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Abstract

This article explores the role of meta-analysis and systematic review in developing and
refining empirical theories in educational sciences. It highlights the method’s value in
synthesizing research findings, identifying patterns, and improving the explanatory
power and coherence of theories. It also underscores the skepticism present in acade-
mic circles, especially concerning meta-analysis. While meta-analysis is widely used in
evidence-based approaches, its adoption in educational research sometimes remains
locally limited due to concerns about data quality, methodological heterogeneity, publi-
cation bias, and perceived epistemic incompatibility with constructivist or interpretive
paradigms. The author argues that these challenges can be addressed through me-
thodological rigor, data transparency, proper contextualization, and interdisciplinary
training in statistics, epistemology, and logic. Meta-analysis is presented not only as
a statistical tool, but as a means of supporting intellectual inquiry and collaborative
theory-building. The article calls for greater integration of meta-analytic methods into
education research, emphasizing their potential to enhance the quality, comparability,
and transparency of scientific knowledge.
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SLAWOMIR PASIKOWSKI

Metaanaliza dla wsparcia teorii empirycznych w naukach
o edukacji

Abstrakt

Artykut analizuje role metaanalizy i systematycznego przegladu literatury w rozwija-
niu i doskonaleniu teorii empirycznych w naukach o edukacji. Podkresla warto$¢ tych
metod w syntezowaniu wynikéw badan, identyfikowaniu wzorcéw oraz zwiekszaniu
spojnosciimocy eksplanacyjnej teorii. Zwraca tez uwage na Srodowiskowy sceptycyzm,
zwlaszcza wobec metaanalizy. Cho¢ metaanaliza jest szeroko stosowana w podej$ciach
opartych na dowodach, jej wykorzystanie w badaniach edukacyjnych bywa lokalnie
ograniczone - gtéwnie z powodu obaw dotyczacych jakosci danych, heterogenicznosci
metod, stronniczos$ci publikacyjnej oraz spostrzeganej niekompatybilnosci epistemicz-
nej z podejsciami konstruktywistycznymi lub interpretatywnymi. Autor przekonuje, ze
wyzwania te mozna przezwyciezy¢ dzieki rygorowi metodologicznemu, transparent-
nosci danych, wlasciwemu kontekstualizowaniu oraz interdyscyplinarnemu przygoto-
waniu z zakresu statystyki, epistemologii i logiki. Metaanaliza przedstawiana jest nie
jako narzedzie wylacznie statystyczne, lecz jako wsparcie dla intelektualnych dociekan
i wspoélpracy teoretycznej. Artykul apeluje o silniejsze wiaczenie metaanalizy w ba-
dania edukacyjne, podkres$lajac jej potencjat dla poprawy jakos$ci, poréwnywalnos$ci
i przejrzystosci wiedzy naukowe;j.

Stowa kluczowe: podejscie oparte na dowodach, metaanaliza, teoria, systematyczny

przeglad literatury.

Introduction

One of the key objectives of scientific disciplines is to build theories of the phenom-
ena that are the subject of those disciplines’ research. Such theories, in addition to
describing phenomena, also allow for understanding, explanation, and prediction.
However, it is widely acknowledged that for theories to be effective in these respects,
they must be coherent, non-contradictory, and possess explanatory power. Moreo-
ver, in empirical sciences, theories concerning phenomena under investigation must
meet the requirement of non-verbal interpretation of terms and the requirement of
the decidability of referring names to the objects they designate by means of obser-
vations (Przetecki 1988; Hempel 1964). In other words, these theories must be em-
pirically verifiable and confirmable. Consequently, the commonly used framework
for theory testing or theory building involves the collection and analysis of data.
However, to paraphrase Ludwig Wittgenstein’s note (Wittgenstein 1958: 47), prob-
lems are not solved only by providing new information, but also by organizing what
is already known. This means that the collection of new observations is not always
necessary or reasonable in the process of determining a theory’s validity. And this is
not about analyzing the consistency and non-contradiction of the system of sentenc-
es that constitute a theory. Rather, what is meant here is an analytical solution that
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does not evaluate the sentences forming a theory, but instead the values of metrics
and results reported in already completed research studies. What is more, this solu-
tion creates the conditions for theory development, for example in the educational
sciences, that can demonstrate the three characteristics mentioned earlier - at least
to an acceptable degree. This solution is meta-analysis.

The aim of this article is to highlight the potential of meta-analysis in the context
of building and developing empirical theories in educational sciences, as well as to
examine the circumstances surrounding the reception of this method in the research
community. This means that the characteristics of the method will be presented in
general terms, with some discussion of its advantages and potential drawbacks, but
without an in-depth presentation of the technical aspects of the method. A systemat-
ic overview of the topic of empirical theories will also be omitted. First, there already
exists a rich and classical literature on this subject (e.g., Hempel 1965; Lakatos 1989;
Merton 2017; Popper 2002; Reichenbach 1963; van Fraassen 2004), and second, the
intention of this article is to focus specifically on the methodological issue.

Method description

Meta-analysis is a method whose origins date back to the early 20th century, although
its development is closely tied to the advancement of statistics and the computeriza-
tion of the data analysis process (Pigott, Polanin 2019). Its value has been widely
recognized, and its dissemination gained extraordinary momentum once attention
was drawn to the limitations of making claims about observed reality based on indi-
vidual primary studies and the shortcomings of the statistical hypothesis verification
theory - both due to issues related to sample representativeness and the evaluation
of statistical test power (Schmidt 1992). Although it is often treated as an independ-
ent method, meta-analysis should, in fact, be considered in conjunction with the
method known as the systematic literature review (Harrer, Cuijpers, Furukawa, Ebert
2022). A systematic literature review involves synthesizing published knowledge
using so-called review protocols. The review may include research results regardless
of the topic and methodical solutions used, although it is important that they con-
cern the same issue, e.g., a specific relationship between specific variables (Gough,
Oliver, Thomas 2017). Systematic searching means that the search and selection are
conducted according to specific criteria, such as defined keywords, character strings,
and other symbols that allow the identification of all publications or studies consid-
ered Kkey to the subject of the analysis. The results of a properly conducted systematic
review provide the research material that can be used in meta-analysis. Meta-analy-
sis, in turn, based on the statistical aggregation of separate research findings, enables
the assessment of the current state of empirical knowledge and the validity of theo-
ries concerning a given phenomenon. As a result, meta-analysis initiates the process
of formulating new hypotheses and guides the search for new sets of sentences re-
garding observed phenomena.
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Meta-analysis can focus on studies examining population differences, rela-
tionships between variables, or the psychometric properties of measurement
tools. The key objective of meta-analysis is to highlight what is replicable across
sets of primary studies. This approach stems from the observation that relying on
a single study or project carries a high risk of generating artifacts. Any individual
empirical study is subject to limitations due to various forms of bias. The well-
known statistical principle - stating that deviations from expected values tend to
cancel each other out - illustrates the foundational principle behind meta-anal-
ysis. If an observed effect in a single study is confirmed by other previously or
simultaneously conducted studies, its credibility increases. However, it must also
be remembered that similar results may be subject to various distortions, such
as those related to the sample and its size, so the issue of data quality is a critical
concern in meta-analysis as well.

In addition to the benefits gained from observations made within individual
projects and compiled into a set of research findings, meta-analysis offers further
advantages stemming from the accumulation of knowledge that accounts for the lim-
itations related to sample sizes. One such benefit is the potential to discontinue cer-
tain lines of exploration. The meta-analytical approach allows to determine whether
the effects reported in individual studies attain the status of confirmed findings or
whether they are artifacts. In either case, continuing research aimed at answering
the same research questions may no longer be justified.

Meta-analysis provides information about the distribution of effect sizes, in-
cluding key parameters such as the expected value and variance of effect size. This
makes it possible to highlight what, and to what extent, recurs across different stud-
ies. It is important to note that meta-analysis relies on aggregated data, not on raw
data collected in primary studies. These aggregated data are statistical metrics de-
rived from the original studies. The type of metrics depends on the statistical meth-
ods used in the primary research, although they usually include descriptive statis-
tics, correlation coefficients, odds ratios, test statistics, and effect size coefficients.
The core strength of meta-analysis lies in its synthetic approach to primary research
findings, which allows researchers to determine how much of what was predicted
by assumptions and theories has actually received empirical confirmation. This is
extremely valuable knowledge that cannot be provided by any single study, as pri-
mary studies are burdened with errors, often unavoidable, that distort the image of
the phenomenon being investigated. By relying on the well-known statistical mech-
anism of offsetting deviations from expected values, meta-analysis provides a less
biased picture of the studied phenomenon. However, the quality of meta-analytical
results is still contingent on the quality of the primary studies, including the em-
pirical material underlying the primary observations. For this reason, conducting
a meta-analysis is subject to rigorous methodological recommendations, such as
presenting: justification of the review, review plan, research questions, data search
strategy plan (for literature and studies), including selection criteria (e.g., keywords
used to search databases), screening strategy, design of coding protocol, strategy
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and analysis plan, including statistical model (e.g., fixed-effects or random-effects
models), methods for data cleaning and transformation, methods of handling with
missing data. It is recommended that all these elements be documented in a proto-
col, including also the synthesis of study effects, explanation of variability in effect
sizes, interpretation of results, testing for publication bias in the systematic review,
and data sharing from the review process (Pigott, Polanin 2019). Furthermore, it is
expected that researchers provide the scripts used in automating the data search,
analysis, and visualization processes. Pre-registration of the meta-analysis is also
recommended to clearly distinguish a priori assumptions and hypotheses from
those formed after the data have been collected, i.e., exploratory in nature. This
helps eliminate HARKing (Hypothesizing After the Results Are Known), a practice
that not only reduces the transparency of the study but also misleads readers re-
garding the theoretical framework, diminishes the replicability of the research, and
increases the risk of false-positive findings.

The aforementioned recommendations and expectations ensure the transpar-
ency and detail of the meta-analytical procedure and the materials used, thereby pro-
viding a foundation for the rational assessment of the quality of both the procedure
and the research findings, as well as enabling replication of the study. Moreover, they
can serve as a basis for conducting a meta-analysis of meta-analyses, known as “Um-
brella Meta-analysis” (Ioannidis 2009; Slim, Marquillier 2022). This is feasible both
from the perspective of the theoretical foundations of the method and due to the
technical solutions available through the R platform and the Jamovi application, for
example (Gosling et al. 2023).

Skepticism toward meta-analysis in the educational sciences

Despite the widely emphasized potential of meta-analysis in literature, it still elicits
a degree of skepticism. One of the main reasons is the high and difficult-to-control
dependence of its outcomes on the quality and availability of data. Studies are con-
ducted within various frameworks and employ different methods, which complicates
the process of integration. To address this, special protocols have been introduced,
such as PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses; Moheret al. 2009) and AMSTAR (A MeaSurement Tool to Assess Systematic Re-
views; Shea et al. 2017). However, a persistent issue remains: the unjustified lack of
standardization in how studies are conducted, specifically in terms of measurement
procedures, data analysis, reporting, and interpretation frameworks.

Significant concerns also revolve around the persistent and often unavoidable
problem of missing data. This issue stems not only from limited access to relevant
publications but also from inconsistencies in scientific communication standards.
Some data and statistical metrics are simply not reported by the original study au-
thors. Nevertheless, meta-analysts are not powerless. There are recommended meth-
ods for data supplementation, including various more or less advanced techniques
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for statistical data imputation (Audigier et al. 2018; Grund, Ludtke, Robitzsch 2018).
Furthermore, the aforementioned recommendation to report the quality of material
used in a meta-analysis also supports this effort.

Another major challenge is publication bias, which poses a serious threat to
the accuracy of meta-analytical findings. Publication bias involves not only the ten-
dency to avoid publishing studies with unexpected or non-significant results, but
also the exclusion of such studies from meta-analyses (e.g.,, Cumming, Calin-Jage-
man 2017). This usually concerns statistical significance tests where p > a. To ad-
dress this challenge, it is recommended to search public repositories to uncover
all relevant studies, including not just journal articles, but also online reports,
conference presentations, and student theses. Additionally, direct contact with re-
searchers working in the field is encouraged, asking them for information about
unpublished or overlooked studies (Pigott, Polanin 2019). Although there are also
analytical methods to support the assessment of publication bias, such as visual
inspection of a funnel plot and Egger’s test of funnel plot symmetry (Page, Higgins,
Sterne 2019), and others, including the advanced approach of robust Bayesian me-
ta-analysis using the concept of posterior probability and heterogeneity among ef-
fect sizes in the evaluation, comparison and selection of models (Bartos et al. 2023,
Vevea, Hedges 1995).

Doubts and reservations about meta-analysis also arise from the heterogeneity
of definitions (i.e., identical search terms referring to different concepts), differences
in the operationalization of variables, and divergent research methods used in pri-
mary studies. Understandably, making comparisons without aligning this conceptual
and methodological layer becomes problematic, since differences in operationaliza-
tion and research methodics often mean that results pertain to entirely different is-
sues or different aspects of the same issue. This resulting variability may involve the
type of research intervention, the target population, the data collection or analysis
methods used, or even the overall quality of the studies. Each of these multilevel fac-
tors can be controlled by treating them as moderators of effect size and examining
covariances between specific effect sizes, each of which is nested within a particular
study. A common solution to address such variability is the use of meta-regression
(Harrer et al. 2022). It is also worth noting that for the frequently occurring differ-
ences in effect size metrics, data transformation techniques can be applied.

A separate issue concerns the application of meta-analysis to qualitative data
and to findings from studies conducted using qualitative or mixed methods strate-
gies, as well as challenges related to meta-synthesis - a historically later variant of
meta-analysis proposed specifically for studies using qualitative approaches. There
are established solutions in this area, but these too require careful standardization
of both primary and meta-analytic procedures (Heyvaert, Maes, Onghena 2011;
Hong et al. 2017; Sandelowski, Barroso 2006). Moreover, when facing difficulties
with qualitative data, it is possible to apply the data transformation procedures
mentioned earlier, although such transformations are not without limitations
(Hong et al. 2017).
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I would argue that a fundamental difficulty in recognizing meta-analysis and
systematic review as legitimate research methods may stem from concerns about
epistemic incompatibility between the statistical approach and constructivist or crit-
ical-interpretive paradigms. Meta-analysis is grounded on the assumption that the
observable world can be known through the accumulation of data and the isolation
of effects that demonstrate a higher degree of objectifiability and generalizability.
Meanwhile, several currents within the social sciences view knowledge as situated,
relational, and culturally embedded. The concern mentioned above is justified, if
objectifiability and generalization are understood in terms of extrapolation beyond
the specific context of the group, place, time, and the knowing agent. However, if in-
ference is limited to sets of behaviors or phenomena within very precisely defined
populations, for instance, a specifically and locally situated group of people, or even
a single individual, then the replication framework and the observation of distribution
patterns remain fully applicable. This is because they refer strictly to a population of
phenomena or behaviors identified with that particular group, place, context, or ob-
servational agent. That said, context cannot be treated vaguely, generally, or as merely
residual (i.e., everything else that is unspecified but important). A deliberate effort
must be made to specify the context. If that is done, then it becomes fully legitimate
to invoke the ceteris paribus principle and to assert that the knowledge produced is
arepresentation, an idealization of the observed phenomenon - which should be sub-
ject to essential correction based on subsequent observations, in order to improve the
representation of what is observed. Such an approach to reducing the risk of epistem-
ic incompatibility can support a greater willingness to use meta-analysis justified by
the need to improve the quality of reasoning and, ultimately, the quality of theoretical
models of the phenomena being studied. But this effort alone may not be enough.

Conclusion

Meta-analysis has gained a wide base of users and supporters, although - as pre-
viously mentioned - it is neither a universal nor infallible solution. However, when
applied consciously, it brings invaluable benefits, many of which have already been
discussed. Numerous applications of this method in research on education, learn-
ing, and schooling can be found within the evidence-based approach (Hattie 2008).
Yet, compelling examples of its effective use, especially relevant to the educational
research community, also include studies on creativity and its development (Gajda,
Karwowski, Beghetto 2017; Wisniewska, Karwowski 2007), the accuracy of student
self-assessment scoring (Ledn, Panadero, Garcia-Martinez 2023), the effectiveness of
the Montessori method (Ledn, Lipnevich, Garrido 2025), and Technological Pedagog-
ical Content Knowledge (TPACK) (Leo6n et al. 2025). The latter perfectly illustrates
the value of meta-analysis in the process of evaluating the model of an educational
phenomenon and the enormous importance of the methodological awareness of the
meta-analyst, which ensures the procedural and result quality of this method.
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Notwithstanding, in some academic circles this method is still not widely adopt-
ed - a situation that may seem surprising, especially in the field of education, where
the demand for evidence-based education and for theories that support the design,
prediction, and explanation of educational phenomena is driven not only by scientific
interest, but also by practical needs.

It is possible to improve the readiness of the educational research community
to both passively and actively use meta-analysis and systematic reviews in the pro-
cess of building and developing scientific theories. Strengthening this readiness is
especially important due to the fundamental characteristics of scientific theories
highlighted in the introduction (at least coherence and non-contradiction) as well
as the fact that these criteria are not always reflected in current practices in the
social sciences, including education. Too often, theories in these fields are treated
as collections of free statements freely assembled. To enhance this readiness, it
is essential to reshape course programs and training by introducing courses that
equip researchers with statistical literacy and competence in digital tools such as
R and Python, particularly their use in data analysis and visualization. Equally im-
portantis philosophical preparation, especially in epistemology, which can provide
a broader understanding of the possibilities and limitations associated with dif-
ferent epistemic approaches. Additionally, logical training is key, since conducting
a systematic review or meta-analysis requires precise reasoning, both in using the
methods themselves and in interpreting the results they produce. In other words,
meta-analysis and systematic literature review are technological solutions meant
to support the intellectual efforts of the knowing subject. But the conditions under
which this intellectual work takes place are equally important. Without fostering
an academic culture of collaboration, characterized by task delegation, mutual re-
view, data sharing, and a commitment to transparency, the effectiveness of such
intellectual activity may remain unsatisfactory. Relying on meta-analysis as a tool
does not imply the dominance of the statistical approach in the development of em-
pirical theories concerning complex phenomena such as education. This is clearly
demonstrated by the experiences and achievements associated with meta-synthe-
sis. Meta-analysis can serve as a foundation for transparency, comparability, and
epistemic collaboration in the development of theories in educational sciences, but
only if it is recognized within the pluralistic methodological landscape of these dis-
ciplines (which, unfortunately, are often “locally governed”) as a relevant, non-ac-
cidental, and indispensable method.
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