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Abstract

Cross-level inference errors constitute a specific source of misleading scientific interpreta-
tion. They arise when the meaning assigned to a finding is transferred from one level of
analysis to another without sufficient methodological justification. The conceptual aim of
this article is to explain how a formally valid statistical association may become misleading
when its interpretation or communication goes beyond the level at which the data were
collected and the association was estimated. The practical aim is to propose a procedure
for checking level alignment. The article is conceptual and review-based in nature. It
relies on a purposive, problem-oriented synthesis of literature from research methodology,
social epidemiology, multilevel analysis, selection bias, spin and exaggeration in scientific
communication, and misinformation in and about science. Its contribution consists of
linking the classical methodological problem of ecological and atomistic fallacies with the
communicative processes through which scientific findings are reformulated in abstracts,
press releases, media reports, and secondary summaries. On this basis, the article proposes
a model of alternative pathways leading from a statistical association specific to a given
level to a public claim, distinguishing a level-aligned pathway from a pathway leading to a
Level-Misaligned Public Claim. The article also introduces the Inference-Level Alignment
Procedure as a procedure for checking the alignment between the level of inference and the
level of communication. This procedure includes two diagnostic checkpoints: alignment
between analysis and inference, and alignment between inference and communication. The
article argues that responsible scientific interpretation and communication require not only
fact-checking, but also checking whether the level of analysis, the level of inference, and
the level of communication or recommendation remain aligned.

Keywords: cross-level inference errors; ecological fallacy; atomistic fallacy; multilevel
analysis; level alignment; scientific interpretation; scientific communication; misinformation
in science

1. Introduction

Research integrity requires that data, results, and conclusions be developed and
communicated in an honest, responsible manner and in accordance with the principles
of good research practice (ALLEA, 2023). The integrity of scientific knowledge is also
grounded in values such as objectivity, honesty, openness, accountability, and stewardship
of the reliability of the scholarly record (National Academies of Sciences, Engineering, and
Medicine, 2017). As Bornmann and Mutz (2015) note, contemporary science is characterized
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by a long-term increase in the number of publications and cited references, a process
that can be analyzed bibliometrically. Fortunato et al. (2018), in turn, emphasize that
the growing availability of digital data on publications, citations, funding, productivity,
and research collaboration makes it possible to study science as a complex and dynamic
network of scholars, institutions, ideas, and publications. These changes increase the
possibilities for scrutiny and reuse of findings, but they also create more points at which
results may be simplified, decontextualized, and communicated beyond their original
methodological boundaries.

Scientific results now function in an environment shaped by open science, digital
media, and the accelerated dissemination of research findings. Open science is commonly
associated with transparent and accessible knowledge that is shared and developed within
networks of collaboration, as emphasized by Vicente-Saez and Martinez-Fuentes (2018).
Fecher and Friesike (2014) similarly indicate that open science should not be treated as a
single coherent definition, but rather as a set of different orientations, including infrastruc-
tural, public, measurement, democratic, and pragmatic approaches. In this broader context,
Nosek et al. (2015) and Munafo et al. (2017) argued that transparency and reproducibility
are of fundamental importance for strengthening the integrity and credibility of science,
although they emphasized different aspects of this process: the former focused more on sup-
porting an open research culture, whereas the latter stressed reforms of research practices,
procedures, and evaluation systems.

As noted above, progress in this area increases access to publications, data, and
research procedures, and creates new opportunities for scrutinizing and reusing findings.
At the same time, the rapid movement of findings through digital media, institutional
communication, and secondary summaries may detach them from the methodological
context in which they were produced. This tension between the epistemic benefits of
openness and the interpretive risks of rapid decontextualization forms the background of
the problem analyzed in this article.

Against this background, the central problem addressed in the article is misleading
scientific interpretation, which should be clearly distinguished from intentional misin-
formation. The article focuses on situations in which valid data or correctly estimated
associations are interpreted at a level that they cannot justify. Such distortions may later
contribute to misinformation in and about science, but their direct source is not an intention
to mislead. Rather, it is the loss of alignment between the level of evidence, the level of
inference, and the level of communication or recommendation. This problem becomes
particularly important because scientific findings are often encountered through indirect
and simplified representations rather than through direct reading of the source articles.
Scheufele and Krause (2019) discuss science audiences in the context of misinformation,
fake news, motivated reasoning, and science literacy. West and Bergstrom (2021) empha-
sized that misleading scientific claims may arise not only from false data, but also from the
ways in which data are presented, compared, and interpreted. Cacciatore (2021) similarly
indicated that scientific and health misinformation may be amplified by imprecise defi-
nitions, selective framing, simplifications, and forms of communication that obscure the
status of the information being conveyed. Lazer et al. (2018) placed these problems within
a broader information ecosystem in which digital platforms, the weakening of institutional
gatekeeping, and algorithmic distribution facilitate the spread of misleading content.

It is precisely in this context that the role of cross-level inference errors in the interpre-
tation of scientific findings becomes especially important. The essence of these errors is
that a claim formulated at one level of analysis is shifted to another level of reality, most
often from aggregate data to the individual level, or in the opposite direction. Classical
methodological literature, including Robinson (1950) and Piantadosi et al. (1988), has long
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warned that associations observed at one level of data cannot be automatically transferred
to another level of inference.

Classical discussions of ecological inference provide model examples of this mech-
anism, because associations estimated at the collective level were interpreted as if they
directly described individuals. Importantly, scientific distortion may arise even when the
source data have not been falsified, if the interpretation assigned to them exceeds what the
evidence can legitimately justify. The significance of this problem extends far beyond a
narrow research area, because methodological, epidemiological, organizational, and com-
munication studies show that similar level shifts occur in many fields of inquiry, including
studies of suicide, nutrition, drug policy, quality of health care, and organizational indicators.

The existing literature indicates that research to date has developed across several
relatively distinct strands: classical ecological inference and multilevel analysis, errors in
causal identification, studies of spin and exaggeration, and research on misinformation
in and about science. These strands provide important findings, but they have rarely
been integrated into a single explanatory framework showing how a statistically valid
association may become scientifically misleading when it is interpreted at a level that
the evidence does not justify. It is therefore useful at the outset to cite several examples
of works that deepen these research strands. For example, Achen and Shively (1995)
treated cross-level inference as a demanding methodological problem that requires strong
substantive knowledge and cannot be solved by a single universal statistical procedure.
King (1997) developed a statistical approach to ecological inference aimed at reconstructing
individual behavior from aggregate data. Idrovo (2011), in turn, proposed useful criteria for
identifying ecological fallacy, while O’Keefe (2024) formulated the principle of alignment
between the levels of claims and evidence. These contributions are directly relevant
to the present article because they show that the problem of moving between levels of
analysis has been recognized and addressed in the methodological literature. However,
they remain primarily statistical, methodological, or diagnostic in orientation, and do not
analyze how an association specific to a given level is subsequently transformed within the
communication chain, nor do they treat inference-level alignment as a practical problem of
scientific interpretation and communication.

The aim of this article is therefore to reconstruct cross-level inference errors as a
methodological and communicative problem of scientific interpretation and to propose
a procedure for checking level alignment. The article analyzes how alignment may be
lost among four analytically distinct elements: the data level, the level of the estimated
association, the inference level, understood here as the claim level, and the communication
or recommendation level. This loss of alignment may occur when research findings are
reformulated in abstracts, press releases, media reports, and secondary summaries. The
author’s intention is to show how ecological and atomistic fallacies, both well established in
the methodological literature, may participate in the transformation of valid, level-specific
associations into a communication distorted by cross-level errors. On this basis, the article
develops a procedure for checking whether the level of analysis, the level of inference
(claim), and the level of communication or recommendation remain aligned.

The article is conceptual and review-based in nature. It relies on a purposive, problem-
oriented synthesis of literature selected for its relevance to the relationship between the
level of data, the estimated association, interpretation, and secondary communication.
The review combines classical methodological sources on ecological fallacy, atomistic
fallacy, ecological inference, and multilevel reasoning with epidemiological and social
research that explains distinctions among individual-level, group-level, contextual, and
mixed associations.
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/ Problem input

To reduce the risk of confirmation bias, the review includes both ecological and atom-
istic directions of cross-level error and distinguishes them from related but non-identical
problems, such as selection bias, collider bias, overadjustment, causal overinterpretation,
spin, and exaggeration. The proposed approach should therefore be understood as a heuris-
tic and integrative model that organizes the relationship between the level of inference and
scientific interpretation in claims and recommendations. The research procedure adopted
in the article is presented schematically in Figure 1.

/ Analytical operation / Article outputs \

Literature selection

purposive, problem-driven,
non-systematic synthesis

Problem reconstruction Output1
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Pathway model distinguishing cross-level distortion
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public communication. review or empirical validation . pressrelease, and media coverage
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Figure 1. Analytical framework used in the article. Source: Author’s own elaboration.

According to the structure adopted in the article, the next two sections discuss the
emergence of cross-level inference errors and their methodological and communicative
conditions. The article then presents a pathway model showing how a statistical association
specific to a given level may be transformed into either a level-aligned public claim or a level-
misaligned public claim. The final section develops a procedure for checking the alignment
between the level of inference and the level of communication, aimed at determining
whether the level of analysis, the level of inference, and the level of communication or
recommendation remain aligned.

2. Cross-Level Inference Errors and Their Place in Research Methodology

The literature on cross-level inference errors and related inferential and communicative
distortions uses diverse terminology. In this article, cross-level inference errors are understood
as distortions that arise when the data level, the level of the estimated association, the
inference (claim) level, and the communication or recommendation level cease to be aligned.
This approach refers to Robinson’s (1950) classical distinction between ecological and
individual correlations, as well as to later epidemiological warnings against ecological
fallacy formulated by Piantadosi et al. (1988). In the present article, this logic is extended
to the interpretation and communication of scientific findings. A classical form of such
an error is ecological fallacy, in which associations at the group level are interpreted as if
they described individuals. The literature has also emphasized the opposite direction of
error: atomistic or individualistic fallacy, which consists of the unjustified generalization
of individual-level associations to groups, institutions, or populations. Subramanian et al.
(2009) particularly clearly stress the bidirectionality of this problem, whereas Oakes (2009)
places ecological, individualistic, and multilevel fallacies within the broader discussion of
multilevel thinking.

These errors should be distinguished from related inferential distortions that affect the
construction or identification of the association itself. Selection bias is understood here as
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a distortion introduced when the process by which observations are selected affects the
estimated association. Hernan et al. (2004) approach this problem structurally, pointing to
the logic of conditioning on a common effect, whereas Elwert and Winship (2014) develop
this perspective in their analysis of endogenous selection bias and conditioning on a collider.
Conditioning on a collider occurs when an analysis is conditional on a variable that is
affected by two other variables, which may create or strengthen a spurious association; this
mechanism is illustrated by Cole et al. (2010). Overadjustment bias refers to a situation in
which statistical adjustment blocks or removes part of a relationship that should not be
adjusted away; Schisterman et al. (2009) describe this problem as overadjustment bias and
distinguish it from unnecessary adjustment. These problems may co-occur with cross-level
inference errors, but they are not identical with them. They concern primarily whether an
association has been appropriately estimated or identified, whereas cross-level inference
errors concern whether an association estimated at one level is interpreted as if it referred
to another level of reality.

A further distinction concerns communicative distortions. Spin is understood here as
reporting practices that make results appear stronger, more favorable, or more conclusive
than the empirical material warrants. Boutron et al. (2010) demonstrated this problem
in randomized controlled trials with statistically non-significant results for the primary
outcome, whereas Yavchitz et al. (2012) analyzed spin in abstract conclusions and press
releases. Boutron et al. (2014), in turn, showed that spin in abstracts may influence
how readers interpret results. Exaggeration refers to the amplification of claims, causal
implications, or recommendations beyond the evidential basis of a study. Sumner et al.
(2014) demonstrated a strong association between exaggeration in press releases and
exaggeration in health news, whereas Sumner et al. (2016) showed that adding caveats
does not necessarily reduce the media appeal of a message. Bratton et al. (2019) partially
replicated earlier findings on the association between exaggeration in press releases and
exaggeration in media reports, confirming it especially with respect to causal claims. The
term “secondary simplification” is used here in a more descriptive sense and refers to the
later compression of research findings in abstracts, press releases, news articles, headlines,
or social media summaries. Haneef et al. (2015) showed that health news may contain
interpretations that go beyond the cautious scope of the source articles, although they do
not determine unequivocally at which stage of circulation the distortion arises. Bossema
etal. (2019), in turn, indicated that the presence of an expert quote may reduce the risk of
exaggeration, although such cases are rare. These communicative processes may amplify
cross-level inference errors, but they are not identical to them.

The multilevel perspective emerged as an important development of cross-level think-
ing. Diez-Roux (1998) argued that the analysis of health outcomes should not be limited
to individual characteristics, because group-level, macro-level, and contextual variables
may also shape individual health and disease. Greenland (2002) indicated that the central
problem of multilevel analysis lies in the inseparability of individual and contextual effects;
accordingly, its function is not limited to parameter estimation, but also includes the proper
ordering of relationships between levels of analysis.

Research on multilevel analysis and contextual effects has shown that cross-level
errors cannot be reduced solely to the classical ecological fallacy. They include a broader
set of problems related to the relationship between individuals, contexts, and the way
these relationships are modeled. Blakely and Woodward (2000) noted that estimating
ecological effects in multilevel studies is subject to numerous methodological threats, such
as confounding operating at different levels of analysis, misclassification of individuals,
and model misspecification relative to the structure of the data. Pickett and Pearl (2001), in
turn, showed that features of the local residential context may be empirically associated
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with health outcomes, although these associations are often modest and cannot be reduced
solely to individual characteristics. This strengthens the argument for systematically
incorporating the contextual level into analysis. Merlo et al. (2009, 2012) emphasized that
general contextual effects, measured through variance and clustering, should be considered
when interpreting specific contextual effects and small-area variation; otherwise, analyses
may provide a misleading picture and overstate the role of administratively defined areas
as contextual determinants of individual differences in health or mortality. From this
perspective, cross-level error appears not so much as a variant of the classical ecological
fallacy, but rather as part of a broader family of inferential errors and multilevel distortions
concerning the relationship between the level of observation, the level of the model, and
the level of interpretation.

The opposite direction of cross-level error is equally important. Subramanian et al.
(2009) emphasized that the atomistic, or individualistic, fallacy is no less consequential than
the ecological fallacy, because individual-level associations may be unjustifiably generalized
to groups and populations. Oakes (2009), in turn, noted that alongside ecological fallacies,
individualistic fallacies and problems specific to multilevel analysis must also be considered.
Related errors, such as selection bias, conditioning on colliders, and overadjustment bias,
should also be added to this picture. Herndn et al. (2004), and subsequently Elwert and
Winship (2014), showed that associations may be distorted not only by an inappropriate
level of inference, but also by mechanisms of selection and conditioning embedded in the
analysis itself. Contemporary methodological reflection therefore requires attention both to
the level of analysis and to the causal structure of the data.

Methodology alone, however, does not yet explain how an inferential error becomes
a communicative distortion in scientific interpretation. At this point, the literature on
scientific communication becomes particularly important. It often shows that distortion of
the meaning of a finding may arise at different stages of its secondary circulation, although
individual studies document different links in this process. Yavchitz et al. (2012) focused
primarily on spin in the reporting of therapeutic studies, emphasizing the importance of
how conclusions are framed and their susceptibility to later overinterpretation. Sumner
et al. (2014), in turn, showed that exaggeration in health news was strongly associated with
earlier exaggeration in press releases, whereas a later study by the same authors found that
including caveats did not reduce the media appeal of the message (Sumner et al., 2016).
Haber et al. (2022) empirically demonstrated that causal language or causal implications
may appear even in scientific texts that explicitly adopt associational caution. Han and
Guyatt (2020) had earlier framed this problem as the subject of a systematic assessment
of the use of causal language in systematic reviews of observational studies. Haneef
et al. (2015) also provide evidence that interpretive distortions may occur in health news,
although these authors explicitly note uncertainty as to the stage of the communication
chain at which such distortion arises. Bossema et al. (2019), in turn, show that the presence
of an expert quote is associated with a lower risk of exaggeration, although they emphasize
that such cases are rare. Taken together, these studies suggest that distortions in scientific
communication do not arise only in popular media, but may already appear at earlier
stages in the translation of research findings into communicative forms, especially in press
releases and other intermediate representations of research.

3. Methodological Foundations of Cross-Level Inference Errors
3.1. From Ecological Correlation to the Problem of Inference Level

Cross-level inference errors belong to those methodological distortions that may par-
ticularly easily remain unnoticed, because they do not necessarily result from an incorrect
estimation of a statistical association, but rather from an unjustified shift in the level at
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which meaning is assigned to that association. In such cases, the association itself may be
correctly estimated, yet its interpretation exceeds the boundaries set by the structure of
the data. As Oakes (2009) argued in his commentary, the problem cannot be reduced to
the mechanical use of multilevel statistical techniques, but concerns broader multilevel
reasoning about individuals, contexts, and levels of explanation.

In this sense, the point of departure remains Robinson’s (1950) work, discussed above,
which showed that ecological correlations and individual correlations are not identical
because they describe different statistical objects. This distinction alone leads to the basic
conclusion that one cannot assume that an association observed between aggregates reflects
an association operating among the individuals who make up those aggregates. Robinson
also demonstrated that the relationship between ecological correlation and individual
correlation depends on within-group and between-group variability, which means that
levels of analysis are not interchangeable.

Epidemiology further clarified this problem. Piantadosi et al. (1988) emphasized
that ecological studies may be useful for population-level analyses, but that moving from
group-level observations to etiological or behavioral claims entails a high risk of ecological
fallacy. Wakefield (2009) added that ecological data alone cannot be regarded as sufficient to
determine whether—and to what extent—ecological bias is present in a given dataset. Von
Korff et al. (1992), cited by Diez-Roux (1998), argued in turn that epidemiological studies of
chronic disease should include multiple levels of determination, including both micro-level
and macro-level factors. From this perspective, the analysis of health phenomena requires
attention to both individual characteristics and contextual properties, because only such an
approach makes it possible to explain how individual and group-level factors jointly shape
the phenomenon under study.

Idrovo (2011) proposed a useful attempt to operationalize the identification of ecologi-
cal fallacy. He argued that ecological fallacy should not be assumed simply because a study
uses ecological or population data rather than individual data. In this context, ecological
data mean data in which the units of observation are collectives, such as countries, regions,
municipalities, schools, hospitals, organizations, or other population aggregates, rather
than individual persons. Variables describing such collective units may take the form of
indicators, proportions, percentages, means, indices, or contextual characteristics of the
collective unit. According to Idrovo, three conditions must be met in order to confirm the
occurrence of ecological fallacy: the results must be based on ecological data, those results
must be referred to individuals, and individual-level data must lead to contradictory results.

3.2. Multilevel Analysis, Contextual Effects, and Between- and Within-Group Relationships

One of the most important stages in the development of this debate was the transition
from the critique of ecological fallacy to the positive program of multilevel analysis. Diez-
Roux (1998) argued that the analysis of social and health phenomena cannot be limited to
individual characteristics, because many important determinants are contextual in nature.
This argument did not simply privilege the group level; rather, it showed that macrosocial,
environmental, and institutional variables should be included in analysis precisely in order
to avoid individualistic reductionism. A similar line of reasoning can be found in Greenland
(2000, 2001, 2002), who supported the need to distinguish levels by showing that sources of
bias at the individual and ecological levels are not identical, and that even studies designed
to estimate contextual effects are not free from pitfalls related to aggregation and strong
modeling assumptions.

In a similar vein, Blakely and Woodward (2000) argued that multilevel studies aiming
to describe ecological effects must continuously distinguish compositional from contextual
influences and must also control for numerous sources of error related to the construction
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of units of analysis and model specification. Pickett and Pearl (2001), in their critical review
of studies on neighborhood effects on health, likewise showed that many studies report
significant effects of local environments, while at the same time facing serious interpretive
difficulties concerning the choice of contextual unit, the measurement of area-level variables,
and the distinction between contextual and compositional effects.

This perspective was subsequently developed in more specialized areas. Diez-Roux
and Aiello (2005) discussed the foundations of multilevel analysis in infectious-disease
research, emphasizing that individual-level and group-level factors should be examined
simultaneously, especially when group-level conditions, social norms, and individual
behaviors jointly shape disease transmission. Merlo et al. (2003) analyzed the influence of
neighborhood social participation on individual medication use, attempting to separate
contextual and individual influences. Merlo et al. (2012) went further, showing that in
small-area analyses it is not enough merely to capture geographical variation. Equally
important is the question of what proportion of total variability is actually located at the
area level, that is, the macro level, and what proportion is located at the household or
individual level, that is, the micro level.

It is therefore no coincidence that Subramanian et al. (2009) reminded readers that the
risk is bidirectional. Alongside ecological fallacy, there is also the atomistic fallacy, also
referred to as the individualistic fallacy, which consists of the unjustified generalization
of individual-level associations to populations and institutions. In practice, this means
that “between” and “within” relationships are not merely technical variants of a single
association, but distinct dimensions in the description of a phenomenon.

In a similar spirit, Etminan et al. (2020) and Tennant et al. (2021) show that explicit
causal diagrams can support variable selection and clarify the assumptions underlying
model specification and interpretation. This strengthens the broader thesis that cross-level
inference errors should be analyzed not only as statistical errors, but also as failures to align
the research question, data structure, model specification, and permissible interpretation.

3.3. Related Errors: Selection, Colliders, and Inferential Paradoxes

Although cross-level inference errors are the main subject of this article, it is useful to
place them within the broader landscape of errors in causal identification, while maintaining
clear conceptual boundaries. Cross-level error primarily concerns a misalignment between
the data level, the level of the estimated association, and the level at which the result is
interpreted. The psychologistic and sociologistic fallacies mentioned above are not treated
here as basic forms of cross-level inference error, because they concern an inadequate type
of causal explanation rather than the direct transfer of an estimated association between
levels of inference. Selection bias, collider bias, and overadjustment bias should also be
considered, but they have a different methodological status. They distort the estimation
or identification of an association already at the stage of sample construction, selection
of observations, or model specification. These problems may co-occur with cross-level
errors and may even facilitate their emergence, but they are not identical with them. In
other words, selection bias and collider bias primarily concern whether an association has
been correctly estimated or identified under conditions of selection or conditioning on
an inappropriate variable, whereas overadjustment bias usually refers to adjusting for a
variable located on the causal pathway between exposure and outcome. Cross-level error,
by contrast, concerns whether an association estimated at one level has been interpreted
as if it referred to another level of reality. Herndn et al. (2004) proposed an influential
structural account according to which different forms of selection bias can be reduced to
the common logic of conditioning on a common effect. In a similar direction, Elwert and
Winship (2014) used causal graphs to show that endogenous selection bias may arise when
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an analysis conditions on a variable affected by causes associated with both the exposure
and the outcome. Their argument is important for the present discussion because it shows
that some distortions may arise not only when findings are interpreted, but already when
the sample is constructed, observations are selected, inclusion criteria are defined, or the
analytical model is specified.

Other errors are connected with this problem as well. Cole et al. (2010) showed how
conditioning on a collider may generate spurious associations. Schisterman et al. (2009)
described overadjustment bias, showing that excessive adjustment may distort an effect
instead of clarifying it, while also distinguishing this problem from unnecessary adjustment.
Westreich and Greenland (2013), in turn, drew attention to the so-called Table 2 fallacy, that
is, the unjustified attribution of causal meaning to coefficients for variables included
in a model only as control variables. Rohrer (2018) emphasized that statistical control
requires an explicit causal rationale, because controlling for third variables without proper
justification—especially under the assumption that ‘more control’ is always better—may
worsen rather than improve causal inference.

Methodological literature also shows that similar difficulties arise in classical pseudo-
paradoxes of inference. Berkson (1946) drew attention to the limitations of hospital data
analysis, thereby laying the foundations for what later became known as Berkson’s bias.
Simpson (1951) described the phenomenon of stratification effects, later misleadingly
referred to as Simpson’s paradox, consisting in a discrepancy between conditional and
marginal interpretations of data, which may sometimes lead to a reversal in the direction
of an association. Lord (1967), in turn, formulated the paradox of group comparisons,
showing that two analytically correct procedures may lead to apparently contradictory
conclusions. Later analyses, especially Holland and Rubin (1982) and Pearl (2016), showed
that resolving Lord’s paradox requires a clear specification of the causal question, not
merely a mechanical choice of statistical procedure. Arah (2008) argued that Simpson’s
paradox, Lord’s paradox, and suppression effects reveal the perils of relying on statistical
criteria to guide causal analysis. In his view, these phenomena are best understood as
problems of covariate selection and adjustment in the causal analysis of non-experimental
data, and their explanation requires causal reasoning based on background knowledge
rather than statistical criteria alone. Wang et al. (2018), in turn, use simple examples to show
that Simpson’s paradox is not a marginal peculiarity, but a real source of misinterpretation
of conditional and marginal data.

Statistical paradoxes obviously have a different methodological status than cross-level
errors, but they are important because they help clarify the place of cross-level errors within
the broader landscape of inferential distortions. Selection bias, Berkson'’s bias, Simpson’s
paradox, and Lord’s paradox primarily concern the deformation of the association itself
through the selection of observations, conditioning, or inappropriate adjustment. Cross-
level error, by contrast, concerns the breakdown of alignment between the data level and
the inference level. In practice, however, these two classes of distortion may combine.
Aggregate data may be affected by selection bias and then further overinterpreted through
a shift from the group level to the individual level. In such a configuration, the resulting
public communication becomes doubly flawed.

In the context of the publication-related distortions discussed here, it is useful to distin-
guish three layers of distortion. The first includes errors in the construction of associations
and in causal identification, such as selection bias, conditioning on colliders, overadjust-
ment bias, and inferential paradoxes. The second includes inference-level errors, in which
alignment between the data level and the inference level breaks down, with ecological
fallacy and atomistic fallacy as classical examples. The third includes communicative
distortions, such as spin, exaggeration, and secondary simplification occurring in abstracts,
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press releases, and media reports. These layers are not identical, but they may co-occur and
mutually reinforce one another. The order of these layers is analytical and corresponds to
the transition from the construction of a finding to its interpretation and communication.

3.4. From Methodological Error to Communicative Distortion

Cross-level error does not remain only a methodological problem; it may be amplified
in scientific communication. The literature on spin, exaggeration, and misinformation
does not describe cross-level errors as a distinct class of communicative distortions, but
it provides grounds for the hypothesis that a shift in the level of inference may become
stabilized or amplified when research findings circulate in abstracts, press releases, leads,
and secondary summaries. To the positions already discussed in the introduction, including
Lazer et al. (2018), Scheufele and Krause (2019), and Cacciatore (2021), which identify
sources of contemporary communicative erosion, one more warning should be added. Ata
more general level, Lewandowsky et al. (2012) formulated such a warning by showing that
misinformation not only spreads widely in the contemporary media environment, but also
continues to exert cognitive influence even after formal correction.

Metascientific literature also devotes considerable attention to the fallibility of the
publication and interpretation process itself. Ioannidis (2005) indicated that several fea-
tures of scientific studies may increase the probability that published findings are false
or exaggerated, especially in heavily explored fields in which designs are small, flexible,
and susceptible to various forms of selection. Anglemyer et al. (2014) found that, on
average, effect estimates from observational studies and randomized trials differed little in
the methodological reviews they examined, while also emphasizing the need to consider
study design features, risk of bias, and effect-size interpretation. The updated review by
Toews et al. (2024) further supports a cautious, methodologically nuanced comparison
between observational and randomized evidence. Their analyses take into account, among
other factors, heterogeneity, review quality, and methods of evidence synthesis. From the
perspective of the present article, this supports the cautious conclusion that the formal
correctness of a research design does not in itself eliminate the later risk of interpretive
overreach in scientific communication.

Studies on spin and communicative exaggeration deserve particular attention. Yav-
chitz et al. (2012) showed that the presentation of results in abstract conclusions and press
releases may facilitate later overinterpretation. Boutron et al. (2010) demonstrated that even
in randomized controlled trials in which the primary outcome is statistically non-significant,
results are sometimes presented in a way that suggests the effectiveness of the intervention.
In another study, the same authors also showed that spin in abstracts may influence how
readers interpret the communicated content (Boutron et al., 2014). Sumner et al. (2014)
found a strong association between exaggeration in press releases and exaggeration in
health news, while Sumner et al. (2016) found no evidence that adding caveats reduced
the media appeal of a message. These findings suggest that a substantial part of distortion
may arise already at the stage of preparing the press release, rather than only in the media
report itself.

More recent analyses support this line of interpretation. Bossema et al. (2019) showed
that the presence of an expert quote in a press item may reduce the risk of exaggeration,
although the authors noted that such cases are rare. Bratton et al. (2019) partially replicated
earlier findings concerning the association between exaggeration in press releases and
exaggeration in media reports, confirming it for causal claims but not for exaggeration
in advice. Haneef et al. (2015) observed that health news often contains interpretations
that go beyond the cautious scope of the source articles, although the authors themselves
did not determine unequivocally at which stage of circulation the distortion arises. Haber

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41

11 of 26

et al. (2022), Han et al. (2022), and Olarte Parra et al. (2021) showed that in observational
studies and systematic reviews, causal language may be inconsistent with the scope, aim,
or intention of inference, which may blur the boundary between associational and causal
reasoning. Olarte Parra et al. (2021), in particular, examined the consistency of causal
claims in abstracts of observational studies and pointed to the need for clearer guidance
on formulating and justifying such claims. This problem had previously been formulated
as the subject of systematic assessment in the protocol by Han and Guyatt (2020). Similar
problems of inconsistency between study aim, method, research intention, and interpretive
language were noted by Gleadhill et al. (2023) in an analysis of observational studies on
low back pain and osteoarthritis.

An open question remains how these errors resonate in the broader media environ-
ment and on online platforms. Del Vicario et al. (2016) showed that misinformation spreads
online according to its own network dynamics, closely linked to polarization and confir-
mation bias. Pennycook and Rand (2021) showed that poor truth discernment in relation
to false or misleading news is associated less with politics alone than with lack of careful
reasoning, relevant knowledge, and reliance on heuristics such as familiarity. They also
emphasized a disconnect between what people believe and what they share on social
media, with sharing often driven by inattention rather than by deliberate misinformation.
Pennycook and Rand (2019), in turn, demonstrated the usefulness of crowdsourced rat-
ings of information-source quality as a potential tool for counteracting misinformation.
Broader reviews, such as those by Aimeur et al. (2023), Cacciatore (2021), and, from a public
health perspective, Swire-Thompson and Lazer (2020) as well as Garett and Young (2021),
show that scientific and health misinformation now operates within a complex media
environment in which platform architecture, communicative simplifications, and modes
of knowledge mediation facilitate the spread of epistemically problematic content. As a
result, this environment may facilitate communicative transformations in which a finding
obtained at the aggregate level is secondarily read as the basis for conclusions formulated
at the individual level.

In this context, open science has an ambivalent status. It increases accessibility and
the possibility of independent scrutiny of findings, but at the same time facilitates their
secondary use outside the original methodological context. Vicente-Sdez and Martinez-
Fuentes (2018) define open science as transparent and accessible knowledge shared and
developed through collaborative networks, while Fecher and Friesike (2014) describe open
science as a set of distinct schools of thought rather than a single unified concept. In the
argument developed here, however, increased accessibility also creates additional points at
which findings may be reused outside their original methodological context, simplified,
or incorporated into secondary circuits of communication. Limiting misleading scientific
interpretation therefore does not require limiting openness, but rather developing more
precise standards for interpreting and communicating findings at the appropriate level
of inference.

3.5. Classical and Methodological References to Cross-Level Inference Errors

In classical sociology, one of the most frequently cited cases remains Durkheim’s
interpretation of the relationship between the religious structure of a population and
variation in suicide rates. The contemporary significance of this example does not lie in a
simple refutation of Durkheim’s (1897/1951) hypothesis, but in its role as a methodological
reminder: an association observed between regions cannot be automatically equated with
a mechanism operating at the individual level. Freedman (1999) treated Durkheim’s case
as a classical warning for research based on aggregate data, while van Poppel and Day
(1996) attempted to test Durkheim’s religion-suicide hypothesis using Dutch data in a way
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that avoided the ecological fallacy. Their analysis suggested that the Catholic-Protestant
difference in suicide rates could be explained by differences in the classification of deaths
rather than by the individual-level mechanism inferred from aggregate data. This example
clearly illustrates that the dispute over interpretation concerns not only the strength of the
association, but above all the level at which it may be legitimately explained.

This problem is not limited to classical sociology. Mossholder and Bedeian (1983)
showed that cross-level inference in organizational research involves the risk of fallacious
reasoning whenever conclusions are transferred between units of analysis, and that such
transfers require a sound theoretical rationale, especially when individual measures are
used as surrogates for macro-level constructs. Qian and Shen (2007), discussing ecological
applications of multilevel analysis of variance, illustrated how multilevel variance decom-
position can be used to organize variation across levels of ecological data. In both cases, the
core of the problem remains the same: the risk arises when the transition from estimation
to interpretation blurs the boundaries between the level of observation and the level of
meaning assigned to the result.

A similar concern appears in political science. Sprinz (2000) discussed cross-level in-
ference in political science as a problem of relating findings across levels of aggregation and
reconstructing individual-level relationships when only aggregate data are available. His
examples concerning electoral aggregation and climate negotiations show that aggregation
rules may distort relationships among individual preferences, collective outcomes, and
institutional decisions. This supports the broader claim that cross-level errors are not lim-
ited to ecological health studies, but concern the movement of inference and interpretation
across levels of analysis in different fields of research.

A particularly important contemporary treatment of this problem can be found in com-
munication research. O’Keefe (2024) argues that claims about messages require analyses
conducted at the message level, and that individual-level correlations by themselves cannot
justify message-level claims. His examples show that even a strong positive association
between two variables measured at the individual level does not justify the conclusion that
messages differing in one of these properties will also differ in the other. O’Keefe explicitly
links this reasoning error to the atomistic fallacy and distinguishes it from Simpson’s para-
dox. This argument is important because it highlights the general principle of alignment
between the level of evidence and the level of the claim. At the same time, it is worth
extending this problem toward the preservation of such alignment in the broader process
through which scientific findings are interpreted, reformulated, and translated into public
claims or recommendations.

In contemporary methodological literature, cross-level error is treated as a problem
of inconsistency between the level of observation and the level of inference. Harris et al.
(2015) formulate its basic form by showing that relationships observed at the state level
do not allow inference about relationships at the individual level. Kim (2019) shares this
caution, but at the same time explains that it does not imply the uselessness of ecological
studies, because aggregate data remain epistemically valuable provided that conclusions
are formulated at the same level to which the data refer. Saunders et al. (2016) develop this
position by showing that ecological fallacy is only one of the risks in studies of health-care
organizations, alongside problems of reliable measurement of organizational characteristics
and limited statistical power. Salkeld and Antolin (2020), in turn, provide an empirical
demonstration of the problem, showing that correlations derived from aggregate data
may be spurious and may simultaneously constitute an example of ecological fallacy and
Simpson’s paradox. Taken together, these studies indicate that associations observed at
the aggregate level require cautious interpretation, and that claims about mechanisms
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operating at the individual level or about causal relationships require additional empirical
justification and explanation of mechanism.

Finally, it is worth noting that the literature also includes comments, reanalyses, and
methodological polemics concerning the risk of overinterpreting aggregate correlations
and illegitimately moving between levels of analysis. These works are not discussed
here because the aim of this section is to capture the general mechanism rather than to
reconstruct disputes surrounding particular publications.

Overall, the works of Idrovo (2011), King (1997), Sprinz (2000), O’Keefe (2024), and the
broader literature on ecological and multilevel inference provide important methodological
points of reference. They show that cross-level inference has been addressed as a statistical,
diagnostic, and aggregation-related problem. At the same time, they point to the need for a
complementary perspective focused on what happens after an association specific to a given
level has been estimated. It is therefore worth asking how such an association is interpreted,
reformulated, communicated, and potentially translated into claims or recommendations
referring to another level of analysis. This need justifies studying the alignment of the
level of inference not only within the research design itself, but also at subsequent stages of
scientific interpretation and communication.

For this reason, rather than developing an extensive catalogue of cases, it is more
useful to present a synthetic overview of key studies that organizes different forms of
cross-level errors and related phenomena. Table 1 shows that, although the cited studies
come from different research areas, they share a common methodological concern: the loss
of alignment between the unit of observation, the level of the estimated association, and
the level of the claim or recommendation. At the same time, the table distinguishes the
core literature on cross-level inference errors from related inferential and communicative
distortions. This structure justifies the transition from a catalogue of examples to a more
general model showing how methodologically valid findings may be transformed into a
Level-Misaligned Public Claim.

Table 1. Core literature on cross-level inference errors and related studies used to reconstruct the
transition from an estimated association to a public claim.

Analytical Block

Function in the Article

Key Concept/Problem

Representative Sources

Core: cross-level
inference errors

Defines and organizes
misalignments between the data
level and the inference level

ecological fallacy; atomistic
fallacy; ecological inference;
level of analysis; ecological
inference diagnostics;
aggregation bias; cross-level
inference; claim—evidence
alignment; message-

level claims

Robinson (1950); Piantadosi et al.
(1988); Oakes (2009); Subramanian
et al. (2009); Harris et al. (2015);
Kim (2019); Saunders et al. (2016);
Salkeld and Antolin (2020); Achen
and Shively (1995); King (1997);
Idrovo (2011); Sprinz (2000);
O’Keefe (2024)

Multilevel literature
and contextual effects

Shows that relations across
levels cannot be reduced to the
classical ecological fallacy alone

contextual effects; multilevel
analysis; between/within;
compositional vs.

contextual effects

Diez-Roux (1998); Greenland (2000,
2002); Blakely and Woodward
(2000); Pickett and Pearl (2001);
Merlo et al. (2009, 2012)

Related inferential

Distinguishes level-of-inference
errors from distortions affecting

selection bias; collider bias;
overadjustment; Table 2 fallacy;

Hernén et al. (2004); Elwert and
Winship (2014); Schisterman et al.

distortions estimation or inferential paradoxes (2009); Westreich and Greenland
causal identification p (2013); Arah (2008)
Communicative Shows how a methodologically  spin; exaggeration; causal Yavchitz et al. (2012); Boutron et al.

distortions in the
circulation of science

valid finding may be
transformed into a claim that
exceeds what the data support

overstatement;
misinformation in and
about science

(2010, 2014); Sumner et al. (2014,
2016); Haneef et al. (2015); Bossema
et al. (2019); Haber et al. (2022)

Source: Author’s own elaboration.
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4. The Mechanism of Transition from a Cross-Level Error to
Communicative Distortion

The review of studies on cross-level inference errors reveals an important research
gap. Although many of the works discussed above addressed the problem of distortions in
information or research findings, there is still no account showing the overall mechanism
through which cross-level errors may be translated into published and publicly communi-
cated conclusions. Meanwhile, Swire-Thompson and Lazer (2020) already emphasized that
combating online misinformation requires not only correcting errors, but also strengthening
the understanding of what evidence and uncertainty actually are. Del Vicario et al. (2016),
in turn, showed that simplified content spreads particularly easily in environments that
reinforce belief congruence, which further increases the importance of precisely describing
the level to which a finding refers. Both studies indicate how important it is to explain the
mechanism through which distortions arise. Therefore, the adopted systematization of the
research problem leads to the formulation of the key conceptual proposal of this article:
a simplified framework explaining how cross-level inference errors—both atomistic and
ecological—may transform scientific interpretation by shifting it across levels of data.

The proposed model combines three layers of the problem under consideration. The
first layer is the data level and the construction of the observed association. The second
layer is the key point in the inferential mechanism, at which the observed association is
interpreted correctly or incorrectly. The third layer is the public claim, whose reliability
depends on whether the meaning assigned to the finding remains aligned with the level at
which the association was estimated. The problem, therefore, does not concern only the
truth or falsity of the data, but rather the alignment between the data level, the level of the
estimated association, the inference (claim) level, and the communication or recommenda-
tion level. A framework showing how cross-level inference distortions arise should also
take into account the related errors discussed above, as well as communicative distortions.
Moreover, it should show how these phenomena may interact when a research finding is
transformed into a public claim that exceeds the limits of permissible interpretation.

The first element of the framework is the identification of the original data level, that
is, the level from which the collected observations originate. For the sake of simplicity,
a dichotomous distinction is adopted between individual-level and aggregate-level data,
since it is precisely the direction of a possible inferential shift between these categories of
data that determines the type of error. The second element of the first layer of the analyzed
problem consists of associations estimated at the data level. The association itself may be
correctly estimated on the basis of the available data. The fundamental problem emerges
only at the central point of the inferential process, when the researcher assigns interpretive
meaning to the obtained result. From this point onward, two analytically distinct pathways
are possible. For clarity, they are referred to here as the pathway of inferential consistency
(A) and the pathway of cross-level distortion (M). Along both pathways, the research
conclusion may be subject to communicative compression and amplification, for instance
in the title, abstract, or official press release. However, the scope of the framework may
also be expanded to include promotional social media posts, which are often formulated
subsequent to the press release.

In the pathway of inferential consistency, the meaning assigned to the finding remains
aligned with the level at which the association was estimated. This occurs when an
aggregate-level association is communicated as a claim concerning groups, organizations,
regions, or populations (A1), or when an individual-level association is also interpreted at
the individual level (A;). Communicative compression may still occur, for example in the
title, abstract, press release, or media coverage, but the level of inference is preserved. The
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resulting public claim is therefore inferentially consistent, and any possible errors have a
source other than cross-level shifts.

In the pathway of distortion, an additional mechanistic, practical, or quasi-causal
meaning is assigned to the finding, and the finding is then transferred to another level of
inference without sufficient justification. When an aggregate-level association is reformu-
lated as a claim about individuals (M), the distortion takes the form of an ecological fallacy.
When an individual-level association is generalized to groups, organizations, regions, or
populations (M), the distortion takes the form of an atomistic fallacy. Communicative
compression, spin, exaggeration, and secondary simplification are not, in themselves, cross-
level inference errors, but they may amplify or legitimize such errors once a level shift has
already occurred.

Figure 2 does not present a chronological sequence of stages. Rather, it distinguishes
alternative pathways of transition from a statistical association specific to a given level to a
public claim. It shows distortion pathways involving a cross-level shift (dashed arrow) and
consistency pathways involving the preservation of the level of inference (bold solid arrow).

Mechanism of Transition from Statistical Associationto Public Claim

Pathway model distinguishing level misalignment through cross-level shift from level alignment tlhrough inference-level preservation
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Figure 2. Mechanism linking a statistical association specific to a given level with a public claim:
cross-level distortions—atomistic and ecological—and consistency pathways preserving the level
of inference. Source: Author’s own pathway model developed on the basis of the methodological
literature discussed in the text.

The pathway model proposed here should be treated as a heuristic framework that
organizes observations derived from different strands of literature. Future research should
examine whether this proposal can be empirically verified and operationalized. The
mechanism described here, however, has not only descriptive but also critical significance.
It makes it possible to connect the classical literature on ecological and atomistic fallacies
with more recent metascience and research on scientific communication. Of particular
importance here is the view of Ioannidis (2016), who indicated that the usefulness of clinical
research depends on such features as the proper embedding of the research problem,
context, information gain, pragmatism, relevance to patients, cost-effectiveness, feasibility,
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and transparency. This supports the cautious conclusion that the formal validity of a
study does not eliminate the risk of a later interpretive overstepping of the scope of
justification. Nosek et al. (2015) and Munafo et al. (2017) developed a similar intuition
within the framework of open and reproducible science, indicating that improving the
credibility of research requires not only methodological reforms, but also changes in
research culture, reporting practices, dissemination of findings, and incentive structures.
From this perspective, cross-level inference error appears as one of the points at which
weaknesses in research design, interpretation, reporting, and the public circulation of
findings may intersect.

The consequence of this line of reasoning is the need to formulate a practical tool for
limiting this type of distortion. For this reason, the next section of the article introduces a
control tool whose task is to help avoid false conclusions.

5. Control of the Level of Inference and Communication

Knowledge of how cross-level inference errors arise is not yet sufficient to avoid
misleading interpretations of one’s own research findings. What is also needed is an
instrumental control of inference and of the point at which it is applied.

5.1. Diagnostic Checkpoints in the Publication Chain

The control of conclusions and of the final communication is directly linked to its
diagnostic function, which makes it possible to identify where potential distortions arise.
However, this appears to be only an auxiliary function in relation to the analysis of links
between research and publication processes.

O’Keefe (2024) shows that individual-level correlations cannot justify message-level
claims and argues that claims about messages require analyses conducted at the message
level. This point is directly relevant to the problem considered here because it emphasizes
the need to align the level of evidence with the level at which a claim is formulated.
However, there appears to be a need for a broader, complementary, and diagnostic approach
that extends this issue to the relationship among the data level, the level of the estimated
association, the inference level, and the communication or recommendation level, thereby
further strengthening researchers’ diagnostic capacities. In this approach, the claim is
treated as the operational expression of the inference level, whereas recommendation is
treated as a specific applied form of communication.

It is therefore proposed to adopt a direct control of the level of inference and communi-
cation, located at the final stage of publication preparation. In its simplest form, this may be
understood as the habit of checking whether the publicly communicated meaning of a re-
sult does not transform it into a level-misaligned claim by assigning to it a level of reference
different from the one at which the data were collected and the associations were estimated.
The rationale for implementing such a conceptual tool of analysis is that an operational
formulation of the problem may facilitate the transition from the analysis of individual
cases to broader recommendations for authors, editors, journalists, and fact-checkers.

One form of such communication is overinterpretation, understood as going beyond
the permissible scope of generalization or explanation. It is not yet identical with the
concept of scientific misinformation, which should be used more cautiously and reserved
for cases in which a public claim becomes stabilized or disseminated in the public sphere in
a way that systematically produces a false picture of the state of knowledge, regardless of
whether there was an intention to mislead. Moreover, checking the consistency of a single
claim with its source is necessary but insufficient. A message may be misleading even when
it correctly cites a finding, if it wrongly transfers it from the group level to the individual

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41

17 of 26

level, or vice versa. Distortions of this kind are often difficult to detect because the result
itself may be cited correctly while at the same time being interpreted at the wrong level.

If cross-level inference errors may constitute an important mechanism of scientific in-
formation distortion, whereby a credible scientific finding is transformed into an erroneous
claim, the response to this problem cannot be limited to classical fact-checking. In this
article, the inference level denotes the level at which the meaning of the estimated result is
formulated as a claim. The claim level is therefore treated as the operational expression
of the inference level, not as a separate stage of the process. A level-misaligned inference
occurs when the meaning assigned to the result exceeds or changes the level at which the
data were collected and the association was estimated. Its communicative outcome is what
this article terms a Level-Misaligned Public Claim: a public claim that appears to be consistent
with the source but assigns to the result a meaning that exceeds or changes its proper level
of inference. Its opposite is a Level-Aligned Public Claim, in which the meaning assigned to
the result remains at the proper level of inference.

However, inference-level alignment alone does not explain all distortions. It is there-
fore necessary to propose a procedural approach that includes not only checking alignment
between analysis and inference, but also checking alignment between inference and public
communication. A recommendation is understood here as a practical, clinical, policy-
related, organizational, or educational indication derived from the claim. It belongs to
the level of communication and application of the result. Thus, recommendation is not a
synonym for communication as such, but a specific applied form of communication. This
justifies including the communication or recommendation level in the assessment, that
is, classifying the latter part of the publication-preparation process as either level-aligned
communication or level-misaligned communication.

Ultimately, the proposed Inference-Level Alignment Procedure should answer the ques-
tion of whether the data level and the level of the estimated association (analysis), the
inference level, operationalized as the claim level (inference), and the communication or
recommendation level (communication and application of the result) remain aligned. The
assessment process should include two checkpoints: the Analysis—Inference Alignment Check
(CPj) and the Inference-Communication Alignment Check (CPyy). It is not an overarching
procedure that integrates all practices of cautious scientific communication, but rather
a specialized test for assessing consistency among the elements of the mechanism used
to identify cross-level distortions. Its specificity lies in the fact that it does not primarily
ask whether the message is exaggerated, whether it uses causal language, or whether it
sufficiently highlights the study’s limitations. Instead, it addresses the narrower issue of
consistency between two pairs of levels: (a) the level of analysis and the inference level,
operationalized as the claim level, and (b) the inference level and the communication or
recommendation level, understood as the level at which the claim is communicated, ap-
plied, or translated into a practical implication. It therefore seeks to answer the following
question: has the meaning assigned to the result remained at the same level of analysis at
which the result was estimated, and does the public message or recommendation remain at
the same level as the inference derived from the analysis? This means that the problem of
level difference does not concern only the relationship between analysis and inference or
only the relationship between inference and communication. It is an approach covering
the entire chain of actions (Figure 3), in which a level shift detected at any segment of that
chain makes the final public claim a Level-Misaligned Public Claim.

The separation of the process into two checkpoints also follows from diagnostic needs.
This approach makes it possible to indicate at which stage of the process the distortion
arose: whether at the moment of formulating conclusions at the final stage of analysis,
or at the moment of formulating a press release after the conclusions had already been

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41

18 of 26

Control and
Classification Process

Research and
Publication Process

established. In this way, issues of spin, causal language, and disclosure of limitations
remain important, although they are analytically distinct from the direct control of the level
of inference.
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Figure 3. Inference-level alignment framework: two diagnostic checks across the chain from analysis
to inference and communication. Source: Author’s own conceptual framework.

The procedure begins with the identification of the unit of observation and the data
level at which the exposure and outcome were measured: whether this is the level of the
individual, household, group, organization, or territorial aggregate, such as a region or
country. The nature of the estimated association is then determined, especially whether the
relationship is within-individual, between-individual, contextual, or mixed. In practice,
one of the key elements of the control procedure is the researcher’s knowledge of the level
of the data at their disposal. This knowledge should also serve as a point of reference at
every stage of the procedure. The core of the proposed control procedure is a structured
assessment of the relationship among evidence, interpretation, and recommendation. The
next step is therefore to examine whether the claim level is consistent with the data level
and the level of the association. The procedure ends with an assessment of whether each
practical, policy-related, or clinical recommendation falls within the permissible scope of
inference. It may include an assessment of whether the title, abstract, and main claim remain
at the same level of inference as the conclusions drawn from the analysis of the association.

This approach may be supplemented by a transparency component concerning the
disclosure of limitations, uncertainty, and alternative explanations. However, this compo-
nent does not in itself determine inference-level consistency. It only helps assess whether
communication creates conditions for an unjustified extension of the meaning of the result.
Understood in this way, control of the level of inference may function as an ordered pro-
cedure for assessing consistency between the level of evidence and the level of scientific
interpretation and public communication.

Figure 4 translates the procedure for checking the alignment between the level of
inference and the level of communication into a four-step pre-publication procedure that
verifies consistency among the level of analysis, the type of estimated association, the level
of inference, and the level of communication or recommendation.

Nevertheless, it should be noted that the proposed procedure should distinguish
descriptive coding from inferential classification. Assuming consistency demonstrated at
the first checkpoint, that is, consistency between the claim level and the data and association
levels, the second checkpoint becomes decisive. A message can be consistent only when
both the first and the second checkpoint show no cross-level shift. A level shift detected
at the first checkpoint determines that the final public claim cannot be regarded as level-
aligned. This does not mean, however, that the second checkpoint loses its diagnostic
significance. It makes it possible to determine whether the message merely repeats the
earlier shift or additionally amplifies it or extends it to the recommendation level. At the
same time, the absence of a shift at the first inference checkpoint does not yet mean that
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the final message is correct, because distortion may arise at the stage of creating the public
message on the basis of correctly obtained conclusions from the analysis. This is why the
second checkpoint is also crucial.

Inference-Level Alignment Check Before Publication

A four-step procedure for verifying alignment among the level of analysis, the type of association,
the level of inference, and the commumnication or recommendation level

‘ Data level J Question 1: At what level were the exposure and outcome measured ?

¢ individual
group
organization|
region
cmu\tly,"contiueﬂt

Type of association J Question 2: What type of relationship was estimated ?

¢ within-group

+ contextual
+ mixed

level as the data and the estimated association?

* between-group Question 3: Does the inference remain at the same
Inference level

Ifno — revise the inference before publication

Alignment between level of
analysis and level of inference Ifyes

recommendation level | remainaligned with the level of inference?

The claim is publication-ready only if both alignment checks are passed. If misalignment is
detected at either checkpoint, the claim should be revised before publication. This applies
both to official scientific statements and to social media communications.

Communication / J Question 4: Does the communication

The conclusion must not go (title, abstract, press release, or recommendation)
beyond what the data allow

Ifno — revise the claim before publication

Ifyes Classification after alignment check

+ Level-aligned communication

« Interpretive extension without level misalignment
* Level-misaligned claim

+ Level-misaligned recommendation

Figure 4. Pre-publication Inference-Level Alignment Procedure: a four-step procedure for verifying
consistency among the level of analysis, the type of estimated association, the level of inference, and
the level of communication or recommendation.

The control of the transformation of conclusions into a public message requires identi-
fying the basic elements of the submitted communication and then comparing them with
the results of the first checkpoint, and thus with the data level. This activity should lead to
the classification of the final communication into one of four categories:

e inferentially consistent communication;

e interpretive extension without a cross-level shift;
e cross-level shift in the claim;

e  cross-level shift extended to the recommendation.

It is worth noting that the mechanism of inference distortions shown in Figure 2
has a symmetrical structure, which demonstrates that it not only reproduces the classical
ecological fallacy but also makes it possible to detect the atomistic fallacy. Therefore, the
control procedure shown in Figure 4 can also be applied symmetrically to the two opposite
directions of cross-level inference error. This makes it possible to supplement the category
of cross-level shift with the type of shift involved, indicating either an ecological or an
atomistic fallacy. The disclosure of limitations, uncertainty, and alternative explanations
should not be treated as a separate category of level consistency. Rather, it should serve as
a transparency modifier that may reduce the risk of communicative overinterpretation.

It should also be emphasized that the proposed control procedure is grounded in
previous research, because it draws on several strands of methodological guidance already
discussed in the review section, although it is not identical with them. Idrovo’s (2011)
criteria clarify when ecological fallacy can be identified, whereas Subramanian et al. (2009)
emphasize that cross-level error is bidirectional and includes both ecological and atom-
istic fallacies. O'Keefe’s (2024) already cited argument concerning message-level claims
highlights the principle that claims should be formulated at the same level as the evidence
supporting them. The STROBE recommendations, in turn, provide a broader reporting
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framework for transparent and cautious interpretation of observational studies (von Elm
et al., 2007; Vandenbroucke et al., 2007). In this way, the procedure does not reproduce
any of these approaches, but integrates them into a practical test of level alignment among
analysis, inference, and communication.

The proposed procedure may serve a heuristic function and may also provide the
basis for a preliminary coding protocol designed to assess inference-level consistency
in the author’s own research. At the present stage, however, it should be treated as a
provisional analytical tool that organizes the assessment of the relationship among the
unit of observation, the type of estimated association, the level of the main claim, and
the recommendation level, while integrating principles and claims encountered in the
literature. The next stage should be validation of the measurement instrument.

5.2. Scope of Control

The primary site for applying control of the level of inference and communication
should be the scientific publication itself, broadly understood. Authors of observational
or ecological studies should explicitly indicate the unit of analysis, the level of aggrega-
tion of the variables, and the interpretive limits imposed by the research design. Haber
et al. (2022) showed that even texts explicitly adopting associational language may imply
stronger causal conclusions than their design warrants. In practice, this means that the esti-
mated finding must be clearly distinguished from the explanatory hypothesis, mechanistic
speculation, and practical implication.

The next critical site is the abstract. It is the abstract that most often becomes the
basis for the secondary circulation of information, while also being especially vulnerable to
compression and spin, as shown by the previously cited studies by Boutron et al. (2010,
2014), Yavchitz et al. (2012), and Haneef et al. (2015). From the perspective of the model
proposed here, this means that control of the level of inference should be a mandatory
element of abstract assessment rather than an optional addition at the final editing stage.

The third link requiring particular attention is the press release prepared by academic
institutions and publishers. Such releases not only inform about research findings but often
also perform a promotional function, presenting the achievements of researchers, teams, or
institutions in a form attractive to the media. Under such conditions, there is a risk that
the meaning of results will be exaggerated, especially when the release strengthens the
practical, social, or health-related implications of the study beyond what its design and level
of inference justify. In this context, it is worth recalling the previously discussed studies by
Sumner et al. (2016) and Bossema et al. (2019), which concerned exaggeration in health
news and the role of expert quotations in limiting this risk. A press release should therefore
not only popularize the finding but also preserve alignment between the data level and the
level of interpretation by clearly indicating the limits of permissible generalization.

Another area of application for the proposed model is editorial practice. Editors
and reviewers usually assess the adequacy of methods, the state of the literature, and
the formal correctness of the manuscript. Much less often, however, do they conduct a
systematic assessment of alignment between the data level and the level of the interpretive
claim. This is precisely where an explicit procedure should be introduced. The STROBE
recommendations (von Elm et al., 2007; Vandenbroucke et al., 2007) help structure the
reporting of observational studies by emphasizing the need for an informative and balanced
abstract and cautious interpretation of results. These recommendations may, however, be
supplemented by a specifically inferential question: do the final claims exceed the level
to which the data actually refer? This proposal is consistent with the broader agenda of
reforms in open and reproducible science discussed by Nosek et al. (2015) and Munafo et al.
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(2017), who emphasize that the credibility of science depends not only on methodological
procedures but also on norms of reporting, evaluation, and dissemination of findings.

It also seems that published informational texts should specify whether the finding
concerns individuals, organizations, regions, countries, or other aggregated units. This
recommendation is consistent with existing attempts to improve the labeling of medical
and scientific press releases. Following the recommendations of the Academy of Medical
Sciences (2018), the Science Media Centre implemented a system for labeling press releases
according to peer-review status, study type, and the nature of the empirical material. Such
systems could be extended by adding a label indicating the level of inference, specifying
whether the main finding concerns individuals, groups, organizations, regions, or popula-
tions. As van der Bles et al. (2020) showed, communicating uncertainty does not necessarily
undermine public trust.

The introduction of control of the level of inference and communication may also have
systemic significance for open science. Open access to publications and data strengthens
the possibility of independent critique, but at the same time increases the number of points
at which findings may be stripped of context and used in an overly simplified manner. The
works of Nosek et al. (2015), Munafo et al. (2017), and Vicente-Sdez and Martinez-Fuentes
(2018) are relevant here. Openness, however, does not automatically eliminate inferential
errors. It must be supplemented by more transparent communication standards concerning
the level at which findings may be legitimately interpreted.

Ultimately, in line with the general concern for alignment discussed by O’Keefe (2024),
the proposed approach can be summarized in the form of a synthetic principle: a finding
should not be communicated as if it referred to a different level of reality than the one
at which it was estimated. This requires a clear distinction between the data level, the
level of the estimated association, the inference (claim) level, and the communication or
recommendation level, so that an observation concerning a collective is not presented as if
it directly justified conclusions about individuals, nor vice versa. Extending this principle
makes it possible to treat control of the level of inference as a specialized tool for assessing
consistency between the data level and the level of conclusions, and between the level
of conclusions and the level of the communicated meaning assigned to the findings. In
this sense, it may serve the early detection of the type and location of distortions, supple-
menting existing practices for identifying ecological fallacy, assessing causal language, and
detecting spin.

6. Conclusions

The analysis presented in this article shows that cross-level inference errors should
not be understood solely as technical problems of statistical interpretation. They may
also become problems of scientific interpretation and communication when a finding
estimated at one level of analysis is communicated as if it referred to another level of reality.
In such cases, the empirical data may be correct, and the statistical association may be
formally valid, yet the meaning assigned to the finding in public communication may still
be misleading. The central problem, therefore, is not necessarily the falsification of results,
but the loss of alignment between the level at which evidence is produced and the level at
which claims or recommendations are formulated.

This distinction is particularly important because ecological and atomistic fallacies
operate in opposite directions but have the same inferential structure. Aggregate-level
associations should not be translated into claims about individuals without additional
justification, just as individual-level associations should not be generalized to groups, insti-
tutions, regions, or populations if the research design does not support such inference. The
same principle applies to practical recommendations. A policy, clinical, organizational, or
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educational recommendation should remain within the boundaries of the level of inference
justified by the data and the estimated association. When this alignment is broken, a finding
may retain the appearance of scientific validity while at the same time functioning as a
Level-Misaligned Public Claim.

The main contribution of the article consists of linking the classical methodological
literature on ecological and atomistic fallacies with research on spin, exaggeration, science
journalism, press releases, and misinformation in and about science. This connection makes
it possible to treat cross-level inference errors not only as errors occurring within a research
design or statistical interpretation, but also as mechanisms through which scientific findings
may be transformed during communicative circulation. The proposed model distinguishes
two possible outcomes of communicating a statistical association specific to a given level:
one aligned with the data level and one misaligned with it. The model does not assume
that every distortion follows the same sequence. Rather, it provides a heuristic framework
for identifying where and how level alignment is lost in the chain: analysis — inference
— communication.

The Inference-Level Alignment Procedure has been proposed as a practical response to
this problem. It is understood as a procedure for checking the alignment between the level
of inference and the level of communication, comprising two diagnostic checkpoints. The
first checks whether the conclusion remains aligned with the data level and the level of the
estimated association. The second checks whether the message, abstract, title, press release,
or recommendation remains aligned with the level of the conclusion obtained on the basis
of the analysis. The aim is not to replace existing standards for assessing causal language,
uncertainty, spin, exaggeration, or the quality of evidence, but to supplement them by
asking whether the level of analysis, the level of inference, and the level of communication
remain aligned. In this sense, responsible scientific communication requires not only fact-
checking, but also the control of level alignment throughout the chain from research finding
to public claim.

The argument developed here also has practical implications for authors, editors,
reviewers, press officers, journalists, fact-checkers, and audiences. Authors should explicitly
indicate the unit of analysis, the level of aggregation, and the limits of interpretation. Editors
and reviewers should assess not only whether the statistical analysis is correct, but also
whether the title, abstract, conclusions, and recommendations remain aligned with the
level of evidence. Press officers and journalists should avoid transforming aggregate-level
associations into advice for individuals, or individual-level findings into claims about
populations, unless such transitions are justified by the research design. For audiences,
a basic form of inference-level checking may provide an additional safeguard against
misleading cross-level interpretations.

Finally, the limitations of this article should be emphasized. It is based on a purposively
selected, problem-oriented body of literature and does not constitute a systematic review.
The proposed model should therefore be treated as a conceptual and heuristic model
rather than as an empirically validated measurement instrument. Future research should
empirically examine at which stages of knowledge circulation shifts in the level of inference
most often occur. Another important direction would be to evaluate the proposed procedure
across different fields and genres of scientific communication. Beyond cross-level inference
errors, further research could address related explanatory distortions that are not the
focus of this article, such as psychologistic and sociologistic fallacies, by clarifying their
boundaries, conditions of occurrence, and possible ways of preventing them in scientific
interpretation and communication.

Funding: The publication of the article has been supported by statutory research BK-270/ROZ1/2026
(13/010/BK_26/0093) at the Silesian University of Technology, Faculty of Organization and Management.

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41 23 of 26

Data Availability Statement: No new empirical data were created or analyzed in this study.

Acknowledgments: The author thanks the reviewers and editors for their constructive comments,
which helped improve the clarity, conceptual precision, and readability of the manuscript. Declaration
of generative Al and Al-assisted technologies in the writing process: During the preparation and
revision of the manuscript, the author used generative Al tools, namely ChatGPT 5.3, in an auxiliary
capacity, including language editing, translation support, improvement of textual clarity, and organi-
zation of revisions. Al tools were not used to generate data, conduct analyses, or replace the author’s
scientific judgment. All Al-assisted content was critically reviewed, verified, and approved by the
author, who assumes full responsibility for the content of the manuscript.

Conflicts of Interest: The author declares no conflicts of interest.

References

Academy of Medical Sciences. (2018, July 3). Communicating medical science: New press release labelling system launched [Instructional
document]. Available online: https://acmedsci.ac.uk/more/news/communicating-medical-science-new-press-release-labelling-
system-launched (accessed on 31 March 2026).

Achen, C. H., & Shively, W. P. (1995). Cross-level inferenc. University of Chicago Press.

Aimeur, E., Amri, S., & Brassard, G. (2023). Fake news, disinformation and misinformation in social media: A review. Social Network
Analysis and Mining, 13(1), 30. [CrossRef] [PubMed]

ALLEA. (2023). The European code of conduct for research integrity: Revised edition 2023. ALLEA. [CrossRef]

Anglemyer, A., Horvath, H. T., & Bero, L. (2014). Healthcare outcomes assessed with observational study designs compared with those
assessed in randomized trials. Cochrane Database of Systematic Reviews, (4), MR000034. [CrossRef] [PubMed]

Arah, O. A. (2008). The role of causal reasoning in understanding Simpson’s paradox, Lord’s paradox, and the suppression effect:
Covariate selection in the analysis of observational studies. Emerging Themes in Epidemiology, 5, 5. [CrossRef] [PubMed]

Berkson, J. (1946). Limitations of the application of fourfold table analysis to hospital data. Biometrics Bulletin, 2(3), 47-53. [CrossRef]

Blakely, T. A., & Woodward, A.J. (2000). Ecological effects in multi-level studies. Journal of Epidemiology & Community Health, 54(5),
367-374. [CrossRef] [PubMed]

Bornmann, L., & Mutz, R. (2015). Growth rates of modern science: A bibliometric analysis based on the number of publications and
cited references. Journal of the Association for Information Science and Technology, 66(11), 2215-2222. [CrossRef]

Bossema, F. G., Burger, P, Bratton, L., Challenger, A., Adams, R. C., Sumner, P, Schat, J., Numans, M. E., & Smeets, 1. (2019). Expert
quotes and exaggeration in health news: A retrospective quantitative content analysis. Wellcome Open Research, 4, 56. [CrossRef]
[PubMed]

Boutron, I., Altman, D. G., Hopewell, S., Vera-Badillo, F., Tannock, 1., & Ravaud, P. (2014). Impact of spin in the abstracts of articles
reporting results of randomized controlled trials in the field of cancer: The SPIIN randomized controlled trial. Journal of Clinical
Oncology, 32(36), 4120-4126. [CrossRef] [PubMed]

Boutron, I, Dutton, S., Ravaud, P,, & Altman, D. G. (2010). Reporting and interpretation of randomized controlled trials with statistically
nonsignificant results for primary outcomes. JAMA, 303(20), 2058-2064. [CrossRef] [PubMed]

Bratton, L., Adams, R. C., Challenger, A., Boivin, J., Chambers, C. D., & Sumner, P. (2019). The association between exaggeration in
health-related science news and academic press releases: A replication study. Wellcome Open Research, 4, 148. [CrossRef] [PubMed]

Cacciatore, M. A. (2021). Misinformation and public opinion of science and health: Approaches, findings, and future directions.
Proceedings of the National Academy of Sciences of the United States of America, 118(15), €1912437117. [CrossRef] [PubMed]

Cole, S. R., Platt, R. W,, Schisterman, E. E.,, Chu, H., Westreich, D., Richardson, D., & Poole, C. (2010). Illustrating bias due to conditioning
on a collider. International Journal of Epidemiology, 39(2), 417-420. [CrossRef] [PubMed]

Del Vicario, M., Bessi, A., Zollo, F., Petroni, F, Scala, A., Caldarelli, G., Stanley, H. E., & Quattrociocchi, W. (2016). The spreading of
misinformation online. Proceedings of the National Academy of Sciences of the United States of America, 113(3), 554-559. [CrossRef]
[PubMed]

Diez-Roux, A. V. (1998). Bringing context back into epidemiology: Variables and fallacies in multilevel analysis. American Journal of
Public Health, 88(2), 216-222. [CrossRef] [PubMed]

Diez Roux, A. V., & Aiello, A. E. (2005). Multilevel analysis of infectious diseases. The Journal of Infectious Diseases, 191(Suppl. S1),
525-533. [CrossRef] [PubMed]

Durkheim, E. (1951). Suicide: A study in sociology (J. A. Spaulding, & G. Simpson, Trans.). Free Press. (Original work published 1897).

Elwert, F., & Winship, C. (2014). Endogenous selection bias: The problem of conditioning on a collider variable. Annual Review of
Sociology, 40, 31-53. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/publications14030041


https://acmedsci.ac.uk/more/news/communicating-medical-science-new-press-release-labelling-system-launched
https://acmedsci.ac.uk/more/news/communicating-medical-science-new-press-release-labelling-system-launched
https://doi.org/10.1007/s13278-023-01028-5
https://www.ncbi.nlm.nih.gov/pubmed/36789378
https://doi.org/10.26356/ECOC
https://doi.org/10.1002/14651858.MR000034.pub2
https://www.ncbi.nlm.nih.gov/pubmed/24782322
https://doi.org/10.1186/1742-7622-5-5
https://www.ncbi.nlm.nih.gov/pubmed/18302750
https://doi.org/10.2307/3002000
https://doi.org/10.1136/jech.54.5.367
https://www.ncbi.nlm.nih.gov/pubmed/10814658
https://doi.org/10.1002/asi.23329
https://doi.org/10.12688/wellcomeopenres.15147.2
https://www.ncbi.nlm.nih.gov/pubmed/31346551
https://doi.org/10.1200/JCO.2014.56.7503
https://www.ncbi.nlm.nih.gov/pubmed/25403215
https://doi.org/10.1001/jama.2010.651
https://www.ncbi.nlm.nih.gov/pubmed/20501928
https://doi.org/10.12688/wellcomeopenres.15486.2
https://www.ncbi.nlm.nih.gov/pubmed/31728413
https://doi.org/10.1073/pnas.1912437117
https://www.ncbi.nlm.nih.gov/pubmed/33837143
https://doi.org/10.1093/ije/dyp334
https://www.ncbi.nlm.nih.gov/pubmed/19926667
https://doi.org/10.1073/pnas.1517441113
https://www.ncbi.nlm.nih.gov/pubmed/26729863
https://doi.org/10.2105/AJPH.88.2.216
https://www.ncbi.nlm.nih.gov/pubmed/9491010
https://doi.org/10.1086/425288
https://www.ncbi.nlm.nih.gov/pubmed/15627228
https://doi.org/10.1146/annurev-soc-071913-043455
https://www.ncbi.nlm.nih.gov/pubmed/30111904
https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41 24 of 26

Etminan, M., Collins, G. S., & Mansournia, M. A. (2020). Using causal diagrams to improve the design and interpretation of medical
research. Chest, 158(1S), S21-528. [CrossRef] [PubMed]

Fecher, B., & Friesike, S. (2014). Open science: One term, five schools of thought. In S. Bartling, & S. Friesike (Eds.), Opening science
(pp. 17-47). Springer. [CrossRef]

Fortunato, S., Bergstrom, C. T., Borner, K., Evans, J. A., Helbing, D., Milojevi¢, S., Petersen, A. M., Radicchi, F,, Sinatra, R., Uzzi, B.,
Vespignani, A., Waltman, L., Wang, D., & Barabasi, A.-L. (2018). Science of science. Science, 359(6379), eaao0185. [CrossRef]
[PubMed]

Freedman, D. A. (1999). Ecological inference and the ecological fallacy (Technical Report No. 549). University of California, Berkeley.

Garett, R., & Young, S. D. (2021). Online misinformation and vaccine hesitancy. Translational Behavioral Medicine, 11(12), 2194-2199.
[CrossRef] [PubMed]

Gleadhill, C., Lee, H., Kamper, S.J., Cashin, A., Hansford, H., Traeger, A. C., Viana Da Silva, P, Nolan, E., Davidson, S. R. E., Wilczynska,
M., Robson, E., & Williams, C. M. (2023). Mixed messages: Most spinal pain and osteoarthritis observational research is unclear
or misaligned. Journal of Clinical Epidemiology, 155, 39-47. [CrossRef] [PubMed]

Greenland, S. (2000). Principles of multilevel modelling. International Journal of Epidemiology, 29(1), 158-167. [CrossRef] [PubMed]

Greenland, S. (2001). Ecologic versus individual-level sources of bias in ecologic estimates of contextual health effects. International
Journal of Epidemiology, 30(6), 1343-1350. [CrossRef] [PubMed]

Greenland, S. (2002). A review of multilevel theory for ecologic analyses. Statistics in Medicine, 21(3), 389-395. [CrossRef] [PubMed]

Haber, N. A., Wieten, S. E., Rohrer, ]. M., Arah, O. A,, Tennant, P. W. G,, Stuart, E. A., Murray, E. ., Pilleron, S., Lam, S. T., Riederer, E.,
Howcutt, S. J., Simmons, A. E., Leyrat, C., Schoenegger, P., Booman, A., Kang Dufour, M.-S., O’Donoghue, A. L., Baglini, R., Do,
S., ... Fox, M. P. (2022). Causal and associational language in observational health research: A systematic evaluation. American
Journal of Epidemiology, 191(12), 2084-2097. [CrossRef] [PubMed]

Han, M. A., & Guyatt, G. (2020). Systematic survey of the causal language use in systematic reviews of observational studies: A study
protocol. BMJ Open, 10(7), e038571. [CrossRef] [PubMed]

Han, M. A,, Leung, G., Storman, D., Xiao, Y., Srivastava, A., Talukdar, J. R., El Dib, R., Morassut, R. E., Zeraatkar, D., Johnston, B. C.,
& Guyatt, G. (2022). Causal language use in systematic reviews of observational studies is often inconsistent with intent: A
systematic survey. Journal of Clinical Epidemiology, 148, 65-73. [CrossRef] [PubMed]

Haneef, R., Lazarus, C., Ravaud, P, Yavchitz, A., & Boutron, I. (2015). Interpretation of results of studies evaluating an intervention
highlighted in Google health news: A cross-sectional study of news. PLoS ONE, 10(10), e0140889. [CrossRef] [PubMed]

Harris, A. H. S., Humphreys, K., & Finney, ]. W. (2015). State-level relationships cannot tell us anything about individuals. American
Journal of Public Health, 105(4), €8. [CrossRef] [PubMed]

Hernan, M. A., Hernandez-Diaz, S., & Robins, ]J. M. (2004). A structural approach to selection bias. Epidemiology, 15(5), 615-625.
[CrossRef] [PubMed]

Holland, P. W., & Rubin, D. B. (1982). On Lord’s paradox (Research Report No. RR-82-36). Educational Testing Service. [CrossRef]

Idrovo, A.J. (2011). Three criteria for ecological fallacy. Environmental Health Perspectives, 119(8), A332. [CrossRef] [PubMed]

Ioannidis, J. P. A. (2005). Why most published research findings are false. PLoS Medicine, 2(8), e124. [CrossRef] [PubMed]

Ioannidis, J. P. A. (2016). Why most clinical research is not useful. PLoS Medicine, 13(6), €1002049. [CrossRef] [PubMed]

Kim, J. H. (2019). State-level relationships cannot tell us anything about individuals, but what they tell us about states should still be of
interest. Addiction, 114(4), 756-757. [CrossRef] [PubMed]

King, G. (1997). A Solution to the ecological inference problem: Reconstructing individual behavior from aggregate data. Princeton Univer-
sity Press.

Lazer, D. M. ], Baum, M. A., Benkler, Y., Berinsky, A. J., Greenhill, K. M., Menczer, F., Metzger, M. J., Nyhan, B., Pennycook, G.,
Rothschild, D., Schudson, M., Sloman, S. A., Sunstein, C. R., Thorson, E. A., Watts, D. ]., & Zittrain, ]J. L. (2018). The science of fake
news. Science, 359(6380), 1094-1096. [CrossRef] [PubMed]

Lewandowsky, S., Ecker, U. K. H., Seifert, C. M., Schwarz, N., & Cook, J. (2012). Misinformation and its correction: Continued influence
and successful debiasing. Psychological Science in the Public Interest, 13(3), 106-131. [CrossRef] [PubMed]

Lord, F. M. (1967). A paradox in the interpretation of group comparisons. Psychological Bulletin, 68(5), 304-305. [CrossRef] [PubMed]

Merlo, J., Lynch, J. W,, Yang, M., Lindstrém, M., Ostergren, P-O., Rasmusen, N. K., & Rastam, L. (2003). Effect of neighbourhood
social participation on individual use of hormone replacement therapy and antihypertensive medication: A multilevel analysis.
American Journal of Epidemiology, 157(9), 774-783. [CrossRef] [PubMed]

Merlo, J., Ohlsson, H., Lynch, K. F,, Chaix, B., & Subramanian, S. V. (2009). Individual and collective bodies: Using measures of variance
and association in contextual epidemiology. Journal of Epidemiology & Community Health, 63(12), 1043-1048. [CrossRef] [PubMed]

Merlo, J., Viciana-Fernéndez, F. ]., Ramiro-Farifias, D., & Research Group of Longitudinal Database of Andalusian Population (LDAP).
(2012). Bringing the individual back to small-area variation studies: A multilevel analysis of all-cause mortality in Andalusia,
Spain. Social Science & Medicine, 75(8), 1477-1487. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.1016/j.chest.2020.03.011
https://www.ncbi.nlm.nih.gov/pubmed/32658648
https://doi.org/10.1007/978-3-319-00026-8_2
https://doi.org/10.1126/science.aao0185
https://www.ncbi.nlm.nih.gov/pubmed/29496846
https://doi.org/10.1093/tbm/ibab128
https://www.ncbi.nlm.nih.gov/pubmed/34529080
https://doi.org/10.1016/j.jclinepi.2023.01.005
https://www.ncbi.nlm.nih.gov/pubmed/36736708
https://doi.org/10.1093/ije/29.1.158
https://www.ncbi.nlm.nih.gov/pubmed/10750618
https://doi.org/10.1093/ije/30.6.1343
https://www.ncbi.nlm.nih.gov/pubmed/11821344
https://doi.org/10.1002/sim.1024
https://www.ncbi.nlm.nih.gov/pubmed/11813225
https://doi.org/10.1093/aje/kwac137
https://www.ncbi.nlm.nih.gov/pubmed/35925053
https://doi.org/10.1136/bmjopen-2020-038571
https://www.ncbi.nlm.nih.gov/pubmed/32723747
https://doi.org/10.1016/j.jclinepi.2022.04.023
https://www.ncbi.nlm.nih.gov/pubmed/35483551
https://doi.org/10.1371/journal.pone.0140889
https://www.ncbi.nlm.nih.gov/pubmed/26473725
https://doi.org/10.2105/AJPH.2015.302604
https://www.ncbi.nlm.nih.gov/pubmed/25713959
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://www.ncbi.nlm.nih.gov/pubmed/15308962
https://doi.org/10.1002/j.2333-8504.1982.tb01321.x
https://doi.org/10.1289/ehp.1103768
https://www.ncbi.nlm.nih.gov/pubmed/21807589
https://doi.org/10.1371/journal.pmed.0020124
https://www.ncbi.nlm.nih.gov/pubmed/16060722
https://doi.org/10.1371/journal.pmed.1002049
https://www.ncbi.nlm.nih.gov/pubmed/27328301
https://doi.org/10.1111/add.14543
https://www.ncbi.nlm.nih.gov/pubmed/30592789
https://doi.org/10.1126/science.aao2998
https://www.ncbi.nlm.nih.gov/pubmed/29590025
https://doi.org/10.1177/1529100612451018
https://www.ncbi.nlm.nih.gov/pubmed/26173286
https://doi.org/10.1037/h0025105
https://www.ncbi.nlm.nih.gov/pubmed/6062585
https://doi.org/10.1093/aje/kwg053
https://www.ncbi.nlm.nih.gov/pubmed/12727671
https://doi.org/10.1136/jech.2009.088310
https://www.ncbi.nlm.nih.gov/pubmed/19666637
https://doi.org/10.1016/j.socscimed.2012.06.004
https://www.ncbi.nlm.nih.gov/pubmed/22795359
https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41 25 of 26

Mossholder, K. W., & Bedeian, A. G. (1983). Cross-level inference and organizational research: Perspectives on interpretation and
application. Academy of Management Review, 8(4), 547-558. [CrossRef]

Munafo, M. R., Nosek, B. A., Bishop, D. V. M., Button, K. S., Chambers, C. D., Percie du Sert, N., Simonsohn, U., Wagenmakers, E.-].,
Ware, J. J., & Ioannidis, J. P. A. (2017). A manifesto for reproducible science. Nature Human Behaviour, 1(1), 0021. [CrossRef]
[PubMed]

National Academies of Sciences, Engineering, and Medicine. (2017). Fostering integrity in research. The National Academies Press.
[CrossRef] [PubMed]

Nosek, B. A., Alter, G., Banks, G. C., Borsboom, D., Bowman, S. D., Breckler, S. J., Buck, S., Chambers, C. D., Chin, G., Christensen, G.,
Contestabile, M., Dafoe, A., Eich, E., Freese, J., Glennerster, R., Goroff, D., Green, D. P.,, Hesse, B., Humphreys, M., ... Yarkoni, T.
(2015). Promoting an open research culture. Science, 348(6242), 1422-1425. [CrossRef] [PubMed]

Oakes, J. M. (2009). Commentary: Individual, ecological and multilevel fallacies. International Journal of Epidemiology, 38(2), 361-368.
[CrossRef] [PubMed]

O’Keefe, D. J. (2024). Message-level claims require message-level data analyses: Aligning claims and evidence in communication
research. Communication Methods and Measures, 18(4), 301-314. [CrossRef]

Olarte Parra, C., Bertizzolo, L., Schroter, S., Dechartres, A., & Goetghebeur, E. (2021). Consistency of causal claims in observational
studies: A review of papers published in a general medical journal. BM] Open, 11(5), €043339. [CrossRef] [PubMed]

Pear], J. (2016). Lord’s paradox revisited—(Oh Lord! Kumbaya!). Journal of Causal Inference, 4(2), 20160021. [CrossRef]

Pennycook, G., & Rand, D. G. (2019). Fighting misinformation on social media using crowdsourced judgments of news source quality.
Proceedings of the National Academy of Sciences of the United States of America, 116(7), 2521-2526. [CrossRef] [PubMed]

Pennycook, G., & Rand, D. G. (2021). The psychology of fake news. Trends in Cognitive Sciences, 25(5), 388—402. [CrossRef] [PubMed]

Piantadosi, S., Byar, D. P, & Green, S. B. (1988). The ecological fallacy. American Journal of Epidemiology, 127(5), 893-904. [CrossRef]
[PubMed]

Pickett, K. E., & Pearl, M. (2001). Multilevel analyses of neighbourhood socioeconomic context and health outcomes: A critical review.
Journal of Epidemiology & Community Health, 55(2), 111-122. [CrossRef] [PubMed]

Qian, S. S., & Shen, Z. (2007). Ecological applications of multilevel analysis of variance. Ecology, 88(10), 2489-2495. [CrossRef] [PubMed]

Robinson, W. S. (1950). Ecological correlations and the behavior of individuals. American Sociological Review, 15(3), 351-357. [CrossRef]

Rohrer, J. M. (2018). Thinking clearly about correlations and causation: Graphical causal models for observational data. Advances in
Methods and Practices in Psychological Science, 1(1), 27—42. [CrossRef]

Salkeld, D.J., & Antolin, M. F. (2020). Ecological fallacy and aggregated data: A case study of fried chicken restaurants, obesity and
Lyme disease. EcoHealth, 17(8), 4-12. [CrossRef] [PubMed]

Saunders, C. L., Elliott, M. N., Lyratzopoulos, G., & Abel, G. A. (2016). Beyond the ecological fallacy: Potential problems when studying
healthcare organisations. Journal of the Royal Society of Medicine, 109(3), 92-97. [CrossRef] [PubMed]

Scheufele, D. A., & Krause, N. M. (2019). Science audiences, misinformation, and fake news. Proceedings of the National Academy of
Sciences of the United States of America, 116(16), 7662-7669. [CrossRef] [PubMed]

Schisterman, E. F, Cole, S. R., & Platt, R. W. (2009). Overadjustment bias and unnecessary adjustment in epidemiologic studies.
Epidemiology, 20(4), 488—-495. [CrossRef] [PubMed]

Simpson, E. H. (1951). The interpretation of interaction in contingency tables. Journal of the Royal Statistical Society: Series B (Methodologi-
cal), 13(2), 238-241. [CrossRef]

Sprinz, D. E. (2000). Cross-level inference in political science. Climatic Change, 44(3), 393—408. [CrossRef]

Subramanian, S. V., Jones, K., Kaddour, A., & Krieger, N. (2009). Revisiting Robinson: The perils of individualistic and ecologic fallacy.
International Journal of Epidemiology, 38(2), 342-360. [CrossRef] [PubMed]

Sumner, P.,, Vivian-Griffiths, S., Boivin, J., Williams, A., Bott, L., Adams, R., Venetis, C. A., Whelan, L., Hughes, B., & Chambers, C. D.
(2016). Exaggerations and caveats in press releases and health-related science news. PLoS ONE, 11(12), e0168217. [CrossRef]
[PubMed]

Sumner, P, Vivian-Griffiths, S., Boivin, J., Williams, A., Venetis, C. A., Davies, A., Ogden, J., Whelan, L., Hughes, B., Dalton, B., Boy, F,
& Chambers, C. D. (2014). Author Correction: The association between exaggeration in health related science news and academic
press releases: Retrospective observational study. BM]J, 349, g7666. [CrossRef]

Swire-Thompson, B., & Lazer, D. (2020). Public health and online misinformation: Challenges and recommendations. Annual Review of
Public Health, 41, 433—-451. [CrossRef] [PubMed]

Tennant, P. W. G., Murray, E. J., Arnold, K. F,, Berrie, L., Fox, M. P, Gadd, S. C., Harrison, W. ., Keeble, C., Ranker, L. R., Textor, J.,
Tomova, G. D., Gilthorpe, M. S., & Ellison, G. T. H. (2021). Use of directed acyclic graphs (DAGs) to identify confounders in
applied health research: Review and recommendations. International Journal of Epidemiology, 50(2), 620-632. [CrossRef] [PubMed]

Toews, I., Anglemyer, A., Nyirenda, J. L. Z., Alsaid, D., Balduzzi, S., Grummich, K., Schwingshackl, L., & Bero, L. (2024). Healthcare
outcomes assessed with observational study designs compared with those assessed in randomized trials: A meta-epidemiological
study. Cochrane Database of Systematic Reviews, (1), MR000034. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.5465/amr.1983.4284651
https://doi.org/10.1038/s41562-016-0021
https://www.ncbi.nlm.nih.gov/pubmed/33954258
https://doi.org/10.17226/21896
https://www.ncbi.nlm.nih.gov/pubmed/29341557
https://doi.org/10.1126/science.aab2374
https://www.ncbi.nlm.nih.gov/pubmed/26113702
https://doi.org/10.1093/ije/dyn356
https://www.ncbi.nlm.nih.gov/pubmed/19174541
https://doi.org/10.1080/19312458.2024.2349987
https://doi.org/10.1136/bmjopen-2020-043339
https://www.ncbi.nlm.nih.gov/pubmed/34016660
https://doi.org/10.1515/jci-2016-0021
https://doi.org/10.1073/pnas.1806781116
https://www.ncbi.nlm.nih.gov/pubmed/30692252
https://doi.org/10.1016/j.tics.2021.02.007
https://www.ncbi.nlm.nih.gov/pubmed/33736957
https://doi.org/10.1093/oxfordjournals.aje.a114892
https://www.ncbi.nlm.nih.gov/pubmed/3282433
https://doi.org/10.1136/jech.55.2.111
https://www.ncbi.nlm.nih.gov/pubmed/11154250
https://doi.org/10.1890/06-2041.1
https://www.ncbi.nlm.nih.gov/pubmed/18027752
https://doi.org/10.2307/2087176
https://doi.org/10.1177/2515245917745629
https://doi.org/10.1007/s10393-020-01472-1
https://www.ncbi.nlm.nih.gov/pubmed/32026056
https://doi.org/10.1177/0141076815610574
https://www.ncbi.nlm.nih.gov/pubmed/26450917
https://doi.org/10.1073/pnas.1805871115
https://www.ncbi.nlm.nih.gov/pubmed/30642953
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://www.ncbi.nlm.nih.gov/pubmed/19525685
https://doi.org/10.1111/j.2517-6161.1951.tb00088.x
https://doi.org/10.1023/a:1005650925159
https://doi.org/10.1093/ije/dyn359
https://www.ncbi.nlm.nih.gov/pubmed/19179348
https://doi.org/10.1371/journal.pone.0168217
https://www.ncbi.nlm.nih.gov/pubmed/27978540
https://doi.org/10.1136/bmj.g7666
https://doi.org/10.1146/annurev-publhealth-040119-094127
https://www.ncbi.nlm.nih.gov/pubmed/31874069
https://doi.org/10.1093/ije/dyaa213
https://www.ncbi.nlm.nih.gov/pubmed/33330936
https://doi.org/10.1002/14651858.MR000034.pub3
https://www.ncbi.nlm.nih.gov/pubmed/38174786
https://doi.org/10.3390/publications14030041

Publications 2026, 14, 41 26 of 26

Vandenbroucke, J. P, von Elm, E., Altman, D. G., Getzsche, P. C., Mulrow, C. D., Pocock, S. J., Poole, C., Schlesselman, J. J., & Egger, M.
(2007). Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and elaboration. PLoS
Medicine, 4(10), €297. [CrossRef] [PubMed]

van der Bles, A. M., van der Linden, S., Freeman, A. L. J., & Spiegelhalter, D. J. (2020). The effects of communicating uncertainty on
public trust in facts and numbers. Proceedings of the National Academy of Sciences of the United States of America, 117(14), 7672-7683.
[CrossRef] [PubMed]

van Poppel, E, & Day, L. H. (1996). A test of Durkheim’s theory of suicide—Without committing the “ecological fallacy”. American
Sociological Review, 61(3), 500-507. [CrossRef] [PubMed]

Vicente-Séez, R., & Martinez-Fuentes, C. (2018). Open science now: A systematic literature review for an integrated definition. Journal
of Business Research, 88, 428-436. [CrossRef]

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Getzsche, P. C., & Vandenbroucke, J. P. (2007). The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. The Lancet,
370(9596), 1453-1457. [CrossRef] [PubMed]

Von Korff, M., Koepsell, T., Curry, S., & Diehr, P. (1992). Multi-level analysis in epidemiologic research on health behaviors and
outcomes. American Journal of Epidemiology, 135(10), 1077-1082. [CrossRef] [PubMed]

Wakefield, J. (2009). Multi-level modelling, the ecologic fallacy, and hybrid study designs. International Journal of Epidemiology, 38(2),
330-336. [CrossRef] [PubMed]

Wang, B., Wu, P.,, Kwan, B., Tu, X. M., & Feng, C. (2018). Simpson’s paradox: Examples. Shanghai Archives of Psychiatry, 30(2), 139-143.
[CrossRef] [PubMed]

West, J. D., & Bergstrom, C. T. (2021). Misinformation in and about science. Proceedings of the National Academy of Sciences of the United
States of America, 118(15), €1912444117. [CrossRef] [PubMed]

Westreich, D., & Greenland, S. (2013). The Table 2 fallacy: Presenting and interpreting confounder and modifier coefficients. American
Journal of Epidemiology, 177(4), 292-298. [CrossRef] [PubMed]

Yavchitz, A., Boutron, I, Bafeta, A., Marroun, I., Charles, P, Mantz, J., & Ravaud, P. (2012). Misrepresentation of randomized controlled
trials in press releases and news coverage: A cohort study. PLoS Medicine, 9(9), e1001308. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/publications14030041


https://doi.org/10.1371/journal.pmed.0040297
https://www.ncbi.nlm.nih.gov/pubmed/17941715
https://doi.org/10.1073/pnas.1913678117
https://www.ncbi.nlm.nih.gov/pubmed/32205438
https://doi.org/10.2307/2096361
https://www.ncbi.nlm.nih.gov/pubmed/36304611
https://doi.org/10.1016/j.jbusres.2017.12.043
https://doi.org/10.1016/S0140-6736(07)61602-X
https://www.ncbi.nlm.nih.gov/pubmed/18064739
https://doi.org/10.1093/oxfordjournals.aje.a116207
https://www.ncbi.nlm.nih.gov/pubmed/1632420
https://doi.org/10.1093/ije/dyp179
https://www.ncbi.nlm.nih.gov/pubmed/19339258
https://doi.org/10.11919/j.issn.1002-0829.218026
https://www.ncbi.nlm.nih.gov/pubmed/29736137
https://doi.org/10.1073/pnas.1912444117
https://www.ncbi.nlm.nih.gov/pubmed/33837146
https://doi.org/10.1093/aje/kws412
https://www.ncbi.nlm.nih.gov/pubmed/23371353
https://doi.org/10.1371/journal.pmed.1001308
https://www.ncbi.nlm.nih.gov/pubmed/22984354
https://doi.org/10.3390/publications14030041

	Introduction 
	Cross-Level Inference Errors and Their Place in Research Methodology 
	Methodological Foundations of Cross-Level Inference Errors 
	From Ecological Correlation to the Problem of Inference Level 
	Multilevel Analysis, Contextual Effects, and Between- and Within-Group Relationships 
	Related Errors: Selection, Colliders, and Inferential Paradoxes 
	From Methodological Error to Communicative Distortion 
	Classical and Methodological References to Cross-Level Inference Errors 

	The Mechanism of Transition from a Cross-Level Error to Communicative Distortion 
	Control of the Level of Inference and Communication 
	Diagnostic Checkpoints in the Publication Chain 
	Scope of Control 

	Conclusions 
	References

