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Preface

Meta-analysis is a method for systematic literature reviews on a certain sub-
stantive question of interest. In contrast to the more traditional narrative re-
view it explicitly includes elaborate methods for an evaluation of a correspond-
ing research database. Meta-analysis is one of the more recent additions to the
researchers’ methods toolbox. It enjoys a growing interest in many research
domains beyond subdisciplines of psychology as well as in methodology and
statistics. The increasing number of research articles, using and further devel-
oping this method, are indicative of its perceived high value for researchers.
Yet, there are also controversies still surrounding this method, parts of which
are concerned with the implications of meta-analysis for the entire research
endeavor, that is, how we should conduct research and how to interpret sin-
gle study outcomes. Notwithstanding such controversies, meta-analysis has
become a standard in the methods canon, at least in psychology but also in
other disciplines like medicine as well. Hence, when considering these facts,
one might easily think that there must be a consensus on an exactly specified
single best way to conduct a meta-analysis, because it appears as such a well-
established method in widespread use.

At least for correlation coefficients as effect sizes — on which the present
book focuses — this is not the case. There are several specific sets of procedures
available, so-called approaches to meta-analysis, and the research consumer of
meta-analyses is confronted with their application in various contexts. In such
a situation one may presume that differences in procedures are inconsequential
for the substantive results, or alternatively wonder whether the application of
different procedures may lead to differences in results. The meta-analyst who
wants to conduct a review of the literature also faces the situation of many
available approaches and has to make an informed choice between them.

This book provides an in-depth analysis and evaluation of extant meta-
analytic approaches for correlation coefficients as effect sizes. The approaches
are described and compared from a theoretical-statistical viewpoint as well as
on the basis of the results of a Monte Carlo study. Under which circumstances
the approaches produce comparable results and when they differ substantially
is evaluated. The adequacy of the specific procedures for the application to a
series of potential true situations in a universe of studies is assessed and a
comparative evaluation of the approaches is thus provided.

The book is divided into four parts. In Part I, the basics of meta-analysis
are introduced. The development and growth of the method is described from
a bird’s eye view. The basic steps of meta-analysis are explicated and briefly
summarized with respect to their function for a review of the literature. In
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this first part, the fact is highlighted that several author groups from different
research domains in psychology have more or less independently established
sets of procedures for meta-analysis. The emergence of these approaches is
described to have eventuated partly for historical reasons and also because
of the strong interest of the approaches’ proponents in certain substantive re-
search problems from the areas of industrial and organizational (I/O) and clin-
ical psychology, respectively. It is shown that most of the basic steps of meta-
analysis — from problem formulation to public presentation of results — are
in fact common to all approaches, but several differences in procedural details
at the analysis stage prevail. The analysis step of meta-analysis is the main
subject of the second part.

In Part II, statistical methods of meta-analysis are specified. This part of
the book begins with a chapter on effect sizes, the data used in meta-analysis.
The properties of the most famous families of effect sizes, correlation coeffi-
cients r and standardized mean differences d, are described from a theoretical
viewpoint. A clear emphasis is, however, placed on the properties of corre-
lations. Beyond such a description, several characteristics of the effect sizes,
supposedly of relevance for the comparison of approaches, are analyzed and
the conversion of effect sizes from both families is specified.

After the presentation of effect sizes, general frameworks of meta-analysis
are presented. The general frameworks are fixed versus random effects mod-
els, mixture models, and hierarchical linear models. These frameworks are
very helpful to look at the approaches of interest from a very general perspec-
tive to recognize their particularities and limitations. Furthermore, the models
are introduced to enable a classification of the subsequently outlined specific
approaches to meta-analysis of correlations. The most well-known approaches
are specified in detail in this part of the book. Moreover, several refinements
of the approaches are presented, some of which can be classified as fixed and
some as random effects model approaches.

Furthermore, the series of models leads to certain classes of situations for
the application of meta-analysis. The framework of mixture models is used
to conceptualize the research situation of meta-analysis and the specific situa-
tions under investigation in the Monte Carlo study in Part III. The situations
of relevance are the homogeneous case with only one constant effect size in
a universe of studies and heterogeneous cases. The first heterogeneous case
is specified as a uniform two-point distribution of different universe param-
eters to be estimated, and the second case is a continuous distribution in the
universe of studies.

After having presented and examined the approaches in detail, some con-
sequences of choosing between approaches are pointed out from a theoretical
viewpoint. It is shown that such a choice is not inconsequential in general,
as is often implicitly assumed. The approaches are finally compared and sta-
tistical methods are summarized. The classification and comparison of the ap-
proaches is done with respect to the following characteristics: fixed versus ran-
dom effects models, use of effect size measure (correlation coefficient, Fisher-z
transformed correlations, corrected versions of correlations, and transforma-
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tion of r to d), and weighting scheme used. All of these characteristics are
proposed to be relevant for the outcomes of meta-analysis and approaches are
differentiated along these lines.

In another major part of the book, Part III, the results of an empirical com-
parison between the approaches by using Monte Carlo methods are presented
and differences in results are investigated. The very common assumption of
researchers that the choice of an approach is merely a matter of taste and that
results from applying different approaches to the same data are not different is
once more scrutinized in this part of the book. The refined approaches consid-
ered in Part II are also part of the Monte Carlo study so that their quality can
be assessed in comparison to more well-known approaches.

The theoretical analyses and results of the Monte Carlo study are summa-
rized and discussed in Part IV. Recommendations for the application of meta-
analytic methods to a database of correlations are provided and the implica-
tions of using suboptimal methods is discussed.

It is hoped that the presented analyses and results will help to further un-
derstanding and evaluation of the methods of meta-analysis. In addition, it
is hoped that the present book will be instrumental for the interested meta-
analyst and research consumer in making an informed choice and evaluation
of the approaches and the corresponding results.

I am much obliged to the following individuals whose support have made
this book possible or helped make it better than it otherwise would have been:
Dankmar Böhning, Michaela Brocke, Vanessa Danthiir, Heinz Holling, An-
dreas Jütting, Malte Persike, Bernd Schäfer, and Oliver Wilhelm.

Of all the individuals who were supportive in a scientific sense in writing
this book, I am most grateful to my colleague Heiko Großmann. The many
day- and nighttime discussions with him will be a lasting pleasant memory.
His suggestions were helpful at all times and his criticisms always a chal-
lenge. They have changed the way I think not only about the methods of
meta-analysis, but also in a wider sense about my work.

Last but not least, I would like to thank my wife Claudia, whose incredible
patience with me and enduring will to support my work in all conceivable
ways continues to amaze me.

RALF SCHULZE

MARCH 2004, MÜNSTER
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Part I

Introduction





1
The Growth of Meta-Analysis and

Implications for Methodological
Controversies

The research literature in most fields of science is steadily growing at a seem-
ingly ever increasing rate. Nowadays, it appears to be virtually impossible for
a researcher even in a relatively restricted field of study to keep track of all rel-
evant published articles. Hence, there is a strong need for summaries of recent
theoretical and empirical results in all scientific areas. Traditionally, there are
reviews published in periodicals like the Annual Reviews, for example, where
experts of the field are invited to present the current state of a field of study.
Besides the function to inform interested researchers about the recent develop-
ments and findings such reviews are also relevant for an evaluation of the state
of knowledge of a scientific area and even to guide decisions of policymakers
to find scientifically well-founded solutions for everyday problems. However,
clear-cut summaries of a research field are only easily established with a fairly
consistent empirical basis, which is rather an exception than the rule, at least
in the social sciences.

As Hunter and Schmidt (1996) have described for the field of psychology,
making sense of heterogeneous results can be rather frustrating not only for
researchers but also for policymakers. This may have the adverse effect of
a negative appraisal of a whole scientific area potentially leading to cuts in
funds and bad reputation. This kind of situation characterized the state of af-
fairs in psychology in the early 1970s in the United States, with the negative
consequences just described. It was in this climate when researchers became
more occupied with the way summaries and reviews were actually carried
out. Although the problem of summarizing the state of knowledge was not
an entirely new one, the scientific examination of the review process itself was
immensely intensified from this time on and ideas on the methods for a syn-
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thesis of research began to appear in publications (e.g., Light & Smith, 1971).
Yet it was not until Gene Glass coined the term meta-analysis (Glass, 1976) that
the ways to conduct literature reviews and the synthesis of empirical evidence
in a field of study became a research area of its own. From this point of time on
increasing research activity was devoted to the development of guidelines and
techniques for the conduct of systematic reviews now having its own name
meta-analysis. However, meta-analysis was not associated with the invention
of a new research problem, as Olkin (1990) has highlighted (see also Hunt,
1997), but with calls for more procedural and statistical rigor in the prepara-
tion of literature reviews. It is this rigor that still most prototypically marks
the difference between traditional reviews and meta-analysis.

However, this was not the only attribute which appealed to members of the
scientific community. The introduction of meta-analysis to the statistical tool-
box was not totally detached from substantive problems. The motivation for
its development was sparked by the interest to find answers to two very im-
portant problems in psychology, namely the comparison of the effectiveness
of psychotherapies on the one hand, and the situational specificity of predic-
tive validities of personnel selection procedures in occupational settings on
the other. The former problem motivated Glass and co-workers to develop
their methods of meta-analysis (see Glass, McGaw, & Smith, 1981). They sub-
sequently published the first meta-analysis in clinical psychology (Smith &
Glass, 1977) which provoked great interest1 as well as harsh criticism of the
method (Eysenck, 1978). The latter problem was addressed — coincidentally
at the same time — by Schmidt and Hunter, and resulted in the development
o6f their methods (Schmidt & Hunter, 1977), followed by applications in the
area of personnel selection (for a recent overview, see Schmidt & Hunter, 1998).
Thus, meta-analysis forcefully caught the attention by the early 1980s via two
routes, methodological rigor and the potential to provide an elegant solution
to substantive research problems.

After the inauguration of the term, presentation of procedural details, and
publication of the first applications, meta-analysis was quickly adopted in the
scientific field, and psychology in particular. This growth of meta-analysis in
the past 30 years can be illustrated, for example, by the frequencies of pub-
lished articles related to meta-analyses.

Figure 1.1 depicts the number of publications up to 2003 that matched the
query “meta-analy* or metaanaly* or ’integrative review’ ” in two of the main
databases of psychological research literature: PsycINFO (mainly English lit-
erature) and Psyndex (mainly German literature). The “hits” in this literature
search represent articles concerning the development and evaluation of the
statistical methods as well as applications of meta-analysis in psychology. It
is clearly evident that the new field of research is still growing and tends to
produce itself an enormous amount of research articles. As a caveat, however,
it must be added in this context that the number of articles per year includ-

1At the time of writing, this article reached a citation count of 749 in the ISI Web of Knowledge.
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Figure 1.1 Number of publications in the research databases PsycINFO and Psyndex
from 1974 to 2003.

ing these search terms may partly reflect expanded journal coverage of the
databases. Nevertheless, along with this rising interest in the development and
applications of meta-analysis the technique also seems to have been adopted
in the canon of research tools in psychology. This is evidenced, for example,
by the fact that general introductions to meta-analysis have found their way
into general methodological handbooks (Cooper & Lindsay, 1998) as well as
treatments of methods in more specific areas like social and personality psy-
chology (e.g., Johnson & Eagly, 2000), organizational psychology (e.g., Holling
& Schulze, in press), and clinical psychology (e.g., Durlak, 2003).

In some areas of research in psychology, there is now even a need to summa-
rize applications of meta-analyses to keep track of the main empirical results
in a field of study. There are, for example, mainly narrative reviews of meta-
analyses for entire subdisciplines of psychology (e.g., Hunter & Hirsh, 1987;
Tett, Meyer, & Roese, 1994) as well as more focused and even quantitative re-
views (i.e., “meta-analyses of meta-analyses”), for instance on the relationship
between personality measures and performance (Barrick & Mount, 2003) and
personnel selection (Hermelin & Robertson, 2001). Moreover, the integration
of meta-analytical findings can also be used to assess methodological effects
in scientific research (e.g., Wilson & Lipsey, 2001). There are even reviews of
meta-analyses for psychology as a whole discipline (Lipsey & Wilson, 1993)
which are generally favorable in results as far as the effectiveness of psycho-
logical treatments is concerned. This fact may also have contributed to the
popularity of meta-analysis as a new research tool, because it was associated
with the promise of revealing “true” effects of psychological treatments which
are otherwise buried in an enormous morass of contradictory study findings.

Interestingly, with respect to the seemingly inconsistent and highly variable
results in psychology and related fields already mentioned, the application of
meta-analysis also lead to the conclusion that the results in psychology are ac-
tually no more variable than results in some quarters in the physical sciences,
which often are taken as the standard of so-called hard sciences (Hedges, 1987;
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but see also Sohn, 1997, for a contrarian view). This possibly added to the
evolving positive attitude towards meta-analysis, at least for those social sci-
ence researchers somewhat envying their colleagues in the natural sciences for
their hard facts.

Moreover, supplementing the expectations of unravelled research contro-
versies by applying meta-analytic methods, meta-analysis was also proposed
to even be a useful tool for theory development and testing (Miller & Pollock,
1995; Viswesvaran & Ones, 1995). Hence, in addition to serving an expedient
function for the synthesis of extant empirical evidence, meta-analysis may also
have the promise to generate new knowledge in a field of study and help in
developing and testing new theories. Furthermore, its results may also be used
to focus new research efforts and designs on interesting effects emerging from
its application (see Czienskowski, 2003).

In addition to these results now rather indicating the successful application
of psychological interventions, meta-analysis has also been connected with
more far-reaching implications within the realm of epistemological questions
of scientific research in the social sciences. The related discussion in method-
ological quarters of the social sciences centered around the notion of science
as an endeavor of the accumulation of knowledge and the way current em-
pirical practices may have to be changed with the methods of meta-analysis
at hand, especially the use of significance tests in the social sciences. Whether
science in its entirety, and social science in particular, is cumulative in nature
is a controversial issue that has its supporters (e.g., Hunter & Schmidt, 1990,
1996; Schmidt, 1992; Schmidt & Hunter, 1995) as well as critics (e.g., Meehl,
1978, 1990; Sohn, 1997). Meta-analysis as a research tool touches upon this
issue for it is applied to synthesize current knowledge and its results are sup-
posed to “reveal” or even prove the cumulation of knowledge by “cleaning up
and making sense of research literature” (Schmidt, 1992, p. 1179). This con-
veys the notion of psychology as a research discipline that produces reliable
and useful results, a highly welcomed point of view for scientists and the re-
search consumer with a positive attitude towards the social sciences. Further-
more, it has been claimed that meta-analysis is a valid tool to fundamentally
change current research practices by replacing significance tests, which have
been identified as retarding cumulation of scientific knowledge (Rossi, 1997;
Schmidt, 1996; Schmidt & Hunter, 1997). Along with this position comes a
devaluation of the impact of individual studies and the view to regard them
only as data points for a subsequent meta-analysis. Again, there are also crit-
ics of meta-analysis that raise serious doubts about the notion of accumula-
tion of knowledge in (social) sciences and support significance testing as a tool
in a theory-corroborating scientific approach (e.g., Chow, 1988; Mulaik, Raju,
& Harshman, 1997). Although the notion of devaluing individual studies as
merely providing data points for a meta-analysis has also been heavily crit-
icized (Harris, 1997; Landy, 2003; Sohn, 1995, 1997). A discussion of these
issues can be found, for example, in the volume edited by Harlow, Mulaik,
and Steiger (1997) devoted to the significance test controversy in psychology.
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However, critics did not only address philosophy of science issues. Appli-
cations of meta-analysis were also criticized for various other reasons mostly
on substantive grounds (e.g., Eysenck, 1978). Objections were raised, for ex-
ample, under such headings as “mixing of apples and oranges” to point out
potential problems in meta-analyses combining results from studies in which
very different characteristics were measured (see also Cortina, 2003), exper-
imental manipulations were different, and so forth. Moreover, the so-called
“garbage-in, garbage-out” objection addresses the problem of pooling studies
of very different quality, an issue that may, however, be dealt with within the
framework of meta-analysis (Wortman, 1994).

In sum, meta-analysis is not only regarded as a new data-analytical tool,
but it is also associated with more far-reaching consequences, though the role
of meta-analysis in the ongoing significance test controversy in the method-
ological literature is not yet entirely fixed (Andersson, 1999; Chow, 1996), and
the replacement of significance testing by meta-analysis has not taken place
to date (Hubbard, Parsa, & Luthy, 1997). This replacement will presumably
also not happen in the future since the excessive promises associated with the
method are still opposed by challenges of the usefulness of meta-analysis as
a method to synthesize the research literature (e.g., Bobko & Stone-Romero,
1998; Chow, 1988). General reviews of meta-analysis as a method also dis-
cussing various problems that may be associated with it can be found in detail
elsewhere (Beelmann & Bliesener, 1994; Bailar, 1995; Sharpe, 1997).

Finally, it is interesting to note that meta-analysis is now also widely rec-
ognized in other sciences like medicine (Dickersin & Berlin, 1992; Normand,
1999; Sutton, Abrams, Jones, Sheldon, & Song, 2000) with positive appraisal in
majority (Lau, Ioannidis, & Schmid, 1998; but see also Bailar, 1995; Feinstein,
1995). Controversies like the one described above do not seem to have taken
place but other methodological issues are more intensively debated. For ex-
ample, the value of meta-analysis is challenged on the grounds that it is more
of an observational study type and may therefore not lead to reliable causal
claims (see e.g., Sauerbrei & Blettner, 2003). This controversy, in turn, is not an
issue in psychology where meta-analyses are classified as quasi-experimental
(e.g., Farley, Lehmann, & Ryan, 1981). Furthermore, even when considering
the same issues researchers in different fields seem to come to different con-
clusions. For example, whereas in psychology single studies are not given
very high value in deciding upon controversial research issues (for reasons, see
Gadenne, 1984), single (large) clinical trials are taken as a standard of compari-
son for the results of meta-analyses. They are even used to judge the validity of
claims made on the basis of meta-analytical results. Hence, different research
traditions lead researchers to focus on different issues and potential problems
of meta-analysis and may fruitfully complement each other in advancing the
development of the techniques (for an overview of recent developments in
medical and social sciences, see Schulze, Holling, & Böhning, 2003).





2
Basic Steps of Meta-Analysis and the

Emergence of Approaches

Up to this point it has not been clearly stated how the stronger procedural and
statistical rigor of meta-analysis in comparison to traditional reviews manifests
itself. In this chapter, the basic steps of meta-analysis will be outlined. Meta-
analysis is conceived as a process comprising several steps of which one —
methods of statistically aggregating study results — is the main focus of this
book. Before the statistical details will be presented in the next chapter, meta-
analysis will be presented from a bird’s eye view. The emergence of meta-
analytical approaches is outlined subsequently.

2.1 BASIC STEPS OF META-ANALYSIS

It is useful to commence with the introduction of terminology. Most researchers
are familiar with methods to analyze original data from an individual study.
Such analyses will be called primary analyses in the present context. Another
form would be secondary analysis which designates a reanalysis of existing data
to apply different and supposedly better analytical methods and/or to answer
new research questions (Glass, 1976). This latter form of data analysis will not
be of concern in what follows.

Normally, the data in primary analyses results from measurements of per-
son characteristics (individual units), like abilities, attitudes, and the like. A
primary analysis is mostly conducted to describe these characteristics and/or
relate them to or explain them by other variables. Thus, in a study on the
predictive validity of an intelligence test for job performance, for example, a
number of n persons participates in a study and provides a number of n pairs
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of observatíons for the two variables.1 As a result of a primary analysis, the
typical outcomes are a correlation coefficient for the two variables and a test
statistic to make inferences to a population. In this case, the correlation coeffi-
cient is a measure of effect size, because it expresses the strength of the (linear)
relationship.

Now consider that after publication of the results of the first study a second
one on the same relationship is conducted. In the second study a new sample
is drawn with a different number of n individuals, and the correlation is again
computed in a primary analysis. Additionally suppose that the effect size in
the second study is different from the first one. The question — typical for all
literature reviews — arises what a good summary of both studies’ results is in
the given case. Further assume that the second study could be considered to be
a replication of the first one. That is, the same measures were used, the sample
was drawn from the same population, and so forth. Under these circumstances
it would be reasonable to pool the data of both studies, if available, to arrive
at a single effect size based on the total sample of both studies. Unfortunately,
this is rarely the case and the task then still is to somehow summarize the effect
sizes.

Taking this idea of additional study results on the same research question
further, a situation is given that calls for an integrative review of empirical
studies. Such a situation is illustrated in the lower and middle part of Figure
2.1 (Level 0). Here, different individual units are sampled in a number of k
different studies on a common research question.2 At this zero level, primary
analyses result in empirical reports to be summarized, which include a number
of (at least) k effect sizes. Figure 2.1 provides an illustration with correlations
(r1, . . . , rk) as effect sizes — the main focus of the present book. Of course, it
is not necessary to always collect pairs of observations at Level 0, nor is this
process only applicable to correlations as effect sizes.

In a broad sense, meta-analysis is a systematic process of quantitatively
combining empirical reports to arrive at a summary and an evaluation of re-
search findings. This “analysis of analysis”, as Glass (1976, p. 3) has defined it,
can be located in the upper part of Figure 2.1 (Level 1). In analogy to primary
analysis, it includes the statistical aggregation of individual units. In contrast
to primary analysis, however, the individual units are aggregate measures re-
sulting from Level 0 analyses. The result of a meta-analysis is symbolized only
by θ in Figure 2.1. Much more will be said about such a pooled estimate of an
effect size in the following chapters. Here, it suffices to say that one of the aims
of most meta-analyses is to arrive at such a single summary measure.

Nevertheless, meta-analysis is characterized by many more attributes than
simply a step of statistical aggregation. One of the other important attributes
of meta-analysis is the more general call for a stronger procedural system-

1That is, a total of n pairs (x1, y1), . . . , (xn, yn) are observed, where x1 denotes the intelligence
score of Person 1 and y1 his/her job performance score in the example.
2Of course, sample sizes need not be the same in such studies, a fact that is not necessarily
clear when inspecting Figure 2.1.



BASIC STEPS OF META-ANALYSIS 11

Individual
Units

Empirical
Reports

Evaluation of
Research Findings

Primary
Analysis

Level 0

Level 1

r1

r2

r3

rk
...

...

q

(x y2)2, (x yn)n,(x y1)1,
...

(x y2)2, (x yn)n,(x y1)1,
...

(x y2)2, (x yn)n,(x y1)1,
...

Meta-
Analysis

Figure 2.1 Different levels of analysis: Primary analysis and meta-analysis.

atic reviewing of the literature. Correspondingly, several guidelines for meta-
analysis have been published. Some focus more on the whole process (e.g.,
Jackson, 1980), others rather give methodological guidelines (e.g., Cook, Sack-
ett, & Spitzer, 1995). One widely accepted specification of the stages or conduct
of a meta-analysis was presented by Cooper (1982; Cooper & Hedges, 1994a),
which is formulated in close analogy to the stages of primary analysis:

1. Problem formulation

2. Data collection

3. Data evaluation

4. Analysis and interpretation

5. Public presentation

For each of these stages, attempts were made to clarify the questions to be
answered and the methods to arrive at the respective solutions to problems
posed. At every stage there is a demand of the meta-analyst for a maximum of
explicitness. The whole process of reviewing has to be structured, and it has
to be made reconstructible to the research consumer as to how the reviewer ar-
rived at his conclusions. Thus, one of the main criticisms of traditional reviews
is addressed by this requirement.

The first stage not only includes the tasks of clearly specifying the research
question to be answered by a review and laying the foundations of exclu-
sion and inclusion criteria for the studies to be synthesized, but also covers
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questions about what statistical model is to be assumed in a meta-analysis.
The problems and corresponding solutions for the formulation of the research
question to be answered are presented by Hall, Tickle-Degnen, Rosenthal, and
Mosteller (1994) in detail and need not be repeated here. What is of much
greater concern for the present study are the statistical models available for
research synthesis. The available models will be presented and discussed in
considerable detail in Chapters 4 and 5. It is important to note that first, statis-
tical matters are not only questions about the proper formulae to use, they are
also conceptual questions that cannot be answered on the sole basis of empirical
results (Hedges, 1994b). Much of the theoretical as well as empirical parts of
the present book are devoted to the explication of models and evaluating the
performance of statistical procedures associated with different models when
their assumptions are met or violated.

The second and third stages of the process concern data retrieval and its
evaluation. Tasks and potential problems arising in connection with the for-
mer step are presented by White (1994) as well as Reed and Baxter (1994). Data
evaluation is the task to judge the quality of the retrieved literature and (op-
tional) assignment of quality scores to the studies under review that can be
used in subsequent steps to weight the studies in the process of aggregation
(Wortman, 1994). Of course, catalogues of quality criteria are essential at this
stage and are available for research in medicine (Chalmers et al., 1981) and
psychology (Shadish, Cook, & Campbell, 2002), for example. The idea guiding
these two steps is to disclose procedures and criteria for data collection, se-
lection, and weighting in the process of synthesizing. Traditional reviews are
often criticized for not being explicit enough at these stages in particular.

Before collected data is actually aggregated, it has to be extracted from the
available empirical reports. What is meant by the extraction of data will be
detailed in Chapter 3 on effect sizes. The task to be dealt with here is to quan-
tify the results of interest in a measure of effect size common to all studies
under investigation. The quantification to be carried out aims at making the
results of the studies amenable to statistical aggregation. This represents an
essential part of a meta-analysis on the one hand, and another important dif-
ference to the narrative review on the other. Hence, meta-analyses are in gen-
eral also more precise in results as compared to traditional reviews and enable
the meta-analyst to make statements about the size of an aggregate effect and
its significance. This goes beyond more vague summary statements ordinarily
made in narrative reviews. For the last stage of presenting results of a meta-
analysis there are also rather precise guidelines. Special forms of reporting
meta-analytical results have also been developed. More information on this
topic can be found in the works of Halvorsen (1994) as well as Light, Singer,
and Willet (1994).

In sum, all these stages of meta-analysis can be characterized as an effort
to more precisely structure the whole process of reviewing the literature, ex-
plicitly state the goals, and give guidance as to how to tackle with potential
problems of each stage. Comparisons with traditional reviews, for example
by Cook and Leviton (1980), are therefore strongly in favor of meta-analysis


