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Abstract

A great deal of research has been carried out over the past two decades related to the effectiveness
of computer-assisted teaching and learning. This large body of work, however, has not produced
unequivocal findings, especially in the area of CALL. Our study takes a systematic look at what
dedicated meta-research since 1991 might have contributed to this controversial field. Data was
gathered from several hundred studies including ca 20,000 subjects. The paper highlights the ben-
efits and limitations associated with this type of research, synthesizes findings and recommends
models and strategies for future research in the context of an agreed research agenda. Our synthe-
sis suggests consistent positive findings related to L1 spelling, writing and reading. While there is
some support for this related to CALL per se, much work needs to be done before we might reach
the levels of confidence enjoyed by some of the findings reported here.

1  Introduction

Why do we still know so little about the efficacy of the technologies into which we have
invested much energy, time and money in our teaching and learning endeavours? A
question that sounds quite simple on the face of it is, of course, immensely complex
when we look at it more closely. How can we hope to arrive at a sensible answer to the
often posed question How effective are technologies in promoting learning? when the
scope of the investigations required to come even close to a valid generic conclusion is
beyond most researchers’ capacity. We might as well capitulate and say that it is ‘42’
which was writer Douglas Adams’ answer to the question of life, the universe and every-
thing. 

https://doi.org/10.1017/S0958344005000923 Published online by Cambridge University Press

https://doi.org/10.1017/S0958344005000923


U. Felix270

It appears that we have two choices in tackling the question which remains interesting
and worth investigating, if only to confirm our instincts that what we are doing with a
great deal of effort is worthwhile. On the one hand, we can reduce the scope by focusing
on one particular piece of technology being used having one or several effect(s) on a
measurable learning process or outcome. On the other hand, we can widen the scope by
analyzing results of a large body of research and synthesizing findings related to one or
several variable(s) under investigation. In both cases, the question needs to be qualified
and matched more closely to the project’s context, methods and analyses. Curiously, all
of this has already been done over the past two decades, yet general conclusions and
claims remain largely controversial. 

The 1980s saw great interest in meta-analyses being carried out into CAI in general
(mainly in science and mathematics), a field led by Kulik et al. (1980, 1987), with posi-
tive effects being reported on some learning outcomes, such as higher achievement and
time-saving as well as improved attitude to computers and learning. In CALL, meta-
research is relatively scarce – we identified a total of thirteen studies (see ‘further read-
ing’) for the current investigation and Dunkel (1991), in her seminal chapter on CALL
effectiveness, reports findings of a narrative review (Hope et al., 1984) and a single
meta-analysis (Roblyer et al., 1988). She concludes that the first researchers were
unable to draw unequivocal findings (Dunkel, 1991: 16) and questions the findings of
the second study (ibid: 17) on the basis that the three investigations involved contained
contradictory results and that other important work had not been included.

It appears that on the whole CALL researchers are most interested in small-scale
experimental, quasi-experimental and non-experimental studies and evaluations of a
specific intervention by way of Information and Communication Technologies (ICT). In
the course of our previous work (Felix, 2005), which looked at 52 such studies carried
out since 2000, it became clear that we are beginning to see a substantial and valid body
of qualitative and quantitative data related to CALL effectiveness (as defined in section
3.1). While concerns expressed by Chapelle and Jamieson (1991) and many others
regarding the lack of random assignment of subjects and control for extraneous vari-
ables are still present (see Felix (2005) for a detailed discussion), they are no longer sus-
tainable to the same extent. Our sample showed an almost equal distribution between
experimental and non-experimental studies. This can be seen as a strength of the
research because their combined results advance the field more substantially than a con-
tinuous series of highly controlled studies, especially since the latter are predominantly
very short-term (sometimes as brief as a 40-minute treatment). It is important to keep in
mind Kulik and Kulik’s (1991) finding that the treatment feature most directly related to
effect size is length of treatment. In their studies, computer-based instruction was espe-
cially effective when the duration of treatment was four weeks or less (Kulik & Kulik,
1991: 88). In this context it is important to mention that we also know very little about
how long reported improvement is maintained (Felix, 2005).

As predicted by Dunkel (1991), our previous study identified a noticeable move
towards the inclusion of learning processes. This is not surprising since teaching meth-
ods and technologies have changed (albeit not everywhere) in a way that no longer
allows for easy numeric measurement of outcomes. Studies included the investigation of
variables such as learning strategies and styles, motivation, time-on-task, attitude, con-
versational interaction, autonomy, critical reflection, perceptions, negotiation and
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noticing. While these projects have much merit in their own right, it goes without saying
that synthesizing results of this body of work as a whole would not yield very coherent
conclusions related to generic effectiveness. However, this work provides opportunities
for building up a body of clustered research results which might give more detailed
insights into the impact of ICT on any particular process or outcome. If we look at the
sixteen studies that investigate writing identified in Felix (2005), for instance, nine are
concerned specifically with writing quality. A synthesis of those findings could poten-
tially produce more powerful quantitative conclusions than one single study. However,
since the studies in question are spread fairly evenly across the spectrum of research
designs and use various forms of qualitative and quantitative measures, calculating
effect sizes (defined in section 3.3) would appear impossible. But should this, in fact,
concern us? What is it that meta-analyses contribute to the field? Can they produce less
equivocal results than those reported extensively in Dunkel (1991) and bring us closer to
a credible answer? 

2 Purpose of the study

Essentially our study aims to throw light on a continuously confusing body of research
by analyzing what has been contributed to the question of CALL effectiveness by way
of meta-analyses and reviews since 1991. This information will fill a significant gap in
the research by examining a substantial body of studies not included in either Dunkel
(1991) or Felix (2005). We expect that drawing conclusions in the light of these exten-
sive previous studies will produce a comprehensive picture of what has been investi-
gated and found related to CALL effectiveness since the 1980s. It is hoped that these
results will be of use to researchers in planning their studies on the basis of what has
already been done in their area of interest and thus strengthen their work. For this pur-
pose, we recommend that the current findings are viewed together with those reported in
Dunkel (1991) and Felix (2005). In the following we will:

• define what is meant by effectiveness, meta-analysis and effect size
• identify strengths and weaknesses of meta-analysis research
• describe the literature search and the criteria for inclusion
• summarize major findings arrived at by means of meta-analyses and reviews

since 1991
• single out valid meta-analysis procedures that may serve as models for

researchers
• draw conclusions and suggest directions for future research in CALL effectiveness.

3 Definitions

3.1 Definition of effectiveness

The Webster dictionary defines effective (from efficere) as ‘having an effect, producing
a result, bringing something to pass’. Efficacy (synonymous with effectiveness) is
defined as ‘the power to produce effects or intended results’. This suggests a strong
causal relationship between an intervention, such as the use of a particular item of
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technology in a learning situation and a discernible change in the learning process, the
learning climate or the learning achievement. Definitions given in the other major dic-
tionaries (Oxford, Microsoft Encarta, Collins) support this view.

3.2 Definition of meta-analysis

A meta-analysis is a synthesis of the findings of several experimental studies. It uses sta-
tistical techniques for aggregating the results of multiple empirical studies to determine
the direction and size of relationships between similar variables across these studies.
Important characteristics of meta-analyses are that they:

• use quantitative measures
• do not prejudge research findings in terms of research quality
• seek general conclusions in relation to a common issue.

For more detailed information see Glass et al. (1981), Cooper and Hedges (1994),
Schafer (1999) and Suri (2000).

3.3 Definition of effect size

The basis of statistical techniques used in meta-analysis is the calculation of an effect
size; a standardized measure which indicates the extent to which experimental and con-
trol groups differ in the mean values of a dependent variable at the end of a treatment
phase. See Figure 1 for an accessible, comprehensive description by Miech et al. (1997).

In most meta-analyses the effect size is reported as the average or mean effect size.
Sometimes, however, the median effect size is reported. The mean or average is calcu-
lated by summing all the effect sizes and dividing by the number of effect sizes
summed. The median is a measure of central tendency, representing the point at which
exactly half the effect sizes are below that figure and half are above. In order for this to
be meaningful, some indication of the range of values is needed. For example if there
are five effect sizes 1.12, 0.95, 0.25, 0.05, 0.01, the median is 0.25 and the average
0.476. If the five effect sizes are 0.45, 0.35, 0.25, 0. 15, 0.05 the median is still 0.25 but
the average is also 0.25. In the absence of the full range of values it is, therefore, not
possible to interpret results accurately (see findings in section 6). 

4 Strengths and weaknesses of meta-analysis research

While the generalizability of a single study is often restricted by sampling characteris-
tics such as sample size and population, study setting and timing, a meta-analysis, by
including all the quantitative empirical studies relevant to the research question,
enhances generalizability. It quantifies the effect of a treatment (i.e. the use of a particu-
lar form of technology), and it should be free from the subjectivity introduced by selec-
tive sampling (Suri, 2000). Ideally, meta-analyses provide a statistically sound summary
review of a large body of research related to a common issue. 

However, there are a number of limitations to meta-analysis. Cooper and Hedges
(1994) point out that the post hoc nature of synthesis tests often creates a conflict when
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stating a hypothesis based on the considerable knowledge that a researcher already has
of the data to be synthesized, and then using that data to support the hypothesis. Another
problem is that meta-analysis favours published over unpublished research and it has
been speculated that journals favour studies that report significant positive outcomes
(Suri, 2000; Zhao, 2001). This may skew the findings of meta-analyses towards positive
results. Also, studies for which the effect size cannot be computed are ignored by
researchers who produce meta-analyses (Suri, 2000). Important results, arrived at
through qualitative measures, are therefore not included in reporting findings on a par-
ticular issue under investigation. The most serious concern, often pointed out by critics
of meta-analyses, is the correlational nature of the review evidence. Including studies
that use different procedures to test the same hypothesis can lead to confounds which,
despite statistical control, result in low confidence levels in the accuracy of the out-
comes. Many reviewers fail to “study whether the findings of the research were medi-
ated by characteristics of the person studied, the study context, the nature of the
experimental intervention, or the characteristics of the research design” (Glass et al.,
1981:13). In summary, meta-analyses are by their very nature prone to overgeneraliza-
tion and sometimes include results from poorly designed studies.

5 Literature search and criteria for inclusion

The literature search for our study was carried out by conducting a search of the follow-
ing computerized databases: Proquest, Educational Resources Information Centre
(ERIC), Expanded Academic ASAP, CSA Illumina and ProQuest Digital Dissertations.
Three groups of keywords were used for the search. The first was for the type of study
(“meta-analysis”, “research synthesis”, “review”); the second defined the technology
(“computer assisted”, “CAI,” “Internet”, “multi-media”); and the third the dependent
variable (“language learning”, “reading”, “writing”, “spelling”, ”vocabulary”, “grammar”,

Fig. 1.  an accessible, comprehensive description by Miech et al. (1997).
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“literacy”). The search was restricted to papers published after 1991 and written in
English. The reason for the 1991 cut-off was that the studies reported here include
investigations going back as far as 1980 and that Dunkel (1991) gives a comprehensive
overview of reported effectiveness in studies not included here (incorporated into the
discussion below). Including articles written in other languages was at this stage beyond
our capacity. Since the work is ongoing, however, we welcome relevant information.
Our searches resulted in more than 150 papers. Most of these were discarded because
they were not concerned with effectiveness or were not research reviews. This left thir-
teen studies which sought to produce an overview of effectiveness research related to
some aspect of language learning, including L1 reading and writing. Eight of these were
meta-analyses (calculating effect sizes) and five were reviews (reporting findings dis-
cursively). We included the latter to see whether these qualitative syntheses contributed
support and/or further information to the quantitative results of the former. The L1 stud-
ies were included because they investigated much the same variables (i.e. writing qual-
ity, number of words) as the L2 studies and their findings would be most relevant to
CALL.

6 Findings

6.1 General observations

We were surprised by the glaring lack of meta-research related to CALL per se. Our
search resulted in only one meta-analysis (Zhao, 2001) and three narrative reviews (Liu,
Moore et al., 2002; Miech et al., 1997; Singhal, 1998). Together with the two studies dis-
cussed in Dunkel (1991) this constitutes a relatively small body of data when compared
to meta-research carried out in general education. Perhaps one reason for the scarce
research of this type is that the CALL profession, in general, is less interested in effect
sizes and more concerned with looking at how the use of technologies might affect learn-
ing processes. The type of research carried out most recently (see Felix, 2005) supports
this view quite strongly. Another reason might be that the time-consuming research
designs, data gathering and statistical analyses necessary are beyond the notoriously
overworked CALL practitioners who constitute the bulk of researchers in this field. 

In terms of settings, it is interesting to note that L2 studies were predominantly carried
out in tertiary learning environments while the majority of L1 studies were conducted in
primary and secondary schools. This confirms previous observations made in Dunkel
(1991) and Felix (2005). It is not surprising, since most CALL research is carried out by
practitioners located in universities, drawing on student populations in their own or
related courses. Substantial, school-based educational research, by contrast, tends to be
conducted by large, sometimes independent, research teams, drawing on large student
numbers from a variety of school settings.

One concern that springs to mind when glancing at the summary tables is that there is
likely to be some overlap in the reported numbers of studies and students, since some of
the meta-studies share the same time period from which they drew their data.
Unfortunately, we cannot be precise here because not all primary studies are listed in all
secondary ones, especially in the very large investigations. We are therefore reluctant to
report an exact overall number of projects and subjects involved in the 13 investigations.
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It can be estimated, however, that several hundred studies were included and that stu-
dent numbers exceeded 20,000. Kulik (2003) alone reports 20,000 subjects.

Even though this number is impressive, we cannot be certain that all relevant research
studies were included. Successful searches are very largely dependent on the match
between keywords entered and those present in relevant research studies. The difficulty
of homing in on just the right keywords became obvious in our own searches for this
and previous research. Covering all relevant databases is also imperative (this was not
uniformly the case in this body of work). The sample also does not include unpublished
and current work or papers written in languages other than English.

A very frustrating aspect of our review was that the thirteen projects report variables
under investigation in vastly different ways. They range from providing great detail, i.e.
every common aspect of writing (quality, number of words, attitude towards writing,
writing conventions, frequency of revision in Bangert-Drowns (1993)), minimal descrip-
tions of what might be meant by Reading Management (Kulik, 2003),1 to generic state-
ments such as English (Christmann & Badgett, 1997; Christmann et al., 1997). It goes
without saying that the first yields more interesting information than the others. Smaller
meta-analyses dealing with one discrete aspect of learning usually give the most
detailed information on the variable under investigation. Very large studies dealing with
a variety of subjects, by contrast, tend to report these simply as music, mathematics, or
English. We have made every effort to include as much information as could be ascer-
tained in the summary tables but realize that in some cases more detail would have been
helpful for meaningful interpretation of results. In the following we will report findings
separately for meta-analyses and reviews.

6.2 Meta-analyses

We have divided the discussion of findings into three categories: (1) studies concerned
specifically with CALL; (2) studies dealing with general subjects but including findings
relevant to L1 learning; and (3) studies concentrating on just one aspect of L1 learning
(see Table 1 for summary data). 

6.2.1  CALL
Study 5 is the only meta-analysis concerned with CALL per se but also sadly the least
satisfactory in terms of interpretable outcomes. The only thing the studies chosen for
this meta-analysis have in common is the fact that they test for the effectiveness of some
aspect of CALL in a wide-ranging, undefined collection (listening, reading, writing,
speaking, culture, vocabulary and grammar). This could explain the very high effect
size (1.12) which is very much at variance with all other findings reported in our current
paper. If the studies are grouped according to the variable being tested then the result
would be considerably different. For instance, two studies deal with vocabulary: one has
an effect size of 1.11, the other 0.38 giving an average of 0.75 – considerably less than

1. Reading management programs. Reading management programs, such as Accelerated Reader
(AR), help students make book selections and then test the students on their understanding of
what they have read (Kulik, 2003:vi).
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the reported overall effect size, although calculating average effect sizes of only two
studies is not advisable in general (see section 6.3). It also needs to be pointed out that
the overall effect size is greatly boosted by the two studies on culture (non-specified and
both carried out by the same researchers in the same year) – 2.82 and 1.61. If these are
taken out of the calculation then the overall effect size for the remaining seven studies is
0.81. While this would suggest a positive impact of whatever technologies had been
used on L2 learning in general, it tells us a lot less than a study which might have looked
at all investigations of word learning, including all possible information on technologies
and methods used. To be fair to the authors, it is quite difficult to gather this information
because primary studies often do not provide it and the study as it stands is still valuable
when we can look at the results in the context of a large body of work, in which the
question of effectiveness is examined through a variety of approaches. 

6.2.2  General subjects
Studies 2, 3 and 8 take a broad look at effectiveness across a number of subjects such as
music, science and mathematics, but include a break-down of effect sizes related to indi-
vidual subjects or learning aspects. We have included here specific findings related to
language learning. While these studies are more satisfactory in terms of methodology
than 5 above, there are, nevertheless, some issues that need to be pointed out. 

• Findings of study 8 are difficult to interpret because the author indiscriminately
alternates between reporting average and median effect sizes. He also erro-
neously reports a median effect size as an average effect size (results for Grade 1
studies on writing-based reading programs). In the absence of the full range of
values, we could not, unfortunately, re-analyse the data (see discussion on effect
sizes in section 3.3) and results have to be viewed with some caution.

• The subject “English” which was part of the investigations in study 2 is so broad that
reporting an overall effect size (which incidentally is greatly at variance with all other
findings reported in our sample) is not very meaningful generally and thus of little
value to us here. Equally, the mean effect size of 0.209 for the 42 effect sizes given (p
285) is not terribly useful, given the wide range of subjects, and presumably vari-
ables, covered. Reporting the overall effect size on the more tangible variable such as
reading, by contrast, appears much more useful and is included in our discussion.

• The authors of study 2 re-analysed the data for a second paper (3) to ascertain
whether effect sizes changed over time. This is potentially a very interesting
question but highly problematic in terms of interpretation. While the authors
here conclude that there is a noticeable decline in effectiveness over time – cul-
minating in a substantial negative effect (-0.45) – these findings need to be
looked at more closely. Calculating effect sizes over time is quite problematic as
each time period does not include the same study population, settings and
approaches. Also for most years there are fewer than five studies included – in
fact for three years (1984, 1988, 1993) there is only one study. The 1985 figure
includes just two language-related studies, one English and one Reading, with
an average effect size of 0.30. If we look only at the language-related subjects,
the effect sizes over time are as shown in Table 2 and hardly interpretable in a
specific direction.
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6.2.3  Specific aspects of learning
The final category of studies (1, 4, 6, 7) looks at one specific aspect of learning (writing,
reading, spelling) and in some cases gives a further breakdown as specified above.
These studies are impressive in terms of methodology, taking great care to avoid con-
founding variables. This appears to be reflected in the fairly similar findings reported in
these four studies, despite the fact that they varied significantly in size and scope and are
unlikely to include the same primary studies (see Table 3). 

Turning to the types of variables under investigation, it is not surprising that the large
majority concern writing and reading because outcomes here are easy to measure
numerically. However, it needs to be kept in mind that some of the studies (marked #)
also contain other investigations which are not reported in our discussion. The smallest
but most tightly controlled study in our sample (7) concentrated on spelling. We will
now report findings separately for those variables.

6.2.3.1  Reading
The two studies dedicated to investigating reading (4, 6) report relative effect sizes of
0.13 and 0.25, i.e. while positive, not educationally significant (see Figure 1). These
findings are supported by study 2 which reports an effect size of 0.26 for reading.
Findings in study 8 are at variance with these, ranging from very low to very high (0.06,
0.43, 0.84). One explanation for this discrepancy may be related to the oddity of report-
ing median values (see discussion of study 8 above). This, however, does not account
for the very high average value of 0.84 related to writing-based reading programs.2

While the author does not comment on this specifically, it might be speculated that tech-
nologies especially dedicated to improve one specific aspect of learning, in this case
writing programs designed to improve reading, are more useful. The same might apply
for reading management, but in the absence of more detailed information of what that
entailed, we are reluctant to draw firm conclusions from these results. It is important to
keep in mind, though, that study 8 includes the largest number of subjects, exceeding
that of the three previous studies. It is interesting to note that an earlier study by Kulik
and Kulik (1991) confirms the trend reported here for effect sizes in relation to reading

1985 1986 1987 1989 1992

Reading –0.042 0.523 0.044
English 0.647 –1.25 –0.538

Table 2  Summary data

2. Writing-based reading programs. Writing to Read (WTR) is a program that attempts to teach
young children to read by stimulating them to write. The program is based on the premise that
young children can learn to write in some fashion whatever they can say, and having learned to
write, the children can then learn to read what they and others have written. The IBM
Corporation became a major developer of the program during the 1980s, and in 1984 IBM
released the first version of WTR. IBM released the current version of the program, called
Writing to Read 2000, in 1991 (Kulik, 2003:v).
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(overall average 0.25). We have not included this work because only seven studies out
of a total of 254 were concerned with reading – the study mainly set out to investigate
mathematics and science. It is worth noting, however, that they report an overall effect
size for all the studies of 0.30, which reflects the most consistent findings here. 

For a more comprehensive picture, we will include findings related to reading
reported in Dunkel (1991). While it needs to be kept in mind that these refer to one
study only, that of Pederson (1987), Dunkel recommended this particular approach as a
design model. Results are therefore of interest to researchers wanting to compile a
detailed synthesis on L2 reading, as recommended below.

In an experiment on the cognitive processing of college students during computer-
assisted L2 reading, Pederson examined three independent variables related to levels
of cognitive processing during CALL reading practice in French: Verbal ability (low
versus high), type of comprehension question (literal versus inferential), and passage
availability during testing (reinspection of passage or lack thereof). Analysis of the
protocols indicated that subjects recalled more information if they answered ques-
tions about a passage when it was unavailable for reinspection. Pederson inferred
that the careful reading of the text in the passage-unavailability condition required
readers to engage in self-interrogation, self-measurement of degree of comprehen-
sion prior to advancing the program, and auto-organization of the passage.
Pederson’s investigation demonstrated that use of a particular type of computer
coding (e.g. passage availability) can affect achievement in a computer-assisted read-
ing environment. Her study provided concrete, and potentially enlightening, data
concerning the effective design of CALL reading materials (Dunkel, 1991:19).

6.2.3.2  Writing
Findings related to aspects of writing were more consistent on the whole, although we
must point out that the same problems are present in study 8 with reporting median
values. It is interesting that both authors have taken the trouble to report separate effect
sizes for subcategories common in the primary studies included. Study 1 reports the
effect of word processing on L1 writing. Effect sizes were calculated for five outcome
measures: quality of writing (0.27), number of words produced (0.52), adhering to writ-
ing conventions – e.g. correct punctuation, verb/subject agreement – (0.16), frequency of
revision (0.18) and attitude towards writing (0.12). In the last three measures the effect
size for each study ranged widely from negative to positive and the author points out that,
in each case, the median was very close to zero. The author also signals that a very large
effect size in one study inflated the result for number of words produced, and that the
median (0.36), an indication of central tendency, may be more meaningful in this case.

Study 8 reports findings for writing using word-processing which corresponds to the
overall category in study 1; and writing using computer enrichment.3 No effect sizes are

3. Computer enrichment. Schools provide students with enriched computer access in a variety of
ways. They may let students work on a variety of relatively unstructured exercises in the classroom,
including games, simulations, and tutorial programs. Or they may extend student access to Internet
resources, or they may provide students with anytime-anywhere laptop access to computers. A
common goal in enrichment programs is to help students develop as writers by giving them more
opportunities for authentic writing and research. (Kulik, 2003:vii)
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reported for writing using computer prompts.4 All effect sizes show a positive trend hov-
ering around the 0.3 mark, i.e. approaching the level regarded as educationally benefi-
cial by most researchers in this field (see Figure 1). Seeing that study 1 can be regarded
as exceptionally tightly controlled in terms of design and that it included large numbers
of primary studies (33) and subjects (>1874), the reported effect size (0.27) for quality
of writing can be viewed with some confidence. The fact that study 8 reflects these find-
ings might lend further support to these results, but in the absence of the range of effect
sizes, we cannot be certain. Study 1 also strongly suggests that students using word-pro-
cessing tools produce more words, though of course this in itself does not suggest better
writing quality.

6.2.3.3  Spelling
The study investigating this very specific variable (7) is another excellent design model
included in the discussion below. While it is the smallest study in terms of the number of
primary investigations and subjects involved (7, 240), the findings carry high confi-
dence levels. Interestingly, the reported overall effect size (0.37) is quite similar to those
found for reading and writing and even slightly higher overall. However, the rigorous
statistical analyses applied in this study revealed that this result fell just below signifi-
cance level (p=0.06) and the authors are therefore very cautious in their interpretation:

This review suggests that the teaching of spelling by using computer software may
be as effective as conventional teaching of spelling, although the possibility of com-
puter-taught spelling being inferior or superior cannot be confidently excluded due
to the relatively small sample sizes of the identified studies. Ideally, large pragmatic
randomised controlled trials need to be undertaken. (Torgerson & Elbourne,
2002:129 )

In the context of our total pool of findings and considering the fact that results would
have been significant at p=0.05, this interpretation is perhaps a little too cautious. It
lends support to the observations made in Felix (2005) which suggested an inverted cor-
relation between soundness of design and confidence in reporting results.

In summary, what can be concluded with some confidence from the meta-research
reported here is that the use of educational technologies appears to have a small positive
effect on (in order of magnitude) L1 spelling, L1 writing quality and fluency and L1 reading.

6.3  Reviews

Because of the very wide-ranging scope of the studies in this sample, it is very difficult
to produce succinct summary findings. The information in Table 3 gives some impres-
sion of the sorts of variables under discussion and synthesized findings as reported by
the authors.

4. Computer writing prompts. Researchers have modified standard word processing programs to
provide writing prompts while students are composing with the programs. The prompts may
focus on writing mechanics, or they may provide guidance in development of new ideas.
(Kulik, 2003:vii)
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Three studies deal specifically with CALL while the other two investigate L1 reading,
literacy and word-learning. Approaches vary considerably from straight literature
reviews reporting results discursively with minimal interpretation (10) to qualitative
research syntheses including similar procedures to meta-analyses but without calculat-
ing effect sizes (12). It is interesting to note that the principal authors of the latter also
carried out study 6 discussed above. While they had set out to calculate effect sizes, they
decided that the amount of data contained in the five primary studies did not warrant
such analyses. This lends some support to our critique of study 5 above and Dunkel’s
(1991) rejection of Roblyer et al.’s (1988) findings.

Studies investigating results in L1 environments concentrate on one specific variable,
while two of the L2 studies report a large variety of aspects, either broken down into
common variables identified in the primary studies (9), or reported under the headings
of the traditional four language skills (13). While this adds great detail to the general
discussion, it gives the impression of a large unruly pool of data, in which trends appear
difficult to ascertain. Seeing that findings pertain to even more variables than those
reported in Dunkel (1991), this body of work on its own cannot be expected to clarify
Dunkel’s equivocal findings. What these studies add to our discussion in qualitative
terms, however, is very useful in three distinct ways. (1) They give limited support to
the findings reported above related to reading and writing; (2) they flesh out what has
been said in quantitative terms by adding more detailed observations; and (3) they give
a good impression of significant gaps in the research on effectiveness. The vast data col-
lected in these studies, especially in 9 and 13 represents an excellent starting point for
the sorts of investigations recommended at the end of our paper. For instance, there are
some findings related to the very important variables feedback and speech recognition
that warrant further investigation.

In summary, tentative conclusions that can be reached here are that findings on the
whole are positive, although it needs to be kept in mind that until recently negative
results were rarely reported in the literature. More specifically, it has been found that
technologies have the potential to engage students and create opportunities, adding
value to face-to-face instruction; that dedicated programs (such as glossing and visual
annotations for word-learning) are useful; that the multimodal nature of current tech-
nologies appeals to different learning styles, that the use of technologies can have a pos-
itive effect on student attitudes and participation (although not reflected in higher
achievement), and that L1 literacy benefits from the use of ICTs. In terms of achieve-
ment, these reviews reported significant positive results in four out of seven studies. It is
interesting to note that the authors here also express concerns related to the quality of
research designs and validity of findings.

7  Design models

Four studies in our sample can be singled out as good-practice models for meta-analyses
(1, 4, 6, 7). All of these concentrate their efforts around one particular aspect of learning
which makes interpretation of results much more meaningful than the overall effect
sizes reported in mega studies (i.e. exceptionally large meta-analyses) dealing with a
large variety of subjects/variables and settings. While the latter doubtlessly contribute
useful data and background to the debate about effectiveness in general, they are less
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valuable in informing good teaching practice, choice of technologies, or even further
research. Since one of the biggest concerns about this type of research, mentioned by
most authors in our sample, relates to the differential measures of control applied in pri-
mary studies, confidence levels about overall findings cannot be very high. What can be
hoped, though, is that when all research – individual, meta and mega - is looked at
together, trends might emerge that can be interpreted with some degree of confidence.
As we have seen above, exceptional findings can sometimes be traced back to poor
research methods and/or reporting of results. In the following we will briefly discuss the
sorts of steps that the authors of two of the models (1, 7) have taken in order to ensure
maximum confidence levels and meaningful interpretation of results.

In a meta-analysis it is important to document fully the method for searching the liter-
ature and the rules for inclusion of studies (Schafer, 1999). Both studies 1 and 7 give a
well-documented search strategy and very comprehensive and detailed inclusion crite-
ria. While both studies concentrated on one major variable, Study 1 calculated effect
sizes for five subcategories (see section 6.2.3.2 on writing above). Study 1 also coded
each primary study for 21 characteristics under four categories: instructional treatment,
research methodology, study setting and publication features. These characteristics act
as moderators for the effect size and enhance generalizability (Schafer, 1999). For
example, while the study reported an overall effect size of 0.27 for writing quality, the
authors then went on to show how the effect size changed according to certain study
characteristics – where subject assignment was non-random the effect size was 0.39,
where it was random it was 0.31, and where student groupings were voluntary it was
0.03. This type of information is somewhat more informative than simply giving an
overall positive effect size.

Both studies include tables listing each primary investigation, the sample size, setting
duration, effect size and a number of study characteristics, as recommended by Slavin
(1986). Such a table provides a useful summary and makes it easier to check the find-
ings against the original research.

Study 7 calculates both a confidence interval and the significance for each effect size.
Study 1 calculates statistical significance and reports the Standard Error for each effect
size. When reporting the findings, both the mean and the median effect size, together
with an indication of range are given. Attention is drawn to any outliers.

8  Concluding remarks and suggestions for future research

Revisiting the question posed in the title of our paper, we have to conclude that the sur-
prisingly scarce meta-research specifically related to CALL tells us very little about
actual or potential effectiveness of the use of ICT in second language learning.
However, the inclusion of narrative reviews and studies carried out in L1 learning envi-
ronments helps to clarify the picture somewhat. What emerged very clearly is that effec-
tiveness research in L1 and L2 learning since the 1980s has largely focused on variables
related to reading and writing and to a lesser extent on word learning. This, of course, is
not surprising since it is relatively easy to measure outcomes related to this type of
learning. Small positive gains are reported consistently; most of these, however, fall
below significance level. The most conclusive finding in this sample relates to L1
writing using word-processing tools, where effect sizes approach a level that can be
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interpreted as educationally beneficial (a move from the 50th to the 62nd percentile for
the median student). Results for writing fluency are even higher. Findings related to
reading are more mixed, with the most rigorous studies reporting similar effects to the
above but higher and lower values are being reported in another study. This last study
also suggests that dedicated writing tools may improve L1 reading. While findings of
this study need to be read with caution because of procedural concerns, they are derived
from exceptionally large data pools. Observations reported in the narrative reviews lend
some support to our conclusions derived from the meta-analyses and provide a little
more detail on the types of areas investigated related to writing and reading. 

Overall, there is something to be said for looking at large amounts of data, especially
in an area that is dominated by small-scale studies with small numbers of subjects. Even
if some research methods in this sample are lacking in rigor, the authors supply data that
might be usefully interpreted in the light of work carried out elsewhere and recom-
mended below. They also generally provide excellent literature reviews. There appears
little value, however, in reporting overall effect sizes when the pool of investigations
includes too much variety in terms of variables, settings, methods and technologies
used. Ideally, the role of meta-analyses would be to provide us with a rigorous synthesis
of data related to a particular question of interest. After all, that is the specifically stated
purpose of such research as compared to a narrative review. In our sample, only four
studies did this effectively. While one of these, investigating the single variable spelling,
contained the least number of studies (7) and subjects (240), it was carried out in as rig-
orous a fashion as can be hoped in this kind of research. We can therefore be reasonably
confident that L1 spelling potentially benefits from the use of ICT. 

It is, however, advisable to keep in mind the authors’ caution in terms of interpreting
results in most studies in our sample. Again, as previously reported in Felix (2005), we
observed a correlation between excellence of research design and caution exercised in
reporting results and vice versa. In any case it is well to remember that even when
results are derived through sound procedures and analyses, there may still be other inter-
esting explanations for the positive results. Bangert-Drowns (1993:74) points out a per-
tinent observation by Russell (1991) who investigated effectiveness of word-processing:

‘…in cases where word processing seemed beneficial, the benefits may not be due
at all to the word-processing itself but to the kinds of social interactions that com-
puter laboratory environments permit.’

In educational terms, of course, it hardly matters what exactly produced the improve-
ment and, if we follow the cause and effect argument to its logical conclusion, we will
find that the technology itself is the least likely contributor (see also Clark, 1983; 1985;
1994). Teachers, programmers, methods, settings, social aspects and learning processes
in ICT environments are likely to contribute their inestimable share. Therefore, building
up an even larger body of data, including these sorts of aspects, by means of comple-
mentary research designs generating sound qualitative and quantitative data may pro-
duce trends - the beginnings of which we have observed here – that may be interpreted
with the type of confidence levels sorely needed in this controversial area. 

In conclusion, our systematic look at the research – starting with Dunkel (1991), exam-
ining recent work (Felix 1995) and finally filling in the gaps by investigating the findings
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of meta-analyses and narrative reviews – has clarified the picture about effectiveness in
several ways. It has (1) made us understand better the difficulties associated with carry-
ing out research in this important field; (2) furnished us with situated good-practice
research models; (3) allowed us to come to a small number of conclusions with some
confidence; and (4) enabled us to formulate suggestions for research which will build on
this knowledge. Our recommendations for future work in this area are as follows: 

1. Rigorous meta-analyses of the type discussed in the models above, would con-
tribute useful quantitative information, especially in the light of new variables
emerging in recent social constructivist learning contexts, such as the role of col-
laboration, meta-cognitive skills and knowledge or online presence and identity. 

2. Qualitative and discursive syntheses of a body of research investigating similar
variables related to one larger issue such as reading, for instance, would provide
comprehensive and detailed data not hitherto available.

3. Further high-quality, single experimental and non-experimental studies of areas
relatively unexplored, such as speaking online, would add important new data.

4. Replication studies of excellent previous work would strengthen existing data,
especially if larger subject pools could be found.

Carrying out this sort of work by way of an agreed research agenda and disseminating
results as soon as they came to light, would advance this controversial field tremen-
dously and might help to avoid the notorious re-invention of the wheel. Our Research
Centre for New Media in Language Learning has made a modest start in this direction,
and we would welcome co-operation from interested colleagues world-wide.
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