of all the randomised controlled trials in ICT and literacy. The results
of the review are not clearly supportive of the benefit of ICT on literacy outcomes.
On the other hand, the evidence is not strongly supportive of a harmful effect on
literacy development. Therefore, the results seem to be equivocal.
The implication of this is that the case for large investment in ICT by schools to
improve literacy has yet to be made. Ideally, therefore, large robust trials that
could confirm any benefit of ICT on literacy need to be done, otherwise the
continued high investment in ICT could be wasted.

5.1 Summary of principal findings
5.1.1 Identification of studies
Studies were retrieved from the three electronic databases. PsycInfo and ERIC
were the richest sources for retrieving RCTs for this review.

5.1.2 Mapping of all included studies
Forty-two RCTs were identified for the effectiveness map.

5.1.3 Nature of studies selected for effectiveness in-depth
review
The 12 included RCTs were assessed as being of ‘medium’ or ‘high’ quality in
terms of internal quality: ‘high’ quality in terms of relevance to the review;
‘medium’ or ‘high’ in terms of the relevance of the topic focus; and ‘medium’ or’
high’ for overall weight of evidence.
All 12 studies were undertaken in the USA with children aged between 5 and 14.
Seven of the RCTs included samples where all or half of the participants
experienced learning disabilities or difficulties or specific learning disabilities. All
12 studies focused on the psychological aspects or representations of literacy.

5.1.4 Synthesis of findings from studies in effectiveness indepth review
We identified 12 relatively small RCTs for the effectiveness in-depth review.
Some were so small that they could only really be considered to be pilot studies.
These tiny trials are the sum of the most rigorous evidence available to date upon
which to justify or refute the policy of spending millions of pounds on ICT
equipment, software and teacher training.
In Synthesis 1, for five different ICT interventions overall, we included 20
comparisons from the 12 RCTs, of which 13 were positive and seven were
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negative. Of the positive ones, three were statistically significant; of the seven
negative trials, one was statistically significant. These data would suggest that
there is little evidence to support the widespread use of ICT in literacy learning in
English. This also supports the findings from previous systematic reviews that
have used data from rigorous study designs. It also supports the most recent
observational data from the Impact2 study. These findings support the view that
ICT use for literacy learning should be restricted to pupils participating in rigorous
randomised trials of such technology.
In Synthesis 2, we undertook three principal meta-analyses: one for the effect of
CAI on spelling; one for the effect of word-processing on writing; and one for the
effect of computer-mediated texts on reading. In two, there was no evidence of
benefit or harm (in spelling and reading the small effect sizes were not statistically
significant). In writing, there was weak evidence for a positive effect, but it was
weak because only 42 children altogether were included in this meta-analysis.

5.2 Strengths and limitations of this systematic review
Strengths
We focused on a robust research design (RCT) appropriate for an effectiveness
review. We applied rigorous inclusion and exclusion criteria for including studies
in the in-depth review. All the included RCTs were highly relevant to the review,
and were assessed as being of high or medium overall weight of evidence.
We did not include studies of other experimental designs; we did not attempt to
combine the results of RCTs with trials of other designs.
There was high quality assurance for the review: independent double-screening,
data-extraction and quality assessment at each stage.

Limitations
As with all systematic reviews, there are some weaknesses to the review. One
criticism that could be made is that we did not search for any studies published
before 1990. The reason for this is that we felt that ICT of the 1980s and before
was relatively unsophisticated compared with current ICT provision. Therefore,
trying to inform current ICT policy from studies that used technology from the
1980s could be misleading.
Standardised effect sizes make assumptions that the different studies are
measuring similar enough outcomes for it to be sensible to try to put them into a
form where they can be synthesised. In all the included meta-analyses, the
outcomes were very similar. We therefore felt justified in synthesising them in a
series of meta-analyses. For example, all the spelling studies used spelling tests
of words taught in the intervention as post-test measures; the writing studies both
used holistic scoring measures of outcome. There was some diversity in the
interventions used in the individual studies. For example, in the spelling metaanalysis, all studies used the computer in the intervention but the teaching
strategies were slightly different. Similarly, the characteristics of the participants
in different studies in the meta-analyses differed. Some of the participants were
younger primary school children, whereas others were older primary school
children experiencing learning difficulties. However, it was not felt that these
differences were sufficient to preclude the use of meta-analyses in synthesizing
the studies.

A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16

52

Chapter 5: Effectiveness review - findings and implications

Another weakness is that we may have missed some studies. This is almost
inevitable in any review. Nevertheless, it is only a problem to the overall review if
the studies we have missed are systematically different from those we have
included. Nevertheless, we accept the possibility that our results could have
been affected by publication bias. Publication bias is a very real problem for any
systematic review. The fact that we have found and included some negative
studies of ICT and literacy is somewhat reassuring, as publication bias tends
mainly to affect negative studies. Nevertheless, one interpretation of our data
could be that our results are over-optimistic as it is likely that the studies that
remain unpublished are more likely to be negative studies than positive ones. If
this is true, then the overall effects of ICT could be harmful.
All the studies included in the in-depth review were undertaken in the US so they
may be of limited generalisability to the UK. All the participants in the studies
were either very young children in the stages of beginning literacy, or slightly
older children who were experiencing difficulties or disabilities in learning in
literacy.

5.3 Implications
5.3.1 Policy
Policy-makers should refrain from any further investment in ICT and literacy until
at least one large and rigorously designed randomised trial has shown it to be
effective in increasing literacy outcomes.

5.3.2 Practice
Teachers should be aware that there is no evidence that non-ICT methods of
instruction and non-ICT resources are inferior to the use of ICT to promote
literacy learning.

5.3.3 Research
A series of large, rigorously designed RCTs to evaluate ICT and literacy learning
across all age ranges is urgently required.
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APPENDIX 2.1: Exclusion criteria
English Review Group working document
Systematic review on ‘The impact of ICT on 5-16 year olds' literacy in English'
Screening studies for inclusion in ‘mapping’ section of review.
Exclusion criteria: to be included, a study must not fall into any one of the
following categories.
IF A STUDY IS TO BE EXCLUDED, RECORD REASON BY USING
APPROPRIATE EXCLUSION CODE (ONE, TWO, THREE, FOUR, OR FIVE)

EXCLUSION ON SCOPE
ONE

Not ICT or literacy
〈

〈

Definition of ICT: ICT stands for ‘information and communication technologies’,
networked technologies with a multimodal interface, i.e. networked and stand-alone
computers, mobile phones with the capacity for a range of types of communication, and
other technologies which allow multimodal and interactive communication.
Definition of literacy: Literacy can be defined narrowly, as the ability to understand and
create written language. It is, however, frequently defined in two broader senses, and
both are included in the present study. Firstly, the scope can be expanded so that
written language becomes written language and graphical or pictorial representation.
Secondly, the skill can be treated as social, rather than psychological; in this view
literacy is the ability to operate a series of social or cultural representations. Since sets
of expectations and norms differ depending on the situation, the social view of literacy
entails a number of different ‘literacies’.

TWO

Not children aged 5–16, or main focus not children aged 5–16

THREE

Not about the impact of ICT on literacy learning and/or teaching, or
vice versa
〈

Definition of the impact of ICT on literacy: Impact will be defined as the result on endusers (here children between 5 and 16) of an intervention aimed at improving the
teaching or learning of literacy. It may also be the result of a non-intervention activity
which could reasonably be expected to increase or decrease literacy. Either can be
considered as ‘literacy-related activities’. Entailment: A research study which focuses
on teachers’ or learners’ perspectives, opinions or strategies, may be considered to
deal with the impact of ICT on literacy as long as it refers to a specific literacy-related
activity.

EXCLUSION ON STUDY TYPE
FOUR
(a) Editorials, commentaries, book reviews
(b) Policy documents
(c) Prevalence or incidence of ICT in literacy learning
(d) Non-systematic reviews
(e) Non-evaluated interventions
(f) Surveys examining a range of curricular activities
(g) Resources
(h) Bibliography
(i) Theoretical paper
(j) Methodology paper
(k) Non-evaluated non-interventions∗
∗ A non-evaluated, non-intervention would typically describe a naturally occurring phenomenon,
rather than evaluating it. So an ethnographic case-study of a classroom, or a learning site of some
other kind, could fall into this category if it didn't attempt to evaluate processes or outcomes. Of
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(l) Dissertation abstracts (unless RCTs)
EXCLUSION ON SETTING IN WHICH STUDY WAS CARRIED OUT
FIVE

Settings in which a language other than English is being used as a
primary medium for literacy learning (i.e. include ESL and EAL,
exclude EFL).

Acknowledgements: This document was developed from the EPPI-Centre
Working document on Inclusion Criteria for Mapping. Training and support are
acknowledged.

course, all description is a kind of evaluation (as it will be based on selection according to certain
principles); but if those principles are not articulated, then it is hard to judge the work as research.
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APPENDIX 2.2: Search strategy for electronic
databases
ICT AND LITERACY – UPDATE SEARCHES
Searcher: Julie Glanville, NHS Centre for Reviews and Dissemination
Completed 20 August 2002

1. Databases
1a. ERIC
ERIC was searched on 16/8/2 using the BIDS Ovid interface. The database was
searched for the period of updates May 2001 to June 2002 and 181 records were
retrieved. The records were loaded into an Endnote library.
1. exp children/ or exp adolescents/
2. exp early adolescents/ or exp late adolescents/
3. exp preadolescents/ or exp secondary school students/
4. students/ or elementary school students/ or high risk students/
5. lower class students/ or middle class students/
6. middle school students/ or special needs students
7. exp special schools/ or disadvantaged youth
8. exp early childhood education/
9. exp elementary education/ or exp british infant schools/
10. exp elementary schools/ or exp middle schools/
11. exp public schools/ or exp secondary schools/ or exp state schools/
12. or/1-11
13. exp computers/ or computer centers/ or computer games/
14. computer graphics/ or exp computer interfaces/ or computer managed
instruction/
15. computer mediated communication/ or exp computer networks/ or exp
computer software/
16. exp computer uses in education/ or exp expert systems/
17. hypermedia/ or gateway systems/ or information systems/
18. information technology/ or exp man machine systems/
19. multimedia materials/ or natural language processing/
20. exp optical disks/
21. "screen design (computers)"/
22. telecommunications/ or virtual reality/ or workstations/
23. multimedia instruction/ or nonprint media/ or world wide web/ or internet/
24. or/13-23
25. 12 and 24
26. literacy/ or exp functional literacy/ or exp reading/ or "writing
(composition)"/
27. literacy education/ or exp reading skills/ or reading ability/
28. reading failure/ or reading habits/ or reading improvement/
29. exp reading instruction/ or basic writing/ or children's writing/
30. creative writing/ or descriptive writing/ or exp handwriting/
31. exp sentences/ or spelling/ or exp writing ability/
32. writing exercises/ or writing improvement/ or writing instruction/
33. sentence structure/ or syntax/ or alphabetizing skills/
34. or/26-33
35. 25 and 34
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36. *adult education/
37. *postsecondary education/ or exp *adults/
38. *adult learning/ or *adult literacy/
39. exp *adult programs/
40. *adult basic education/ or *workplace literacy/
41. or/36-40
42. 35 not 41
43. limit 42 to english language
44. (computer$ adj3 literacy).mp.
45. (computer$ adj3 literacies).mp.
46. (computer$ adj3 read).mp.
47. (computer$ adj3 reading).mp.
48. (computer$ adj3 spell).mp.
49. (computer$ adj3 spelling).mp.
50. (computer$ adj3 write).mp.
51. (computer$ adj3 writing).mp.
52. (computer$ adj3 learn).mp.
53. (computer$ adj3 learning).mp.
54. (cal adj3 (read or reading or spell or spelling or write or writing or learn or
learning)).mp.
55. (cai adj3 (read or reading or spell or spelling or write or writing or learn or
learning)).mp.
56. (call adj3 (read or reading or spell or spelling or write or writing or learn or
learning)).mp.
57. (multimedia adj3 (read or reading or spell or spelling or write or writing or
learn or learning)).mp.
58. (ict adj3 (read or reading or spell or spelling or write or writing or learn or
learning)).mp.
59. (www adj3 (read or reading or spell or spelling or write or writing or learn
or learning)).mp.
60. (software adj3 (read or reading or spell or spelling or write or writing or
learn or learning)).mp.
61. or/44-60
62. 61 not (43 or 41)
63. limit 62 to english language
64. 50 and 12
65. 63 and 12
66. 65 or 42
67. 65 or 43
68. ("200105" or "200106" or "200107" or "200108" or "200109" or "200110"
or "200111" or "200112" or "200201" or "200202" or "200203" or "200204"
or "200205" or "200206").em.
69. 67 and 68
1b British Education Index
The BEI was searched on 19/8/2 using the BIDS Ovid interface. The database
was searched for the updates first quarter 2001 to first quarter 2002 and 67
records were retrieved. The records were loaded into an Endnote library.
1.
2.
3.
4.
5.
6.
7.

ict.mp.
(information adj technolog$).mp.
(communication adj technolog$).mp.
(cal or cai or computer$ or multimodal or multimedia).mp.
(networked adj technolog$).mp.
(mobile adj phone$).mp.
(digital adj media).mp.
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8. (internet or cdrom or hypertext or www).mp.
9. (world adj wide adj web).mp.
10. (worldwide adj web).mp.
11. software.mp.
12. "computer uses in education".sh.
13. ("computer assisted learning" or "educational software").sh.
14. information systems/
15. "educational technology".sh.
16. exp "screens (displays)"/
17. “electronic books".sh.
18. "multimedia approach".sh.
19. "computer games".sh.
20. or/1-19
21. (literacy or literacies).mp.
22. "spelling teaching".sh.
23. reading comprehension/
24. reading skills/
25. reading teaching/
26. (learn adj4 english).mp.
27. (learn adj4 read).mp.
28. (learn adj4 reading).mp.
29. (learn adj4 writing).mp.
30. (learn adj4 write).mp.
31. (learn adj4 spell$).mp.
32. (learning adj4 english).mp.
33. (learning adj4 read).mp.
34. (learning adj4 reading).mp.
35. (learning adj4 write).mp.
36. (learning adj4 writing).mp.
37. (learning adj4 spell$).mp.
38. (teach$ adj4 english).mp.
39. (teach$ adj4 read).mp.
40. (teach$ adj4 reading).mp.
41. (teach$ adj4 writing).mp.
42. (teach$ adj4 write).mp.
43. (teach$ adj4 spell$).mp.
44. (develop$ adj4 english).mp.
45. (develop$ adj4 read).mp.
46. (develop$ adj4 reading).mp.
47. (develop$ adj4 writing).mp
48. (develop$ adj4 write).mp.
49. (develop$ adj4 spell$).mp.
50. (reading adj3 disab$).mp.
51. reading ability/
52. reading improvement/
53. spelling/
54. writing skills/
55. reading difficulties/
56. or/21-55
57. computer assisted reading/
58. computer assisted language learning/
59. 20 and 56
60. or/57-59
61. adult literacy/
62. adult basic education/
63. adult basic education.id.
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64. higher education.id.
65. professional education.id.
66. or/61-65
67. 60 not 66
68. ("200101" or "200102" or "200103" or "200104" or "200201").up.
69. 67 and 68
1c PsycINFO
PsycINFO was searched on 19/8/02 using the WEBSPIRS interface. The
database was searched for the updates 2001/4 week 1 to 2002/8 week 1 and 122
records were retrieved.
The records were loaded into an Endnote Library.
#1 explode 'Computers-' in DE (222 records)
#2 explode 'computer-applications' in de (1274 records)
#3 'computer-games' in de (45 records)
#4 explode 'computer-simulation' in de (751 records)
#5 explode 'computer-software' in de (382 records)
#6 'Electronic-Communication' in DE (231 records)
#7 explode 'information-systems' in de (913 records)
#8 'internet-' in de (771 records)
#9 'word-processing' in de (18 records)
#10 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 (2940 records)
#11 'literacy-' in de (323 records)
#12 'literacy-programs' in de (75 records)
#13 explode 'language-arts-education' in de (307 records)
#14 explode 'reading' in de (399 records)
#15 'reading-development' in de (144 records)
#16 explode 'reading-measures' in de (26 records)
#17 explode 'reading-skills' in de (329 records)
#18 'writing-skills' in de (179 records)
#19 #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 (1394 records)
#20 'computer-assisted-instruction' in de (365 records)
#21 #10 or #20 (2940 records)
#22 #19 and #21 (64 records)
#23 (ict near (literacy or read or reading or spell or spelling or write or writing))
in ti,ab (0 records)
#24 (information technolog* near (literacy or read or reading or spell or spelling
or write or writing)) in ti,ab (5 records)
#25 (communication technolog* near (literacy or read or reading or spell or
spelling or write or writing)) in ti,ab (3 records)
#26 (cal near (literacy or read or reading or spell or spelling or write or writing))
in ti,ab (0 records)
#27 (cai near (literacy or read or reading or spell or spelling or write or writing))
in ti,ab (2 records)
#28 (networked technolog* near (literacy or read or reading or spell or spelling
or write or writing)) in ti,ab (0 records)
#29 (multimodal near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (3 records)
#30 (digital media near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (0 records)
#31 (internet near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (42 records)
#32 (cdrom near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (0 records)
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#33 (hypertext near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (5 records)
#34 (wide web near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (13 records)
#35 (www near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (1 record)
#36 (worldwide web near (literacy or read or reading or spell or spelling or write
or writing)) in ti,ab (0 records)
#37 (software near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (33 records)
#38 (computer* near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (163 records)
#39 (electronic near (literacy or read or reading or spell or spelling or write or
writing)) in ti,ab (23 records)
#40 #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33
or #34 or #35 or #36 or #37 or #38 or #39 (236 records)
#41 'adult-development' in de (253 records)
#42 'adult-education' in de (48 records)
#43 'adult-learning' in de (42 records)
#44 (ADULTHOOD in AG:PY) or (AGED in AG:PY) or (MIDDLE-AGE in
AG:PY) or (THIRTIES in AG:PY) or (VERY-OLD in AG:PY) or (YOUNGADULTHOOD in AG:PY) (45840 records)
#45 #41 or #42 or #43 or #44 (45904 records)
#46 #22 or #40 (258 records)
#47 #46 not #45 (137 records)
#48 #47 and (la='english') (133 records)
#49 (20000809 in UD:PY) or (20000816 in UD:PY) or (20000823 in UD:PY) or
(20000830 in UD:PY) or (20000906 in UD:PY) or (20000913 in UD:PY) or
(20000920 in UD:PY) or (20000927 in UD:PY) or (20001101 in UD:PY) or
(20001108 in UD:PY) or (20001115 in UD:PY) or (20001129 in UD:PY) or
(20001206 in UD:PY) or (20001213 in UD:PY) or (20001220 in UD:PY) or
(20001227 in UD:PY) or (20010103 in UD:PY) or (20010110 in UD:PY) or
(20010117 in UD:PY) or (20010124 in UD:PY) or (20010131 in UD:PY) or
(20010207 in UD:PY) or (20010214 in UD:PY) or (20010221 in UD:PY) or
(20010228 in UD:PY) or (20010307 in UD:PY) or (20010314 in UD:PY) or
(20010321 in UD:PY) or (20010328 in UD:PY) (5963 records)
#50 #48 not #49 (122 records)
1d. Cochrane Library
Issue 2002/2 of the Cochrane Library was searched. 338 records were identified.
As it is not possible to limit to a range of update periods, the records were handsifted by the information officer to exclude large numbers of records about
computer-based training of health professionals. The resulting records (11) were
loaded into an Endnote Library.
1. COMPUTER* near LITERACY
2. COMPUTER* near LEARN*
3. COMPUTER* near SPELL*
4. cOMPUTER* near READ*
5. COMPUTER* near WRIT*
6. hYPERMEDIA near LITERACY
7. hypermedia near LEARN*
8. hypermedia near SPELL*
9. hypermedia near READ*
10. hypermedia near WRIT*
11. SYSTEM* near LITERACY
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12. system* near LEARN*
13. system* near SPELL*
14. system* near READ*
15. system* near WRIT*tECHNOLOG* near LITERACY
16. tECHNOLOG* near LEARN*
17. tECHNOLOG* near SPELL*
18. tECHNOLOG* near READ*
19. tECHNOLOG* near WRIT*MULTIMEDIA near LITERACY
20. MULTIMEDIA near LEARN*
21. MULTIMEDIA near SPELL*
22. MULTIMEDIA near READ*
23. MULTIMEDIA near WRIT*DISK* near LITERACY
24. DISK* near LEARN*
25. DISK* near SPELL*
26. DISK* near READ*
27. DISK* near WRIT*TELECOMMUNICATION* near LITERACY
28. TELECOMMUNICATION* near LEARN*
29. TELECOMMUNICATION* near SPELL*
30. TELECOMMUNICATION* near READ*
31. TELECOMMUNICATION* near WRIT*VIRTUAL near LITERACY
32. VIRTUAL near LEARN*
33. VIRTUAL near SPELL*
34. VIRTUAL near READ*
35. VIRTUAL near WRIT*WORKSTATION* near LITERACY
36. WORKSTATION* near LEARN*
37. WORKSTATION* near SPELL*
38. WORKSTATION* near READ*
39. WORKSTATION* near WRIT*wide NEAR LITERACY
40. wide near LEARN*
41. wide near SPELL*
42. wide near READ*
43. wide near WRIT*WORLDWIDE near LITERACY
44. WORLDWIDE near LEARN*
45. WORLDWIDE near SPELL*
46. WORLDWIDE near READ*
47. WORLDWIDE near WRIT*WWW near LITERACY
48. WWW near LEARN*
49. WWW near SPELL*
50. WWW near READ*
51. WWW near WRIT*INTERNET near LITERACY
52. INTERNET near LEARN*
53. INTERNET near SPELL*
54. INTERNET near READ*
55. INTERNET near WRIT*ICT near LITERACY
56. ICT near LEARN*
57. ICT near SPELL*
58. ICT near READ*
59. ICT near WRIT*cal near LITERACY
60. cal near LEARN*
61. cal near SPELL*
62. cal near READ*
63. cal near WRIT*cai near LITERACY
64. cai near LEARN*
65. cai near SPELL*
66. cai near READ*
67. cai near WRIT*
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68. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15
or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or
28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40
or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or
53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65
or 66 or67
1e. Canadian Business and Current Affairs (CBCA) Fulltext Education
database
Not available to CRD; not searched for update by CRD.

1f. Dissertation abstracts
Dissertation abstracts was searched using the Dialog Service. The search
covered the period July 2001 to July 2002. Forty-five records were identified and
the free formats were downloaded. These records give title and indexing only and
should be scanned. Any of interest can then be sent back to the Information
Officer who will obtain bibliographic details and abstracts.
1
S COMPUTER?
2
S EXPERT()SYSTEM? ?
3
S HYPERMEDIA OR INFORMATION()SYSTEMS
4
S INFORMATION()TECHNOLOGY
5
S MULTIMEDIA OR NATURAL()LANGUAGE()PROCESSING
6
S OPTICAL()DISK? ?
7
S TELECOMMUNICATIONS OR VIRTUAL()REALITY OR
WORKSTATION? ?
8
S WORLD()WIDE()WEB OR INTERNET OR WWW
9
S ICT OR CAL OR CAI
10 S LITERACY OR READING OR WRITING
11 S SENTENCES OR SPELLING OR SYNTAX
12 S ADULT? ? OR POSTSECONDARY OR UNIVERSITY OR
HIGHER()EDUCATION
13 S S1:S9
14 S S10:S11
15 s s13(3n)s14
16 s S15 NOT S12
17 s S16/ENG
18 s UD='200107':UD='200207'
19 s S17 AND S18
1g. Social Science Citation Index
This database was searched using the Dialog service (file 7). This was used in
preference to the Web of Science interface because it allows more focused
searching. The database was searched for the period June 2001 to August 2002
week 3. Forty-two records were identified and the free formats were downloaded.
These records give title and indexing only and should be scanned. Any of interest
can then be sent back to the Information officer who will obtain bibliographic
details and abstracts.
1
2
3
4

S CHILDREN OR ADOLESCENTS
S SECONDARY()SCHOOL? ?
S ELEMENTARY()SCHOOL? ?
S MIDDLE()SCHOOL? ?
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5
S SPECIAL()SCHOOL? ?
6
S CHILDHOOD
7
S ELEMENTARY()EDUCATION OR INFANT()SCHOOL? ?
8
S PUBLIC()SCHOOL? ? OR STATE()SCHOOL? ?
9
S COMPUTER?
10 S EXPERT()SYSTEM? ?
11 S HYPERMEDIA OR INFORMATION()SYSTEMS
12 S INFORMATION()TECHNOLOGY
13 S MULTIMEDIA OR NATURAL()LANGUAGE()PROCESSING
14 S OPTICAL()DISK? ?
15 S TELECOMMUNICATIONS OR VIRTUAL()REALITY OR
WORKSTATION? ?
16 S WORLD()WIDE()WEB OR INTERNET OR WWW
17 S LITERACY OR READING OR WRITING
18 S SENTENCES OR SPELLING OR SYNTAX
19 S ADULT? ? OR POSTSECONDARY OR UNIVERSITY OR
HIGHER()EDUCATION
20 S ICT OR CAL OR CAI
21 S S1:S8
22 S S9:S16 OR S20
23 S S17:S18
24 S S22(3N)S23
25 S S24 NOT S19
26 S S25/ENG
27 S UD>200106
28 S S27 AND S26
1h. SIGLE
The SIGLE database was searched using the ARC WinSPIRS service. The
database was searched from updates 2001/1 to 2002/6. Three records were
retrieved and loaded into the Endnote library.
1. (ict near (literacy or read or reading or spell or spelling or write or writing)) in
ti,ab
2. (information technolog* near (literacy or read or reading or spell or spelling or
write or writing)) in ti,ab
3. (communication technolog* near (literacy or read or reading or spell or
spelling or write or writing)) in ti,ab
4. ((cal or cai or networked technolog*) near (literacy or read or reading or spell
or spelling or write or writing)) in ti,ab
5. ((multimodal or digital media or internet) near (literacy or read or reading or
spell or spelling or write or writing)) in ti,ab
6. ((cdrom or hypertext or wide web or www or worldwide web) near (literacy or
read or reading or spell or spelling or write or writing)) in ti,ab
7. ((software or computer* or electronic) near (literacy or read or reading or spell
or spelling or write or writing)) in ti,ab
8. #1 or #2 or #3 or #4 or #5 or #6 or #7

2. Internet
A selection of key internet sites were searched. Given the largely unstructured
nature of web pages, it is difficult to restrict searches to material added since a
previous search. Where possible, pages visited previously were revisited and
researchers will need to look through the printouts and downloaded files to
identify new material.
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2a. Voice of the Shuttle (http://vos.ucsb.edu/)
Web page for humanities research (accessed 20 August 2002).
Search terms:

literacy

The resulting pages of links were printed out for scanning by researchers.
2b. British Educational Communications and Technology Agency
(http://www.becta.org.uk)
Accessed 20 August 2002. Printed out web page on literacy information
(http://www.becta.org.uk/start/literacy.html) and other 'research' oriented BECTA
pages.
Followed links to Literacy Time website (http://vtc.ngfl.gov.uk/literacy/index.html).
Printed out Research and Reports page
(http://vtc.ngfl.gov.uk/literacy/features/research_reports.html).
2c. OFSTED (http://www.ofsted.gov.uk)
The A-Z of OFSTED Publications list was printed out (20 August 2002).
(http://www.ofsted.gov.uk/public/index.htm). In addition the list of publications for
2002 was printed out separately.
2d. National Literacy Trust (http://www.literacytrust.org.uk)
This web site was searched on 20 August 2002. The web pages were saved as
files nlt1.htm to nlt12.htm and will need to be scanned for new and relevant
information.
Searched ICT subsections.
Searched Ongoing research database.
Searched Research Findings database, using subject heading assigned by NLT:
"Information technology and literacy". Retrieved 1 record.
Searched literacy researchers list and printed out.
Printed out a wide range of bibliographies and links pages.
2e Teachers Evaluating Educational Multimedia (http://www.teem.org.uk)
Accessed the web site (20 August 2002). This website still focuses on case
studies, teachers' evaluations of software and publishers' product information. No
further information on research evidence was identified.

3. Handsearches
All journals were searched for the period July 2001 to October 2002.
Australian Journal of Language and Literacy
English in Australia
English in Aeoteroa
Literacy Learning
Education Media International
Dyslexia
Reading and Writing
Education, Communication and Information
English in Education
Research in the Teaching of English
Journal of Educational Computing Research
Changing English
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V0.9.5 Bibliographic details and/or unique identifier…………………………
1. Identification of report
Citation
Contact
Handsearch
Unknown
Electronic database
(Please specify.) …………………………

2. Status
Published
In press
Unpublished

3. Linked reports
Is this report linked to one or more other
reports in such a way that they also report
the same study?
Not linked
Linked
(Please provide bibliographical details
and/or unique identifier.)
…………………………………………………
…………………………………………………
…………………………………………………
…………………………………………………

4. Language (Please specify.)
……………………………………………
5. In which country/countries was the
study carried out? (Please specify.)
……………………………………………
……………………………………………
……………………………………………

6. What is/are the topic focus/foci of the
study?

8. What is/are the population focus/foci of
the study?

Assessment
Classroom management
Curriculum*
Equal opportunities
Methodology
Organisation and management
Policy
Teacher careers
Teaching and learning
Other (Please specify.)…………………

Learners*
Senior management
Teaching staff
Non-teaching staff
Other education practitioners
Government
Local education authority officers
Parents
Governors
Other (Please specify.) ……………………………

*6a Curriculum

*8a Age of learners (years)

Art
Business studies
Citizenship
Cross-curricular
Design and technology
Environment
General
Geography
Hidden
History
ICT
Literacy – first language
Literacy further languages
Literature
Maths
Music
PSE
Phys. Ed.
Religious Ed.
Science
Vocational
Other (Please specify.) ……………………..

0-4
5-10
11-16
17-20

7. Programme name (Please specify.)
…………………………………………..

21 and over
*8b. Sex of learners
Female only
Male only
Mixed sex

10. Which type(s) of study
does this report describe?
A.
B.
C.

D.
E.

Description
Exploration of relationships
Evaluation
a. Naturally occurring
b. Researchermanipulated
Development of methodology
Review
a. Systematic review
b. Other review

Please state here if keywords
have not been applied from any
particular category (1-10) and
the reason why (e.g. no
information provided in the text)
…………………………………………

9. What is/are the educational setting(s) of
the study?
Community centre
Correctional institution
Government department
Higher education institution
Home
Independent school
Local education authority
Nursery school
Post-compulsory education institution
Primary school
Pupil referral unit
Residential school
Secondary school
Special needs school
Workplace
Other educational setting (Please specify.)…….
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KEYWORDS FOR ENDNOTE NO ………………………
14. Focus of the report (Tick all that apply.)
literacy
genre
literacies
literature
multimodality
reading
spelling
writing

learning
assessment
dyslexiahypertext
learning difficulties
learning disabilities
motivation
teaching
ESL/EAL
audience
comprehension

16. What principal aspect(s) of literacy is the study
focused on increasing? (Tick all that apply.)
16a.

psychological aspects
or representations
social representations and/or
cultural/critical representations

16b.

writing print and graphical
or pictorial representation
reading print and graphical or
pictorial representations

15. Type(s) of intervention or nonintervention (Tick all that apply.)
ICT
CAI/CAL

computer – stand alone (software)
computer – networked (e-mail)
computer – networked (internet)
mobile phone
other technology _______________
(Please specify.)

moving image
multimedia
word processing

17. Which outcomes are reported?
(tick all that apply)
test results - reading
- writing
- spelling
examination results
motivation/engagement
self-esteem/attitude
quality of writing
increased awareness of process
quality of reading
quality of response to multimedia

KEYWORDER …………………………………………………….
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(researcher-manipulated), is it
A.
B.
C.

RCT
Trial
Other?

DATE …………………………
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Literacy
The ability to read and write.
Genre
Basically, a type or category of text. In the Australian tradition, it means ‘texttype’. In the North American sociological tradition, it means identifiable patterns of
‘social action’ grounded in texts.
Literacies
‘Literacy’ can be defined narrowly, as the ability to understand and create written
language. It is, however, frequently defined in two broader senses, and both are
included in the present review. Firstly, the scope can be expanded so that written
language becomes written language and graphical or pictorial representation.
Secondly, the skill can be treated as social, rather than psychological; in this
view, literacy is the ability to operate a series of social or cultural representations.
Both these expansions of the narrow term ‘literacy’ can be termed ‘literacies’.
Literature
Fictional, dramatic or poetic texts.
Multimodality
The use of more than one mode of communication to convey ‘information’. All
texts, in a sense, are multimodal in that printed writing is both visual and verbal.
Multimodality is usually reserved for the combination of word and image and/or
sound conveyed via the computer screen.
Reading
The act of bringing meaning to print.
Spelling
Orthographic representation of phonemes, morphemes and words.
Writing
This term should be reserved for papers that study the impact of ICT on general
writing skills and capabilities: for example, the structure and expression of
compositions.
ICT
‘ICT’ is taken to include stand-alone computers, networked technologies with a
multimodal interface, mobile phones with the capacity for a range of types of
communication, and other technologies which allow multimodal and interactive
communication.
CAI/CAL
‘Computer-assisted instruction’ and ‘computer-assisted learning’. The former
tends to be associated with self-supporting computer programs which replace the
teacher, rather than complementing him/her.
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Hypertext
Computer-readable text which allows for extensive cross-referencing, particularly
‘vertically’: that is, it is possible to conceive of and present text in vertical layers
rather than conventionally, in a horizontal plane.
Moving image
Film, video, animation.
Multimedia
The use of more than one medium of communication to convey information.
Whereas multimodality refers to the combination of more than one mode of
communication (e.g. the verbal and visual), multimedia is a more technical term
referring to a range of media which can convey such modes of communication.
Word-processing
The composition of verbal language on screen, usually on computer and in
substantial form (as opposed to ‘texting’).
Learning
The transformation from one state of personal knowledge to another.
Assessment
The measurement of learning performance, either ‘summative’ (at the end of a
process of learning) or ‘formative’ (during the process of learning).
Dyslexia
Difficulty with learning to read or spell, arising from problems with graphophonemic equivalence. Also known as ‘specific learning difficulties’.
Learning difficulties
These are difficulties with learning encountered by any children or young people
of any age, and are associated with a variety of barriers to learning that may be
temporary and which may be overcome by teaching strategies, appropriate
curricula, etc.
Learning disabilities
These are more profound and developed difficulties with learning encountered by
children and young people of any age, and are associated with a variety of
barriers to learning that are usually more permanent.
Motivation
The impulse and/or desire to learn.
Teaching
Teacher-centred strategies for encouraging, eliciting and developing learning in
pupils and students.
ESL/EAL
‘English as a second language’ (as opposed to EFL, ‘English as a foreign
language’) refers to the language as learnt and taught by people for whom
English is not a first language or mother tongue, but is acquired (often with much
teaching help) as a second language with distinct functions in society. ‘English as
an additional language’ (EAL) is now the preferred term, as it implies that English
may be learnt not only as a second language, but as a third or fourth language in
a culture.
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Appendix 2.5: Glossary for review-specific keywords

Audience
This term can refer to an audience of one, as in a single respondent or listener,
up to an audience of inestimable size via the Internet.
Comprehension
Understood by psychologists as a key activity in learning to read, and
complementing ‘decoding’ of printed text. Understood by English teachers as a
now outmoded form of textual analysis and appreciation in which text is subjected
to a series of questions to elicit understanding.
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APPENDIX 2.6: Calculating Hedges’ g
First, d is calculated from the means, standard deviations and sample sizes
entered into outcome records.
d=

X1 − X 2
s

where:
X 1 = mean of intervention group
X 2 = mean of comparison or control group
(n1 − 1) SD21 + (n2 − 1) SD22
n1 + n2 − 2

s=

where:
n1 = sample size for group 1
n2 = sample size for group 2
SD1 = standard deviation group 1
SD2 = standard deviation group 2
d is then corrected for sample size using the formula:

g c = g (1 −

3
)
4N − 9

and its standard error is calculated:
SE =

n1 + n2
( gc ) 2
+
n1n2
2( n1 + n2 )

Where: n1 = sample size of group 1 and
n2 = sample size of group 2

Formulae for combining studies using the inverse variance
method
Each study is weighted according to the formula:
wi =

1
SE (Θi ) 2

where Θi is the effect size of the study and SE is its standard error
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The combined effect, Θiv is calculated

Θiv =

∑wΘ
∑w
i

i

i

and its standard error:

SE (ΘIV ) =

1

∑w

i

The heterogeneity statistic, Q, is calculated using the formula below. Since it is
distributed as a chi-square, a p-value is obtained with k-1 degrees of freedom,
where k is the number of effect sizes being combined.

Q = ∑ wi (Θ i − Θ iv ) 2
95% confidence intervals for individual and overall effects are calculated using
the formula:

Θ ± (1.96 * SE (Θ))
The test statistic (z) for overall effect is:

z=

Θ
SE (Θ)
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APPENDIX 4.1: Characteristics of included studies
Author, date
and country
Berninger et al.
(1998)
USA

Study type

Aim

What was studied?

Evaluation:
researchermanipulated,
RCT

Golden et al.
(1990)
USA

Evaluation:
researchermanipulated,
RCT

Sample: 48 second-grade children (mean age
of101.77 months) with spelling (n = 24) or
spelling and handwriting (n = 24) disabilities
were randomly assigned to pencil or computer
response mode. They were taught 48 words of
varying orders of sound-spelling predictability,
using a method that emphasised hearing the
word in the mind’s ear and seeing the word in
the mind’s eye and making connections between
the phonological and orthographic
representations at the whole word and subword
levels.
Each word in a set of 48 words was taught using
methods that were identical in both treatment
conditions except:
Intervention: Children ‘wrote’ the words with a
computer keyboard.
Control: Children wrote the words with a pencil.
Outcome measurements: Five measures of
spelling were the WIAT spelling subtests; the
WRAT-3 spelling subtest; a spelling inventory of
48 words scored in two ways: a total score
summed across the eight orders and a separate
score for the easy, moderate and difficult orders.
Sample: 31, middle-school (years 6, 7 and 8)
To evaluate the
effect of computer students ‘receiving remedial instruction in
networking program reading’ randomly assigned to intervention or
in providing guided control
practice in teaching Intervention: Students received guided practice
– computer networking provided the teacher with
reading
information for determining the nature and
comprehension.
extent of guided practice necessary.
Control: Students completed a worksheet
containing the same questions that were given
to the guided practice group; the teacher
To determine
whether the
computer or the
pencil is the more
effective response
mode in learning to
spell words.
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How was it studied?

Measure of effectiveness

RCT (individual)
Spelling: No significant difference between
Pre-, mid-, and post- the two groups in all five outcome measures.
test data
One large positive effect (for control) for
Spelling Order Easy but not statistically
significant so potential for Type II error.
Spelling and handwriting: No significant
differences between the two groups in four
outcome measures. One large positive effect
(borderline statistical significance) for one
outcome measure – Spelling Order
Moderate. One large (but not statistically
significant) effect for Spelling Order Difficult.
Again, possibility of Type II error.

RCT (individual)
Pre- and post-test
data

QAR2 (metacognitive strategy): No
significant differences at immediate post-test;
large positive effect for intervention at
maintenance (borderline statistical
significance).
Rule-based inferences test: No significant
difference at immediate post-test; large
positive and statistically significant effect for
intervention.
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Author, date
and country

Study type

Heise et al.
(1991)
USA

Evaluation:
researchermanipulated,
RCT

Jinkerson and
Baggett
(1993)
USA

Evaluation:
researchermanipulated,
RCT

Jones
(1994)
USA

Evaluation:
researchermanipulated,
RCT

Aim

What was studied?

corrected and analysed the worksheets.
Outcome measurements: QAR2 (metacognitive
strategy) and rule-based inferences test.
To investigate the Sample: 56 third grade and sixth to eighth grade
‘remedial’ students were match paired by grade
role that CAI may
level, scores and gender. One student of each
play in the
pair was randomly allocated to computerdevelopment of
administered instruction (CAI).
base vocabulary
Intervention: CAI used to present vocabulary
(reading) in
(Word Attack software package designed to
students.
teach new words, definitions and their usage).
Control: Teacher-directed instruction
(conventional instruction) similar to the
presentation on the software package.
Outcome measurements: CTBS (total reading –
vocabulary and comprehension)
Ginn Vocabulary Extraction Test (base
vocabulary knowledge)
To determine if the Sample: 20 students aged 9-11 (average age of
10.1 years) were randomly allocated to
use of a spellchecker would aid intervention or control.
Intervention: students used a spell checker to
students in
identify and correct mis-spellings in a pre-written
identifying and
story.
correcting misspelled words in a Control: Students identified and corrected misspellings in a pre-written story by hand.
pre-written story
Outcome measurements: Oral spelling test;
and to compare
difference between number of words correctly
their performance
with those making spelled on the oral post-test and the number of
spelling corrections words corrected in the story; comprehension
quiz score.
by hand
To determine if the Sample; 20 second grade students were
use of a word
randomly allocated to intervention or control.
processing program Intervention: The students used the Magic Slate
during language
word-processing program to independently
instruction would
complete seven written assignments.
result in a larger
Control: The students used pencil and paper to
complete independently seven written
quantity of writing

A systematic review and meta-analysis of the effectiveness of ICT on literacy learning in English, 5-16

How was it studied?

Measure of effectiveness

RCT (individual)
Pre- and post-test
data

CTBS: No significant difference between the
two samples
Ginn vocabulary: No significant difference
between the two groups

RCT (individual)
Data collected during
and after the
intervention

Oral spelling post-test: No significant
differences between the groups
Quiz score: No significant differences
between the groups
Difference between number of words
correctly spelled on the oral post-test and the
number of words corrected in the story: large
positive and statistically significant effect for
the CAI group

RCT (individual)
Pre- and post-test
data

Quality of writing (holistic score): Large
positive and significant effect for intervention
Quantity of text (word count): No significant
differences between the groups
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Author, date
and country

Study type

Lin et al.
(1991)
USA

Evaluation:
researchermanipulated,
RCT

MacArthur et
al.
(1990)
USA

Evaluation:
researchermanipulated,
RCT

Aim

What was studied?

and whether it
would influence the
holistic writing
quality of second
grade students
when they compose
with pencil and
paper
To assess the
differential effects
of the critical
features of
computer-assisted
instruction (CAI)
and a more
traditional paperand-pencil
approach on
automatisation of
word-recognition
skills among mildly
mentally
handicapped and
non-handicapped
learners
To compare
computer-assisted
instruction (CAI)
and paper-andpencil instruction
(PPI) as a means of
delivering
independent
spelling practice in
classes for ‘learning
disabled’ (LD)
students

assignments.
Outcome measurements: Quality of writing
(holistic score); quantity of text (word count).

How was it studied?

Measure of effectiveness

RCT (individual)
Sample: 93 ‘non-handicapped’ second grade
students (mean age of 7.81 years), and ‘mildly Pre- and post-test
data
mentally handicapped’ students from various
grades (mean age of 8.86 years) were randomly
allocated to instructional medium (CAI or paper
and pencil).
Intervention: CAI condition: Word Attack
software program employed to teach word
recognition skills (presentation and practice
phases)
Control: Paper and pencil condition with
Flashcards and worksheets employed to teach
word-recognition skills (presentation and
practice phases)
Outcome measurements: Accuracy and
response times

Accuracy scores (non-handicapped): No
significant differences between the groups
Accuracy scores (handicapped): Borderline
significant positive effect for control
Accuracy scores (total): Significant positive
effect for control
Response times (non-handicapped): Positive
and significant effect for intervention
Response times (handicapped): Positive and
borderline significant effect for intervention

Sample: 44 fifth and sixth grade students were RCT (individual)
pair-matched for classroom, gender and spelling Pre- and post-tests
Retention test
scores. One student from each pair was
randomly allocated to the intervention. The
instructional designs of the two programs were
not identical, but rather made use of features
typical of CAI and PPI drill activities. Each
program exploited the potential benefits of its
medium in ways consistent with the contextual
constraints of independent practice. The
principal differences were in procedures for
feedback and review, and in the degree of
student control.

Spelling retention test: No significant
difference between the groups
Week 1, week 2, week 3 and week 4 spelling
tests: No significant differences between the
groups
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Author, date
and country

Study type

Matthew
(1996)
USA

Evaluation:
researcher manipulated,
RCT

Mitchell and
Fox (2001)

Evaluation:
researcher-

Aim

What was studied?

How was it studied?

Intervention: The CAI program provided
immediate corrective feedback on all responses
and required the student to respond correctly
before continuing. Words spelled incorrectly
were presented later in the same day of
practice. The CAI program also completely
controlled the sequence of activities and in some
cases regulated the pacing.
Control: In the PPI program, feedback was
provided by self-checking and delayed feedback
from the teacher. Students were prompted by
the materials to check their own work and
practise the words until they spelled them
correctly. Corrective feedback from the teacher
was received on the following day and students
corrected their previous work before doing the
new work. The sequence of activities was
prescribed, the daily work was presented in an
organised fashion in a folder, and students were
taught study procedures. However, unlike the
CAI program, the materials themselves did not
force students to follow the study and selfchecking procedures.
Outcome measurements: Spelling achievement
RCT (individual)
Sample: 74 third grade students were pairTo compare the
Pre- and post-test
matched (37 pairs). One student in each pair
reading
comprehension and was randomly allocated to either experimental or data
control condition.
attitudes towards
Intervention: Students in the experimental group
reading of third
grade students who read CD-ROM books on the computer.
Control: Students in the control group read the
read CD-ROM
same books in a traditional print format.
interactive
Outcome measurements: Reading
storybooks with
comprehension (open-ended questions and
those who read
story re-telling)
traditional print
storybooks
To examine the
Sample: 72 kindergarten and first grade
RCT (individual)
effectiveness of two students (mean age of 76.11 months) were
Pre- and post-test
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Measure of effectiveness

Open-ended questions: No significant
differences between the two groups
Story re-telling: Positive and significant effect
for intervention (borderline significance)

PAT total test: Positive and significant effect
for control
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Author, date
and country
USA

Study type

Aim

manipulated,
RCT

computer programs
designed to
increase
phonological
awareness in young
children. To
compare the effects
of computeradministered
phonological
awareness
instruction with the
effects of teacherdelivered
phonological
instruction

Reinking and
Rickman
(1990)
USA

Evaluation:
Researchermanipulated,
RCT

What was studied?

How was it studied?

data
randomly allocation to intervention or control
condition (three different groups).
Intervention: Phonological awareness software –
Daisy Quest and Daisy’s Castle. Instruction and
practice in rhyme identification, and in the
identification of beginning, middle, and ending
sounds in words; teaching and reinforcement of
segmenting words into individual phonemes and
blending were provided through the computer
software. Both programs are highly interactive
with colourful graphics and speech.
Control: Teacher-delivered instructional
materials. Learning activities for teacherdelivered phonological awareness instruction
were selected from the ‘Phonological Awareness
Kit’ (1997). The activities targeted the same
phonological awareness processes that were
included in the two computer-administered
programs. Explicit phonological awareness
instruction was presented for each phonological
process followed by practice activities which
employed picture cues, sound boxes,
manipulatives or games. The children received
instruction in identifying rhyme; in isolating initial,
middle and ending sounds in words; in
segmenting; and in blending phonemes to
produce words.
Outcome measures: Phonological Awareness
Test (PAT)
To investigate
Sample: 60 sixth-grade students were randomly RCT (individual)
whether
allocated to one of four treatment conditions:
Post-test data
intermediate-grade Dictionary condition (control): Passages were
readers’ vocabulary presented on typed pages and were
learning and
accompanied by a dictionary.
Glossary condition (control): Passages were
comprehension
would be affected
presented on typed pages and were
by displaying texts accompanied by a separate typed glossary
on a computer
page.
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Measure of effectiveness
Rhyming, isolation, segmentation and
blending: No significant differences between
the groups

Vocabulary test: Select definitions condition
v. dictionary condition: Large positive and
significant effect for intervention
Select definitions v. Glossary condition:
Large positive and significant effect for
intervention
All definitions condition v. Dictionary
condition: Large positive and significant
effect for intervention
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Author, date
and country

Swanson and
Trahan
1992)
USA

Study type

Evaluation:
researchermanipulated,
RCT

Aim

What was studied?

screen that
provided the
meanings of difficult
words

Select definitions condition (intervention):
Passages were presented on a computer
screen. Each computer screen displaying a
section of the text enabled readers to request
the definitions of the words on the screen.
All definitions condition (intervention): Passages
were presented on the computer screen./
Subjects could not proceed to a subsequent
segment of the text until they had viewed the
meanings of the target words in the previous
segment.
Outcome measurements: Comprehension test
and vocabulary test.
th
th
th
Sample: 120 learning disabled 4 , 5 and 6
RCT (individual)
Pre- and post-test
grade students within ability group and grade
data
level were randomly allocated to one of four
treatment conditions.
Control: Readers were administered all the preand post-test measures but received no direct
reading comprehension intervention related to
the passages. They continued to receive their
normal classroom instruction.
Paper (off-line): Readers in this condition
received both traditional and cloze
comprehension passages in printed form.
Computer presentation: No optional re-reading.
As in the offline condition, readers in this
condition read the traditional and cloze story
passages once, before answering the
comprehension question. The only difference
between the paper presentation was that the
text was computer mediated.
Computer re-reading: Readers were directed to
re-read all or portions of the passages before
answering comprehension items or cloze fill-ins.
For this effectiveness review, the paper offline
condition was compared with the computer no
re-read condition.

To determine the
degree to which
computer-mediated
presentation of text
influence learning
disabled children’s
reading
comprehension,
and whether
cognitive factors
related to
metacognition,
attribution, and
working memory
influence treatment
effects.
To determine which
cognitive variables
are most likely to
affect directly
learning disabled
readers’
comprehension of
computer-mediated
text.
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How was it studied?

Measure of effectiveness
All definitions condition v. Glossary condition:
large positive and significant effect for
intervention
Comprehension test:
Select definitions condition v. Dictionary
condition: No significant difference between
the groups
Select definitions v. Glossary condition: No
significant difference
All definitions condition v. Dictionary
condition: No significant difference
All definitions condition v. Glossary condition:
No significant difference
Learning disabled: No significant differences
between the groups in five out of six of the
outcome measurements. Positive and
significant effect for control in word meaning.
Average readers: No significant differences
between the groups in all six outcome
measurements
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and country

Zhang et al.
(1995)
USA

Study type

Evaluation:
researchermanipulated,
RCT

Aim

What was studied?

How was it studied?

Outcome measurements: Level B of the Nelson
Reading Skills Test
Working Memory Span Test
Sample: 33 ‘learning disabled’ students, ranging RCT (individual)
To assess the
in age from 7.7 to 13.2 years were matched into Pre- and post-test
impact of
11 triads. The students were matched by their data
specifically
designed computer teachers according to their standardised test
score, grade level, writing level and IQ score.
software tools on
From these triads, students of each grade were
the quality of the
randomly assigned to one of three groups. Each
writing of children
performing at least group contained the same number of students
from different grades.
one year behind
their school grade Intervention: The students used a specifically
designed computer software tool (ROBO-Writer)
level.
for writing texts.
Control: The students used a popular wordprocessing program (Microsoft Word Version
4.0) for writing texts.
Control: The students used traditional paper and
pencil methods for writing texts.
Outcome measurements: Writing samples –
spelling and grammatical errors, number of
words and holistic scoring
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Measure of effectiveness

Positive and significant effect for intervention
(ROBO writer) in holistic scoring, spelling and
grammatical errors (three outcome
measurements).
No significant difference for number of words
(one outcome measurement).
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