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effectiveness of four different intervention approaches (i.e., historical thinking, multiple document literacy,
sourcing, and lateral reading) to foster source credibility assessment. Source credibility assessment interven-
tions were overall effective (g = 0.42,p < .001), with lateral reading showing the largest effects. We found
considerable heterogeneity (95% Prediction Interval [-0.33, 1.17]), indicating that expected effect sizes in
a random study from among the population of studies reviewed range from small negative to large positive
effects. Greater effects were observed with graduated participants compared to other educational backgrounds,
as well as in university and school settings, regardless of age and gender composition. Additionally, interven-
tions that used the open Internet demonstrated enhanced effectiveness. We conclude that (1) lateral reading
is particularly suited to the digital information landscape, (2) repeated practice may enhance intervention

effectiveness, and (3) ecological validity is highly important for intervention effectiveness.

1. Educational relevance statement

In an era where citizens have to acquire the skills to identify credible
information in a seemingly endless stream of content, this meta-analysis
provides critical insights into the effectiveness of educational inter-
ventions to foster source credibility assessment. We found small to
moderate overall effects across different approaches (historical think-
ing, sourcing, multiple document comparison, lateral reading). Lateral
reading, an approach specifically designed for online sources, appears
particularly effective at equipping learners for the demands of the
digital information landscape. Our results underscore the importance of
integrating repeated practice, using ecologically valid learning settings,
and digital technologies to improve source credibility assessment across
educational levels.

2. Introduction

Testaments of dubious information are not new and date back at
least to the Roman Empire (Pennycook & Rand, 2022). Throughout
history, the ability to judge the credibility of texts based on author-
ship or content has been predominantly reserved for scholars and
experts (Graves, 2016). In recent centuries, however, the advent of

mass printing and, more recently, the Internet has democratized knowl-
edge and information access, enabling greater participation in global
discourse (Hunter, 2023; Kenski & Stroud, 2006). While traditional dis-
semination of information typically involved institutionalized content
gatekeeping prior to publication, for example by reviewers and fact-
checkers at publishing houses, such mechanisms are absent for most
online content (Singer, 2023). These ungated information environments
shift the burden of evaluating information credibility from professionals
to users who may be unaware of this circumstance (Flanagin & Metzger,
2008).

We define sources as authors, publishers, institutions, or platforms
that produce or distribute content (Perfetti, Rouet, & Britt, 1999;
Wineburg, 1991). This means that an author can be any kind of
originating source with primary authorship responsibility for a pub-
lished text, such as a blogger or a publishing house. This definition
excludes private redistribution of information, such as citizens who
share information in their private lives.

Meaningful strategies to identify credible sources do not come
naturally, even to many highly educated individuals and regardless
of age, particularly in online environments (e.g., Breakstone et al.,
2021; Kirschner & van Merriénboer, 2013; Wineburg, Breakstone, Mc-
Grew, Smith, & Ortega, 2022). Especially on social media platforms,
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users often process source information only superficially or ignore it
completely (Hamaldinen, Kiili, Raikkonen, Lakkala, [loméki, Toom, &
Marttunen, 2023). Therefore, skills to read, understand, and evaluate
texts need to be carefully taught (Osborne & Pimentel, 2022).

Over the past decades, research across various fields, notably per-
suasion, communication, literacy, and education, has developed
domain-specific approaches to help individuals navigate the complexi-
ties of source credibility (Brante & Strgmsg, 2018). The process and skill
set of meaningfully evaluating source credibility is commonly referred
to as sourcing or source credibility assessment, which we define as
evaluating the credibility of a text using and crosschecking available
first- and second-hand information about the source and its meta-
characteristics, such as who created the document, when, and for what
purpose (similar to Braten, Stadtler, & Salmer6n, 2018). In contrast,
content evaluation involves assessing the internal logic, evidence, and
coherence of the claims within the text itself. While in practice, skilled
readers often blend these processes (Barzilai, Thomm, & Shlomi-Elooz,
2020), the interventions we analyze are specifically those designed
to teach the skills of sourcing. For example, a reader might start
reading a well-written article out of curiosity before systematically
checking its author’s credibility (Marten, ARmann, Baumgarten-Kelm,
& Stadtler, 2025). We focus on interventions that train source credi-
bility assessment. Individuals lacking these skills risk being misled by
misinformation, with far-reaching consequences for both the individual
and society. Misinformation can lead to social fragmentation, polariza-
tion, and the erosion of trust in institutions, ultimately undermining
democratic processes and collective decision-making (Ecker et al.,
2022).

Researchers have designed interventions to foster source credibil-
ity assessment mainly based on the four approaches historical think-
ing, sourcing, multiple document literacy, and lateral reading (as re-
viewed by Brante & Strgmsg, 2018; McGrew, 2024). Historical think-
ing (Wineburg, 1991) is one of the earliest approaches to evaluating
source credibility. Historians have long emphasized the importance of
understanding the context, perspective, and motives behind a source
instead of face values to judge its reliability. Other strategies have
built on that foundation. Sourcing (Braten, Stadtler, & Salmerén, 2018)
involves asking critical questions about the author, the author’s exper-
tise, potential biases, and the context in which the information was
produced. Multiple document literacy has expanded on these skills to
navigating, interpreting, and synthesizing the content of various texts,
combining source with content knowledge (Rouet & Britt, 2011). More
recently, lateral reading (Wineburg & McGrew, 2019) has emerged as
a strategy tailored for assessing the credibility of online information.
Developed by observing professional fact-checkers, lateral reading in-
volves leaving the site of the original text to cross-check the source
against information from other websites, rather than focusing on the
text content.

Individual differences, including prior knowledge, beliefs, motiva-
tion, and cognitive abilities, may predict individuals’ source credibility
assessment skills (as reviewed for multiple document literacy by An-
markrud, Bréten, Florit, & Mason, 2022). For example, readers with
more prior knowledge of content — whether from formal education
or life experience — are better equipped to critically engage with
claims, making it easier to identify biases or false information (List,
Grossnickle, & Alexander, 2016).

In the present study, we are interested in reviewing the effectiveness
of source credibility assessment interventions following the different
approaches described. We conduct a meta-analysis to evaluate the
overall effectiveness of these interventions in fostering source cred-
ibility assessment skills. By synthesizing findings across studies, this
research seeks to uncover how source credibility assessment skills can
be effectively taught to support individuals in navigating the challenges
of today’s information landscape.
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3. Conceptualizations of source credibility assessment in different
research fields

In the following, with a “concept” in the context of source cred-
ibility assessment research, we mean a theoretical concept (e.g., the
outline of lateral reading by Wineburg & McGrew, 2019). We use the
term “intervention” for its practical implementation (e.g., Fendt, Nistor,
Scheibenzuber, & Artmann, 2023; Wineburg et al., 2022), “skills” for
the (internal) skills taught and “strategies” for the actual practical
actions to assess source credibility. That means, built on a concept,
an intervention attempts to teach people the skills they can apply as
strategies.

Initial research on source credibility assessment mostly stems from
persuasion, information and communication, as well as literacy and
discourse research (as reviewed by Brante & Strgmsgp, 2018). How-
ever, since fostering source credibility assessment skills often involves
expert guidance, for example, in training sessions, there is a growing
body of research on source credibility assessment that is grounded in
pedagogy (e.g., Barzilai & Ka’adan, 2017; Wineburg et al., 2022).

Persuasion research distinguishes between source trustworthiness
(i.e., honesty and reliability) and expertise (i.e., perceived knowledge
or competence), which affect persuasion episodes (Braten, Stadtler, &
Salmerén, 2018; Pornpitakpan, 2004). Other models have explored
more dimensions like perceived goodwill or source attractiveness,
which encompasses features like similarity, familiarity, and likabil-
ity (Eisend, 2006; McCroskey, 1966; Ohanian, 1990). Persuasion re-
search models describe how individuals process persuasive messages
and make decisions. Two influential models, the Heuristic-Systematic
Model (Chaiken, 1987) and the Elaboration Likelihood Model (Petty
& Cacioppo, 1986), outline two routes that individuals can take in
persuasion episodes and often share a common idea: One route of
active, motivated investigation and another of passive, unmotivated re-
ception. When individuals are highly motivated and have the cognitive
ability to process the message, they are more likely to scrutinize the
source and other message characteristics (Petty & Cacioppo, 1986; Petty
& Wegener, 1999). On this deliberate route, individuals analytically
process and deeply engage with the content (Chen & Chaiken, 1999).
If people are not motivated or distracted, they choose a fast heuristic
route based on cognitive shortcuts and low-effort judgment of source
characteristics. These peripheral, superficial cues include the perceived
credibility, likability, authority or attractiveness of the source, rather
than the content of the message or meaningful but more effortful
features.

Literacy and discourse research focuses on the interplay between un-
derstanding source features and content. Studies indicated that knowl-
edge about the source of a text, mainly the genre, the intention of
the author, and the publishing year, influences the way students ap-
proach its content (Zwaan, 1994). Readers can attribute conflicting
perspectives to different sources, which helps them actively evaluate
the trustworthiness of each source and resolve the conflict to form a
coherent understanding of the issue (Braasch, McCabe, & Daniel, 2016;
Britt, Richter, & Rouet, 2014; Stadtler & Bromme, 2014). While there
are several unique models in this research strand, the documents model
framework (Britt, Perfetti, Sandak, & Rouet, 1999; Perfetti et al., 1999)
is among the most influential, conceptualizing two levels of cognitive
representation for understanding complex situations such as conflicting
sources: the integrated mental model and the intertext model. The inte-
grated mental model reflects connections across the semantic content of
multiple texts, identifying key ideas, areas of agreement, and points of
disagreement. The intertext model involves cognitively representing the
source features of each text, such as document authorship, publication
date, and genre, as “document nodes”. The source features are then
linked to specific content and to each other to reflect relationships
between the sources, such as agreement or conflict. Additionally, not
only the main sources (i.e., individual document sources) but also the
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main references of those documents should be assessed (Britt & Rouet,
2012; Stromsp, Braten, Britt, & Ferguson, 2013).

Information and communication research has paid particular attention
to readers’ perceptions of source credibility. In line with behavioral
models of human motivation, achievement, and behavior such as the
expectancy-value theory (Wigfield & Eccles, 2000), readers pay more
attention if they expect the personal impact of the content to be greater.
With the vast amount of information available online, individuals
are often faced with information overload, which can make source
credibility assessment and finding important information more diffi-
cult (Kozyreva, Wineburg, Lewandowsky, & Hertwig, 2023). Therefore,
similar to the Elaboration Likelihood Model (Petty & Cacioppo, 1986),
only few would even undertake the effort to check the source, unless
they are motivated or incentivized to do so (Metzger, 2007; Pennycook
& Rand, 2019).

Metzger, Flanagin, and Medders (2010) identified five traditional
criteria for evaluating online information: Accuracy (i.e., the degree
to which a source is error-free), authority (i.e., the expertise of the
author), objectivity (i.e., the degree to which it is fact or opinion),
currency (i.e., how up-to-date the information is), and scope (i.e., the
comprehensiveness of the source’s information). In addition to tradi-
tional criteria, Metzger identified social and heuristic cues to cred-
ibility: Users tend to trust more reputable (i.e., familiar names and
sources), endorsed (i.e., number of likes on social media), and self-
confirmatory (i.e., consistent with a person’s prior beliefs) sources,
while expectancy violating and persuasive (e.g., advertising) sources
are deemed less credible.

Among other relevant models in this line of research, the main
model of Sundar (2008) focuses on the structural features that trigger
heuristics that influence users’ credibility judgments: modality of how
the information is presented (e.g., audio, text, video), agency of the
information source, interactivity or the degree to which users can serve
as both source and receiver of information, navigability or the ease of
locating relevant information. For example, showing appreciation for
content in likes would trigger an engagement heuristic in users and
more liked content would then be perceived as more trustworthy.

Educational research has contributed insights on instructional com-
ponents and ideal guidance to foster source credibility assessment skills.
Recent studies (e.g., Fendt et al., 2023; Wineburg et al., 2022) found
that scaffolding, which is an instructional support to help learners
acquire new skills, provides a substantial benefit to learning source
credibility assessment. Furthermore, educational research can support
source credibility assessment through fostering metacognition, which
encompasses being aware of one’s own cognitive abilities, their limita-
tions, and the learning process (Barzilai & Ka’adan, 2017).

4. Different approaches to source credibility assessment interven-
tions

A range of interventions has been developed and evaluated to
foster source credibility assessment. We trace them mainly to four
common, partially overlapping research fields as well as models and
instructional approaches derived from them: Sourcing (e.g., Hamalai-
nen, Kiili, Marttunen, Riaikkonen, Gonzélez-Ibafiez, & Leppanen, 2020;
Kammerer, Amann, & Gerjets, 2015; Macedo-Rouet, Braasch, Britt, &
Rouet, 2013), historical reasoning (e.g., De La Paz, 2005; Nokes, 2014;
Reisman, 2012), multiple document literacy (e.g., Delgado, Stang Lund,
Salmerdn, & Braten, 2020; Griffin, Jaeger, Britt, & Wiley, 2024; Sonia
et al., 2022), and the recently described lateral reading (e.g., Brodsky,
2022; Fendt et al., 2023; Moore & Hancock, 2022).

Although the different source credibility assessment approaches
often show partial conceptual overlap, we aim to categorize distinct
approaches to empirically compare their effectiveness. We use the
following definitions: Historical thinking (Wineburg, 1991) is the pro-
cess of analyzing source credibility, similar to historians, by source
(sourcing), context (contextualization), and content (corroboration).
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Sourcing (Bréten, Stadtler, & Salmer6n, 2018) is the process of iden-
tifying who created a document, when, where, and for what purpose,
in order to assess its reliability, perspective, and potential bias. Multiple
document literacy (Anmarkrud et al., 2022) is the ability to understand,
interpret, and synthesize information from a variety of documents
or sources, which often requires weighing differing perspectives and
evidence. Lateral reading (Wineburg & McGrew, 2019) is a structured
approach similar to sourcing that aims to mostly disregard context and
content to judge source credibility mainly based on third-party verdicts.

4.1. Historical thinking

One of the first advances to describe a structured source credibil-
ity assessment approach, historical thinking, was made by Wineburg
(1991). Contrary to traditional rote learning of history, which often
emphasized memorizing dates and events over critically engaging with
sources, the approach revolves around teaching students to approach
historical texts with a critical mindset. Wineburg found that expert
historians often engaged critically with sources via sourcing, contex-
tualization, and corroboration to assess the reliability of historical
documents. Thus, historical thinking requires considering the context
in which documents were created, the perspectives they represent, and
the evidence they provide. These skills allow historians to construct
a nuanced understanding of historical events by critically evaluating
the origin, context, and consistency of information across multiple
documents.

Wineburg (1991) described the three strategies sourcing, corrobo-
ration, and contextualization. Sourcing involves looking at the source
information of a document to judge the credibility of its content (de-
scribed in detail in the next section). Corroboration means comparing
and connecting the information from different texts to find contradic-
tions and similarities and make a more objective judgment (Nokes,
Dole, & Hacker, 2007). Contextualization is defined as imagining the
context in which the document was written (e.g., historical, politi-
cal, geographical) to infer the lens through which the author viewed
the events they described (De La Paz, Felton, Monte-Sano, Croninger,
Jackson, Deogracias, & Hoffman, 2014).

Interventions designed to promote historical thinking have shown
promising results. A curriculum by Reisman (2012) has been widely
used in history education to foster critical engagement with historical
documents. Burnett and Cuevas (2023) successfully taught historical
reasoning strategies to elementary school students. VanSledright (2002)
highlights that students who receive explicit instruction on histori-
cal thinking seem more able to assess the credibility of historical
documents and construct coherent historical narratives.

4.2. Sourcing

Sourcing specifically refers to the practice of examining the meta-
characteristics of a source, such as who created the document, when,
and for what purpose (Braten, Stadtler, & Salmerén, 2018). It builds
on the critical analysis of historical thinking to encourage students
to go beyond the content and consider author motivation and cred-
ibility. Sourcing involves attending to, representing, and evaluating
a document’s origin, purpose, and context with the aim of assessing
its credibility. While the definition of sourcing does not strictly in-
clude content evaluation, sourcing intervention often include a form
of content investigation (e.g., Marten et al., 2025).

There is a notable body of research that has been reviewed sev-
eral times: Brante and Strgmso (2018) conclude in their review that
sourcing interventions are particularly effective at the secondary and
post-secondary levels (e.g., Britt & Aglinskas, 2002; Pérez, Potocki,
Stadtler, Macedo-Rouet, Paul, Salmer6n, & Rouet, 2018; Wiley et al.,
2009), while the effectiveness of interventions at elementary schools
might be limited due to students’ development of reflective think-
ing (e.g., Kuiper, Volman, & Terwel, 2009). Other reviews emphasize
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the role of motivation and personal relevance to engage in sourcing,
with motivated students experiencing higher and sustained learning
gains (Anmarkrud et al., 2022; Braten, Brante, & Stromsg, 2018).
Notably, some interventions have also been adapted for digital environ-
ments, like Delgado et al. (2020), where users must navigate conflicting
sources and assess the credibility of multiple hypertext documents.

4.3. Multiple document literacy

Multiple document literacy is the ability to navigate, interpret,
and synthesize content from various texts, attending not only to the
sources but also to content comprehension (Rouet & Britt, 2011). It is
grounded in the idea that individual documents are likely biased and
require individuals to critically evaluate the differences in how various
sources represent the same information. This idea makes the skill
particularly important in contexts where information is dispersed across
various sources (Anmarkrud, Braten, & Strgmsg, 2014). Like historical
thinking and sourcing, multiple document literacy helps people become
more discerning readers by encouraging them to evaluate not only
the content of documents but also the contexts in which they were
produced.

Several studies have supported the efficacy of multiple document
literacy interventions (e.g., Barzilai, Mor-Hagani, Zohar, Shlomi-Elooz,
& Ben-Yishai, 2020; Braten, Brandmo, Ferguson, & Strgmsg, 2022).
For example, Griffin et al. (2024) found that students trained in mul-
tiple document literacy better synthesized and integrated informa-
tion from multiple documents, leading to better overall comprehen-
sion and critical thinking skills. Furthermore, addressing text con-
tent (Stadtler & Bromme, 2014) and providing scaffolding materi-
als (Braten, Anmarkrud, Brandmo, & Stromsg, 2014) can further boost
the effectiveness of source credibility assessment interventions.

4.4. Lateral reading

Wineburg and McGrew (2019) followed up on Wineburg's initial
study on historical thinking almost three decades later — after the shift
from an almost exclusively offline to an online information society —
to determine the skills needed to judge the credibility of online sources.
Contrary to the findings on historical thinking, fact-checkers almost
completely disregarded the content of online news articles to engage in
a structured search on the credibility of the author and the news outlet.
This strategy allowed them to identify misleading information more
quickly and accurately than traditional vertical reading approaches.
Unlike traditional reading strategies, which involve carefully analyzing
a single document in isolation (a practice known as vertical reading),
lateral reading encourages students to leave the document and seek
out additional information from other sources. This method emphasizes
cross-referencing information across multiple documents and websites
to assess the credibility of the original source.

Wineburg et al. (2022) argue that, in times of digesting online in-
formation in an interconnected web of information, studies on multiple
documents cut short on ecological validity of our everyday information
environment. Unlike the multiple document paradigm, lateral read-
ers ignore most irrelevant sources to cope with the endless stream
of Internet information. Also, the goal of lateral reading is finding
credible information, while the multiple source paradigm focuses on
building disciplinary knowledge. However, both paradigms focus on
investigating the source to analyze its credibility.

As reviewed by McGrew (2024), lateral reading interventions have
proven highly effective in helping students navigate the digital land-
scape in formal contexts like school curricula (e.g., Brodsky, Brooks,
Pavlounis, & Johnston, 2023; Wineburg et al., 2022) and informal
contexts (Fendt et al., 2023).

Overall, the research fields on different source credibility approaches
often overlap, have been forked off from older approaches or may
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eventually merge again. Historical thinking can be seen as a foun-
dational approach, as early work by Wineburg (1991) established
core principles of sourcing, contextualization, and corroboration across
multiple documents. Building on this foundation, multiple document
literacy emphasizes the cognitive processes required to comprehend,
integrate, and evaluate information from multiple, often conflicting,
texts (Britt et al.,, 1999). While distinct, it shares historical thinking’s
core requirement of working with more than one source. Sourcing, in
turn, often isolates and deepens this specific component from historical
thinking, applying it to a broader range of contexts beyond history (e.g.,
De La Paz et al., 2014; Lescarret et al., 2024). Thus, historical thinking,
multiple document literacy, and sourcing are not entirely discrete; they
represent a family of related practices with a shared lineage.

In contrast, lateral reading is a more recent and distinct approach,
developed specifically for navigating the online information landscape
by adapting historical thinking’s contextualization and sourcing prin-
ciples while de-emphasizing corroboration (Wineburg et al., 2022).
However, even this distinction may be blurring, as recent evidence
suggests lateral reading interventions are enhanced by incorporating
elements of content assessment (Fendt, Scheibenzuber, Edelsbrunner,
& Nistor, 2025). For this paper, we regard lateral reading as a dis-
tinct approach that needs further research but investigate whether the
other three approaches — historical thinking, sourcing, and multiple
document comparison — lead to comparable or different effects.

5. Individual differences predicting source credibility assessment

Individual differences such as motivational aspects, prior knowl-
edge, beliefs, cognitive abilities, and demographics predict variation
in source credibility assessment. In a systematic review of 72 multiple
document comparison studies, Anmarkrud et al. (2022) concluded that
individual differences may play an important role in interventions
aimed at fostering source credibility assessment. While the review
highlights that participants may need basic prior knowledge to benefit
from interventions, the relationships between individual differences
and intervention effects vary considerably depending on the topic and
the way in which skills are measured. These individual differences
may influence how learners engage with source credibility assessment
tasks and ultimately affect their ability to critically evaluate sources.
Individuals with high personal or extrinsic motivation may be able
to compensate for difficulty spikes (i.e., moments when the cognitive
demands of a task temporarily and often unexpectedly increase) more
easily, while learners with more prior knowledge may find it easier to
familiarize themselves with new content in this area (as conceptualized
by Britt, Rouet, & Durik, 2018; Panizza et al., 2022).

Demographic influences (e.g., age, gender, and educational level) on
learning have also been investigated extensively (Martin, Sun, & West-
ine, 2020). For example, the long-standing idea that citizens who grew
up in a world with digital technologies might find it easier to adapt to
new technologies could not be confirmed in recent research (Peng &
Yu, 2022). Furthermore, different countries might emphasize critical
thinking, source evaluation, and media literacy to different extents
in their national curricula. For example, in countries that focus on
rote memorization, students might be less familiar with critical eval-
uation skills (e.g., McBride, Xiang, Wittenburg, & Shen, 2002; Nielsen,
Martinez-Garcia, & Alastor, 2021).

In their MD-TRACE model, Macedo-Rouet et al. (2013) conceptu-
alized the role of individual differences as permanent internal sources,
which include reading skills, prior knowledge on the topic, and working
memory. These internal cognitive resources enable readers to process
information more effectively and engage in source credibility assess-
ment by drawing on their understanding of the subject and cognitive
capabilities. Prior knowledge equips individuals with a framework to
analyze information critically, allowing them to adopt a more ana-
lytic and evaluative stance, especially when it comes to scrutinizing
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claims. List and Alexander (2017) further argue that prior knowl-
edge helps readers take an analytic-critical stance by connecting new
information with existing knowledge, making it easier to assess the
credibility of information and sources. Limited prior knowledge might
result in higher cognitive load because students would not only have
to learn the respective source credibility assessment skills but also
partially gather knowledge about the topic of the texts.

6. Intervention characteristics

Characteristics of the learning environment, especially the length,
the learning setting, the student-instructor ratio, and digital or in-
person settings, might also explain variation in intervention effective-
ness.

Shorter interventions, such as one-day workshops or single-session
training (e.g., Griffin et al., 2024; Lee, Moore, & Hancock, 2024; Muis,
Denton, & Dubé, 2022), can be flexibly integrated into most learning
settings and may be effective for introducing basic source credibility
assessment approaches. This flexibility is maximized by automated
interventions in which participants receive prompts, videos, or reading
materials (e.g., Axelsson & Nygren, 2024; Fendt et al., 2023; Kim &
Hannafin, 2016; Lee, 2021; Lescarret et al., 2024; Ulyshen, Koehler, &
Gao, 2015). However, these interventions cannot provide learners with
extensive topic knowledge and may need to be reinforced by follow-up
practice for sustainable learning effects. Longer interventions, such as
multi-week courses or year-long curricula, may offer the opportunity
for more sustained and transferable learning outcomes (e.g., De La Paz,
Monte-Sano, Felton, Croninger, Jackson, & Piantedosi, 2017; Nokes
et al., 2007; Reisman, 2012).

Longer interventions can often be embedded more easily in struc-
tured, formal learning settings, such as in schools or universities. These
contexts also often provide the opportunity for better instructional
guidance (Brooks, 2011). Informal settings, for example in open on-
line courses or youth welfare institutions, might provide increased
flexibility and independence from school laws (Hoekstra, Beijaard,
Brekelmans, & Korthagen, 2007; Johnson & Majewska, 2022). Partic-
ipation in informal learning activities is often voluntary, which might
increase motivation, but can also result in a self-selection bias (Degner,
Moser, & Lewalter, 2022). Different learning settings also often feature
a diverse student—instructor ratio, affecting the amount of individual
attention and feedback each student receives (Blatchford, Bassett, &
Brown, 2011; Finn, Gerber, & Boyd-Zaharias, 2005). While in small-
group settings, instructors can provide more personalized guidance and
feedback, larger groups tend to be more cost-effective.

While most school settings are predominantly analog, digital learn-
ing environments might offer learners more flexibility to engage in
self-guided learning at their own pace (Tomasik, Helbling, & Moser,
2021). Digital settings can profit from various digital technologies,
such as quizzes, multimedia content (e.g., Martini et al., 2025), digital
tools for information search (e.g., Stadtler & Bromme, 2008), or serious
games (as demonstrated by Barzilai et al., 2023). Furthermore, more
open learning and testing environments provide more ecological valid-
ity, which increases the chance that learners transfer and use the skills
in their everyday lives (as argued by Wineburg et al., 2022). However,
digital interventions may be less effective for learners who struggle
with digital literacy or who lack access to reliable Internet access and
technology (Tang & Chaw, 2016).

7. The current study

The aim of the present study is to conduct a meta-analysis on
interventions targeted at fostering source credibility assessment. Prior
reviews have made valuable contributions to our understanding of this
field, but each has specific limitations. Brante and Strgmsg (2018)
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provided a general discussion of source credibility assessment inter-
ventions but lacked quantitative synthesis of intervention effects. An-
markrud et al. (2022) focused primarily on individual differences pre-
dicting source credibility assessment without systematically examining
intervention effectiveness. McGrew (2024) conducted a qualitative re-
view specifically of lateral reading interventions, but not other source
credibility assessment approaches.

To the best of our knowledge, no meta-analysis of lateral read-
ing has been conducted, nor has there been a comprehensive effort
to categorize or a quantitative analysis comparing the effects of the
four source credibility assessment approaches. Consequently, struc-
tured meta-analytic evidence on the overall effectiveness of source
credibility interventions, as well as the moderating effects of interven-
tion characteristics and individual differences, is still missing.

We address this gap meta-analytically and compare the effects of
source credibility assessment approaches stemming from different re-
search fields (historical thinking, sourcing, multiple document literacy,
lateral reading). We aim to provide insights into which conditions
work best to increase the effects of source credibility assessment in-
terventions. As moderator variables potentially explaining variability
in effect sizes, we assess the role of individual differences, (sample
country, age, gender composition, educational level) and intervention
characteristics (source credibility assessment approach, source-content,
learning setting, intervention length, mode of delivery, digital tech-
nologies during the intervention, student—instructor ratio, intervention
type, instructional support) on the intervention effectiveness, as well as
several other study characteristics (type of dependent variable, type of
control group, publication type, year, experimental design). We seek to
answer the following questions:

RQ1: Is there an overall meta-analytic effect of source credibility
assessment interventions in comparison to control conditions?

In addition, we inspect publication bias to estimate to which degree
the estimated meta-analytic effect might be distorted by such bias and
to estimate a bias-corrected estimate.

RQ2: How much heterogeneity do we find in the efficacy of source
credibility assessment interventions?

RQ3: Which moderator variables can explain heterogeneity in effect
sizes between studies?

We expect an overall moderate effect of interventions to foster
source credibility assessment, in line with previous reviews (Anmarkrud
et al, 2022; Brante & Strgmsg, 2018; McGrew, 2024). The review
by Anmarkrud et al. (2022) identifies effects of individual differences in
source credibility assessment. There is also a considerable, although not
specific to source credibility assessment, body of research on the effect
of intervention characteristics on learning outcomes (e.g., Johnson &
Majewska, 2022; Tomasik et al., 2021). We therefore expect moderat-
ing effects of individual differences and intervention characteristics on
source credibility assessment interventions.

8. Method

This meta-analysis follows the PRISMA guidelines (Page et al.,
2021). The pre-registration of the research questions, search strategy,
data extraction, and analyses (https://osf.io/2qatd) as well as supple-
mentary materials including the dataset, survey files, coding schemes,
and analysis script can be found on https://osf.io/u3bhv. This meta-
analysis did not involve direct data collection from human participants
and therefore did not require approval from an ethics committee.

8.1. Search strategies

We employed three strategies to find eligible studies. An overview
over the study selection procedure can be found in Fig. 1. First, we
used the metasearch engine EBSCOhost to search scientific databases
(Academic Search Complete, ERIC, APA PsycInfo, APA PsycArticles,
OpenDissertations) for studies published before March 2025 (search
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Fig. 1. Study selection procedure.

conducted on March 1, 2025). The search terms (in title, abstract,
keywords or full text) were informed by reading the articles of key
studies published within the different fields concerned with source
credibility assessment (i.e. Anmarkrud et al., 2022; Brante & Stromsg,
2018; McGrew, 2024; Scharrer & Salmerén, 2016). The search terms
were: “lateral reading” OR “read* lateral*” OR “civic online reasoning”
OR sourcing OR “multiple document literacy” OR “multiple document
comprehension” OR “‘source evaluation” OR “digital literacy interven-
tion”. We also included “effect” OR “control group” OR experiment*
to focus on controlled experimental studies. We considered the term
“source credibility”, but dropped it, because most search results fo-
cused on features of credible sources, rather than fostering skills, and
no additional studies met our inclusion criteria.

Second, we searched the references of literature reviews and eligible
studies we found in step 1 for more eligible studies. Third, to include
gray literature, we contacted each corresponding author and, if they
did not provide valid contact details, the first author of each eligible
study and asked for unpublished studies that met our inclusion criteria.
After removing duplicates, 915 articles were included in the abstract
and full-text screening.

8.2. Eligibility criteria

We selected studies based on the following criteria:

Source credibility assessment intervention. Eligible studies had to focus
on fostering participants’ ability to correctly identify the credibility of
sources. That is, studies that feature exclusively on assessing claims,
often also called fact-checking were not included (for a meta-analysis
on fact-checking interventions, we recommend Walter, Cohen, Holbert,
& Morag, 2020). While other professions feature different understand-
ings of sourcing (e.g., a way to find rich resources for production),
we specifically focused on a pedagogical/psychological definition: As
stated before, we define source credibility assessment as evaluating the

credibility of a text using and crosschecking available first-hand and
second-hand information about the source and its meta-characteristics.
The studies also had to feature an intervention that we neither re-
strained in length nor intensity. Thus, the interventions could be as
short as nudging prompts to check source credibility (as commonly
found in misinformation research), a short self-directed training, or
week-long curricula.

Controlled experimental study. This meta-analysis aims at drawing causal
inferences on the effect of interventions on participants’ source credi-
bility assessment skills. The studies had to feature an experimental or
quasi-experimental design with at least one treatment and one control
condition. The treatment condition had to actively focus on checking
the source’s credibility, whereas this was not the case in the control
condition. Studies without a control group or without an intervention
(e.g., studies on participants’ untrained abilities to identify information
credibility) were excluded from the analysis.

Effect sizes and language. Only studies in English were considered for
the analysis. Furthermore, the studies had to sufficiently report the data
to compute the effect sizes (e.g., descriptive statistics with means, group
sizes, and standard deviation or effect sizes).

8.3. Coding procedure

The coding scheme was developed based on our expertise and
theoretical assumptions in the field and refined after every round of
coder training, based on a discussion of the coders. First, the first author
and three apprentice coders coded the eligibility of the studies with
a 20% overlap, reaching unanimous agreement on which studies to
include, but still discussing any uncertainties.

Second, for the coder training, 20% of the studies were double-
coded (similar to Edelsbrunner, Simonsmeier, & Schneider, 2025; Patzl,
Oberleiter, & Pietschnig, 2024), reaching an initial interrater agreement
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of Gwet’s AC1 = .87, 95% CI [.84, .89] (an interrater reliability in-
dex more precise and versatile than Cohen’s Kappa, see Gwet, 2014).
Some of the disagreements could be attributed to spelling mistakes
and excluding those resulted in Gwet’s AC1 = .91, 95% CI [.90, .94].
Following the best practice suggested by Hammer and Berland (2014),
the coders used disagreements in their coding as indicators of where
their concepts of the data misaligned to discuss rules that ensured a
shared understanding.

For instance, the raters disagreed on the sample size in Axelsson
and Nygren (2024) because the apprentice coders counted the overall
sample, whereas the expert coder summed the included groups. This
discrepancy was resolved with a rule to report the sample size as
the sum of all included groups. In other cases, codes slipped into the
wrong column, resulting in a rule that the expert coder would perform
plausibility checks on all data and try to code any missing data. Minor
issues, such as reporting a different number of digits, were solved by
agreeing to always use the exact number provided by the authors of
the papers. After that, the four coders coded the studies independently
but discussed any uncertainties while examining the respective coding
together.

8.4. Variables

We coded each dependent variable representing an outcome re-
lated to source credibility. We considered search behavior (skills to
effectively search for meaningful sources), reasoning skills (the ability
to logically analyze the credibility of sources/content), source knowl-
edge (knowledge about sources and source features), and credibility
judgment (judgment of the credibility of the source).

As moderators, we coded control variables (type of dependent vari-
able, type of control group, publication type, year, experimental de-
sign), participant characteristics (sample country, age, gender com-
position, educational level), and intervention characteristics (source
credibility assessment approach, source-content, learning setting, in-
tervention length, mode of delivery, digital technologies during the
intervention, student—instructor ratio, intervention type, instructional
support).

The type of the dependent variable encompassed the study outcomes
related to source credibility assessment described above: credibility
judgment, reasoning skills, search behavior, and source knowledge.
For example, Fendt, Scheibenzuber, et al. (2025) measured credibility
judgment (i.e., distinguishing between credible and unreliable sources)
in a source credibility test. In this test, participants rated the cred-
ibility of 3 credible and 3 untrustworthy sources. We coded this as
credibility judgment. Mason, Moe, Tornatora, and Ronconi (2022)
had participants write an essay about source credibility and judged
whether they considered and weighed the conflicting perspectives of
both provided sources and their limitations. We coded this as reasoning
skills. Marten et al. (2025) checked participants’ corroboration using
multiple-choice questions about location, time, originator, and event
in a screenshot. These questions were arranged so that participants
could answer more questions, if they corroborated more thoroughly
and engaged in a structured search procedure. We coded this as search
behavior. Marten and Stadtler (2025) asked participants to write down
all options for evaluating an imaginary claim on the Internet within
5 min and coded mentions of sourcing and corroboration. We coded
this as source knowledge.

The type of control group was coded as instructed (e.g., regular
lessons or contents other than source credibility assessment), wait-
ing control (received intervention after undergoing pre-/post-measure-
ments), and passive control (filling out tests but receiving no instruc-
tion).

The publication type was coded as article for studies published in
scientific journals, thesis for work written to obtain an academic degree
that was not published elsewhere, and manuscript for any study that
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was not yet published. The publication year was coded as provided by
the publisher.

The experimental design was coded as experimental vs. quasi-exper
imental, as indicated in the studies. In several studies the authors
described that they assigned full classrooms to different conditions,
which we coded as quasi-experimental.

The country was coded by the international country code. The
participant age was extracted from the reported average participant age
in the studies. The gender composition was calculated as the percentage
of female and non-binary participants in the overall sample to include
non-binary participants — a group that would have otherwise been too
underrepresented in the studies for statistically meaningful analyses.
For a robustness check, we also clustered non-binary participants with
male participants. Educational level was also used as an indicator of
prior knowledge and coded as primary education, secondary school
qualification, university entrance qualification, university students, and
graduates.

The source credibility assessment approach was coded as sourcing,
lateral reading, multiple document literacy, and historical thinking (see
section “Different approaches to source credibility assessment inter-
ventions” for definitions and detailed descriptions of the approaches).
When an intervention did not explicitly mention a specific source
credibility assessment approach, we analyzed the features disclosed in
the paper and categorized the intervention according to our definitions.

We coded the source-content focus of the interventions based on
their descriptions in the studies. Interventions that promoted claim
investigation, corroboration, or any other form of content evaluation
were classified as focusing on both source and content. Since a focus
on sources was a prerequisite for inclusion in this meta-analysis, all
included interventions inherently addressed source evaluation.

The learning setting was coded as school, university, and informal.
The length of the intervention was coded in minutes. The mode of delivery
was coded as digital, analog, and hybrid (i.e., a mix of the former two).

The digital technologies during the intervention were coded to in-
dicate the support by digital tools during the intervention. None was
coded if no use of digital technology was indicated. Multimedia was
coded if the authors indicated using audio or video. Limited websites
were either mock websites or only contained a limited set of click-
able links to keep participants in a controlled environment. E-learning
platforms (e.g., Moodle) were similar to limited websites with the
addition of more interactive elements like exercises, forums, or learning
journals. The open Internet was coded if participants could actively
engage in unrestricted open web searches.

Student-instructor ratio was coded to indicate how many learners a
trainer was responsible for. High for more than 40 students per trainer,
commonly found only in massive (online) courses. Medium was 5 to 40
students per trainer, which would encompass most classroom settings.
low was coded for less than 5 students per trainer, indicating a smaller
ratio than classes and seminars, nearing a 1-to-1 setting. We also coded
none for interventions that involved no human trainers, for example in
a fully self-guided reading intervention.

Instructional support was coded as static for any type of non-individu
alized support, for example videos or reading materials, while dynamic
was coded for all types of tailored support, such as human support,
adaptive online environments, etc.

The intervention type was coded to indicate the overall idea of how
the information was taught. A curriculum spanned multiple training
sessions, usually over several weeks, and often took place in schools and
universities. One-time training could often be found in informal settings,
such as a short online course for elderly people. Passive reception of
media would include any kind of passively watching a video, listening
to an audio file, or reading a nudging prompt without cognitively
activating participants by encouraging practice or providing active,
tailored guidance.
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8.5. Analysis

We followed the procedure described by Borenstein, Hedges, Hig-
gins, and Rothstein (2009) for effect size calculation and moderator
analysis. We gathered the data of the main statistical values and
the moderators in an Excel sheet. We then used the metafor pack-
age (version 4.8, Viechtbauer, 2010) in R (version 4.5) to calculate
the corrected effect sizes (Hedges g), for effect aggregation, and to
implement metaregression models (Hunter & Schmidt, 2004).

To examine research question 1 (overall effectiveness), we followed
two approaches. First, we calculated a three-level meta-analytic model
via hierarchical linear modeling (Raudenbush & Bryk, 2002) because
multiple studies reported more than one effect. In this model, we
examined sampling variance at level 1 (i.e., variance due to studies
only collecting samples from the entire population), level 2 (i.e., the
variance 7> between different effects within the same study), and level
3 (i.e., the variance 62 between different studies). We used random-
effects models in which the effect sizes could vary between the effects
and studies. Following Chernikova et al. (2020), we also implemented a
second model to examine the robustness of the meta-analytic effect size.
Specifically, a part of the reviewed studies reported pre-test differences
between intervention and control conditions in addition to post-test
differences. In the second model, we only included these studies, con-
trolling for prior differences between conditions by subtracting the
pre-test differences from the post-test differences.

To address publication bias, we present a funnel plot, calculate
Egger’s test, and apply the trim and fill procedure. We also used
PET-PEESE (Stanley & Doucouliagos, 2014) to test for small-study
effects (i.e., if smaller studies report larger effect sizes). PET (Precision-
Effect Test) regresses effect sizes on standard errors to test for bias,
while PEESE (Precision-Effect Estimate with Standard Error) refines
estimates using variance. If PET is nonsignificant, PEESE provides the
corrected effect size. To identify p-hacking, we employed a z-curve
analysis (Barto§ & Schimmack, 2022). This method provides informa-
tion on the expected replication rate (i.e., the predicted success of exact
replication studies) and expected discovery rate (i.e., the estimated
proportion of the statistically significant results out of all findings). We
chose this method because it provides fairly robust results for meta-
analyses with considerable heterogeneity. We also used leave-one-out
analyses to investigate the stability of summary effect calculations by
leaving out a different effect for each recalculation and averaging the
results. Substantial numerical changes in the summary effect estimates
may suggest that certain effect sizes exert a distorting influence on
the overall summary effect. We also calculated Cook’s distance to
assess the influence of individual studies on the overall results of the
meta-analysis (Viechtbauer & Cheung, 2010).

To examine research question 2, which concerned heterogeneity in
effect sizes, we used the Q statistic to assess whether and to what extent
there was variance beyond the expected sampling errors. We also report
I? (the estimated overall proportion of observed variation in effect sizes
due to systematic study differences beyond sampling error), 7% (the
explained variance within studies), o> (the explained variance between
studies), and prediction intervals to quantify how much variation would
be expected in replication studies from the same overall population
of studies (Edelsbrunner et al., 2025; IntHout, Ioannidis, Rovers, &
Goeman, 2016).

Research question 3 concerns potential moderating variables of
the average meta-analytic effect. We included control variables (type
of dependent variable, type of control group, publication type, year,
experimental design), participant characteristics (sample country, age,
gender composition, educational level), and intervention character-
istics (source credibility assessment approach, source-content, learn-
ing setting, intervention length, mode of delivery, digital technologies
during the intervention, student-instructor ratio, intervention type,
instructional support) in separate metaregression analyses. To avoid
multicollinearity, we included each moderator in a separate model
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with robust estimation to assess their effects separately (following
the procedure of Patzl et al., 2024). We then compared the levels of
categorical moderators and conducted single linear precision weight
meta-regressions for continuous moderators (e.g., age, gender compo-
sition).

For statistical inference, we use a 10% Alpha error level to prevent
increased Beta-/type Il-error frequency, 95% confidence intervals, and
95% prediction intervals.

9. Results

We included 60 articles (see https://osf.io/69jsa) published be-
tween 2002 and 2025 that yielded 64 eligible studies (i.e., independent
samples that neither overlapped nor shared the same control group).
From these 64 studies, we extracted 246 effect estimates, representing
different outcomes. The total number of participants across all studies
was 17,120, of which 59.2% were female and 0.6% non-binary. The
majority of the studies focused on sourcing (23), followed by multiple
document literacy (20), lateral reading (14), and historical reasoning
(7). Half of the studies featured adolescent participants (32), followed
by adults (24), and children (8). This is reflected in the average age
of the study participants, which ranged from 9.76 to 45.50 years. The
samples were from the US (24), Germany (10), Israel (9), Norway
(3), Italy (3), France (3), Taiwan (2), Canada (2), Finland (2), the UK
(2), Argentina (1), the Netherlands (1), Spain (1), and Sweden (1) —
meaning that the vast majority of studies were conducted in Western
countries.

The majority featured a one-time training (31) or curricula (27),
with only a few passive reception interventions (6). Most interventions
took place at schools (39) or universities (20), while only few were
conducted in informal learning settings (5). The average intervention
length was 440.02 min (SD = 1,065.26, Md = 90, range = 5-5400) over
an average of 4.85 intervention dates (SD = 9.66,Md = 1,5,range =
1-60). The control groups in most studies were instructed (41) or
passive control groups (21), with only two waiting control groups.
Almost all studies were published articles (59), with only few un-
published manuscripts (3), and theses (2). There were slightly more
quasi-experimental (36) than experimental studies (28). Most interven-
tions were delivered in person (44), with only a minority of digital (12)
or hybrid interventions (6) and two unclear settings. Most interventions
had a medium student—instructor ratio (32) or no human trainers (16),
with only 6 studies featuring a high and 2 a low student-instructor
ratio (student-instructor ratio in 8 studies was unclear). Most studies
featured no digital technologies during the intervention (26), while
some used e-learning platforms (17), the open Internet (8), limited
websites (7), or multimedia (6).

9.1. Overall effect of source credibility assessment interventions

The overall estimated meta-analytic effect of the 246 effects was
significant and positive, with a moderate effect size g = 0.42,SE =
0.04, p < .001, 95% PI [-0.33, 1.17]), indicating that source credibility
assessment interventions lead to better outcomes compared to con-
trol conditions. The analysis indicated significant overall heterogeneity
(0(245) = 1707.44,p < .001,1% = 87.45%) between studies (z2 = 0.02,
SE = 0.15) and within studies (¢2 = 0.12, SE = 0.35).

Fig. 3 presents the average effect sizes of the individual studies,
along with their weights, confidence intervals, and the summary ef-
fect from the random-effects model, shaded for the different source
credibility approaches to illustrate these analyses.

Regarding publication bias, the funnel plot (see Fig. 2) of effect size
distributions and standard errors indicated no funnel plot asymmetry.
This impression was supported by a non-significant Egger’s test result,
1(245) = 1.30,p = .193. The trim and fill procedure imputed no effect
sizes. The PET-PEESE results (Stanley & Doucouliagos, 2014) showed
both a significant PET (f = .62, 95% CI [.58, .66], p < .001) and PEESE
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Fig. 2. Funnel plot of the effect sizes after excluding outliers.

intercept (# = .36,95% CI [.35, .37], p < .001), correcting the effect size
estimate to g = 0.36, based on the PEESE model. The z-curve analysis
included 99 out of 246 valid (i.e., non-significant) effects, with an
observed discovery rate (ODR) of 51%, 95% CI [.45, .57]. The expected
replication rate, representing the estimated proportion of studies that
would yield significant results in exact replications, was 69%, 95% CI
[.55, .82]. The expected discovery rate, which estimates the proportion
of true positive results among all conducted studies, was 16%, 95% CI
[.06, .32]. The maximum Cook’s distance of .0621 (mean = .0036) still
falls below the threshold for influential studies, suggesting that there
are no extreme outliers (Viechtbauer & Cheung, 2010). Overall, these
results indicate that publication bias is unlikely in the field of source
credibility assessment interventions.

The summary effect also remained relatively stable when individual
effect sizes were omitted from analyses (g,,,, = 0.41), ranging from
g = 0.40, 95% CI [0.35, 0.46] to g = 0.41, 95% CI [0.36, 0.46]. Het-
erogeneity remained substantial across iterations (I = 86.61%-87.42%)
with no single study significantly altering the overall conclusions of the
analysis.

As described above, we implemented a second approach in which
we corrected post-test differences between conditions for pre-test dif-
ferences. This information was available for k = 108 effect sizes.
Controlling for potential pre-test differences between the groups re-
sulted in smaller heterogeneity (z2 = 0.08,62 = 0.10, I? = 80.93%) and a
larger overall effect, g = 0.54,SE = 0.07, p < .001, 95% PI [—-0.30, 1.38].
A forest plot of these pre-test-corrected estimates can be found in the
supplements (https://osf.io/g3btm).

We also calculated a model that combined the two approaches by
including the pre-test-corrected value whenever possible and otherwise
using the uncorrected effects. Compared to the first model, this resulted
in similar heterogeneity (z> = 0.03,02 = 0.11, I> = 84.68%) and overall
effects (g = 0.44,SE = 0.04,p < .001, 95% PI [-0.31, 1.19]). Trim and
fill did not correct the model substantially.

9.2. Heterogeneity in effect size estimates

The meta-regression model estimated substantial heterogeneity be-
tween the studies (Q(245) = 1707.44, p < .001). The estimated between-
study variance of 72 = 0.02,6> = 0.12,I> = 87.45% of the total
variability in effect sizes could not be explained by sampling error,
suggesting that the observed effects vary greatly across studies. This
heterogeneity resulted in a 95% prediction interval ranging from —0.33

to 1.17, indicating that in a random study from among the population
of studies reviewed, expected effect sizes range from small negative to
large positive effects. Including all significant moderators (see Table 1)
in a meta-regression reduced the unaccounted heterogeneity to 7> =
0.00,02 = 0.12, I* = 84.88%.

9.3. Effects of moderator variables

A table with the coding of all moderators for each study can be
found on https://osf.io/sxzvn. The metaregressions on publication type,
publication year, and experimental design did not reveal significant
influences of these variables (p > .100). The type of control group
significantly moderated the intervention effects (Q,,(3) = 41.73,p <
001, 1% = 87.17,7% = 0.02,6% = 0.12), with instructed control groups
yielding significantly larger effect sizes than waiting (b = 0.11,SE =
0.05, p = .015) and passive control groups (b = 0.18,SE = 0.07, p = .015).

Type of dependent variable. The type of the dependent variable also
significantly moderated the intervention effects (Q,(4) = 41.31,p <
.001,1% = 86.98%,7> = 0.02,0% = 0.12), with search behavior (b =
0.24,SE = 0.12,p = .044), reasoning skills (b = 0.15,SE = 0.08,p =
.067) and source knowledge (b = 0.21,SE = 0.10,p = .038) yielding
significantly larger effects than credibility judgment.

9.3.1. Participant moderators
Table 1 shows the effects of the moderators in general and on their
individual levels.

Country. Country significantly moderated the effects (Q,,(14) = 13.02, p
< .001), reducing the heterogeneity to I> = 87.08,7> = 0.01,6% = 0.13.
The effects of the different countries were: Canada (g = 0.66,SE =
0.68,p = .375), Finland (¢ = 0.28,SE = 0.10,p = .033), France (g =
0.22,SE = 0.16, p = .203), Germany (g = 0.42,SE = 0.06, p < .001), Israel
(g = 0.38,SE = 0.06,p < .001), Italy (g = 0.28,SE = 0.08,p = .004),
Netherlands (g = 0.60,SE = 0.14,p = .054), Norway (g = 0.36,SE =
0.13,p = .015) Spain (g = 0.66,SE = 0.32,p = .084), Sweden (g =
0.61,SE = 0.14,p = .051), Taiwan (g = 0.92,SE = 0.49,p = .199), UK
(g =0.24,SE = 0.06, p = .014), US (g = 0.45,SE = 0.06, p = .001).

Age. We found no significant effect of participant age (Q,,(1) =
0.23,p = .636, I> = 88.13%, 7> = 0.02, 062 = 0.12).
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Barzilai et al. (2020b) 0.60[0.17, 1.03
Braasch et al. (2013) 0.55[0.20, 0.91

Braasch et al. (2016) ] 0.30 [-0.76, 1.36
Braten et al. (2019) [m 0.36 [ 0.12, 0.60
Bréten et al. (2022) o -0.02 [-0.42, 0.39
De La Paz & Felton (2010) 0.14 [-0.18, 0.46
Delgado et al. (2020) ‘::\ 0.16 [-0.15, 0.47
Goldberg et al. (2011) e 0.77[0.26, 1.28
Griffin et al. (2024) =] 0.57[0.22, 0.91

Kim & Hannafin (2016) ] 0.15 [-0.03, 0.33
Kingsley et al. (2015) =] 0.06 [-0.13, 0.26
Lee (2022) - Intervention 1 —l—{ 0.29 [-0.15, 0.73
Lee (2022) - Intervention 2 ——] 0.67[0.22, 1.11

Leeder & Shah (2016) —=—ro 0.28 [-0.48, 1.03
Martinez et al. (2024) =] 0.52[0.26, 0.79
Mason et al. (2022) - Intervention 1 f—a—] 0.30 [-0.09, 0.69
Mason et al. (2022) - Intervention 2 =i 0.26 [-0.12, 0.64
Pérez et al. (2018) ] 0.43[0.09, 0.77
Sonia et al. (2022) - Intervention 2 —s— -0.01 [-0.51, 0.49
Walraven et al. (2013) e 0.60[0.11, 1.09
Subgroup: Q = 354.35, k = 72, p < .001; ©* = 0.00, 6* = 0.16 ’ 0.35[0.24, 0.45]
Lateral Reading

Axelsson et al. (2024) - Intervention 1 |-_-_| 0.36 [-0.13, 0.84
Axelsson et al. (2024) - Intervention 2 foa 0.79[0.29, 1.29
Axelsson et al. (2024) - Intervention 3 |—|—| 0.70[0.21, 1.18
Barzilai & Stadler (2025) | 0.36[0.01, 0.70
Barzilai et al. (2023) - Study 1 }?._—’ 0.33[-0.10, 0.77
Barzilai et al. (2023) - Study 2 0.40[0.05, 0.75
Brodsky et al. (2021) }—-—L_1 0.880.60, 1.16
Brodsky et al. (2023) 1.32[1.14, 1.50
Fendt et al. (2023) - Intervention 1 l—-—| 0.76 [ 0.47, 1.05
Fendt et al. (2023) - Intervention 2 [u] 1.04[0.76, 1.31

Fendt et al. (2025) - Intervention 1 ] 0.50 [ 0.21, 0.79
Fendt et al. (2025) - Intervention 2 = 0.90[0.63, 1.17
Lee et al. (2024) =] 0.51[0.29,0.73
Martini et al. (2025) 0.31[0.19, 0.42
McGrew et al. (2019) 0.91[0.41, 1.42
Muis et al. (2022) —= -0.05 [-0.48, 0.39
Panizza et al. (2022) - Study 1 0.27[0.17, 0.36
Panizza et al. (2022) - Study 2 - Intervention 1 H 0.11[0.01,0.21

Panizza et al. (2022) - Study 2 - Intervention 2 H 0.24[0.14, 0.34
Wineburg et al. (2022) 0.79[0.61, 0.98
Subgroup: Q = 825.45, k = 43, p < .001; t* = 0.08, ¢° = 0.10 0.55[0.35, 0.75]
Sourcing

Barzilai & Ka'adan (2017) - Intervention 1 —l—{ 0.28 [-0.21, 0.76
Barzilai & Ka'adan (2017) - Intervention 2 - [om 0.63[0.12, 1.13
Barzilai et al. (2025) - Intervention 1 e 0.40 [ 0.00, 0.80,
Barzilai et al. (2025) - Intervention 2 = 0.55[0.15, 0.96
Britt & Aglinskas (2002) - Study 1 }—4—‘_._‘ 0.25[-0.31, 0.81

Britt & Aglinskas (2002) - Study 2a 1.42[0.80, 2.05
Britt & Aglinskas (2002) - Study 2b e 0.62[-0.16, 1.41

Britt & Aglinskas (2002) - Study 3 ] 1.31[0.35,2.28
Hamalainen et al. (2020) . 0.18 [-0.04, 0.39
Hamalainen et al, (2023) R 0.37[0.15, 0.59
Kammerer et al. (2015) ha—' 0.29 [-0.13, 0.71

Kammerer et al. (2016) —-—| 0.58 [-0.05, 1.21

Lee (2021) ) [ e 1.45[0.81,2.09
Lescarret et al. (2024) - Intervention 1 jom -0.24 [-0.59, 0.10
Lescarret et al. (2024) - Intervention 2 I—n—l -0.14 [-0.48, 0.20
Lescarret et al. (2024) - Intervention 3 —-—| 0.24 [-0.10, 0.59
Macedo-Rouet et al. (2013) —I—{ 0.33[-0.08, 0.74
Marten & Stadtler (2025a) 0.38[0.17, 0.58
Marten & Stadtler (2025b) i 0.33[0.05, 0.60
Mason et al. (2014) 0.24 [-0.10, 0.58
Paul et al. (2019) - Intervention 1 —=—ro 0.21[-0.38, 0.81

Paul et al. (2019) - Intervention 2 |——-—| 0.43[-0.17, 1.03
Paul et al. (2019) - Intervention 3 I 0.16 [-0.43, 0.75
Stadtler & Bromme (2007) - Intervention 1 ] 0.42[-0.21, 1.05
Staditler & Bromme (2007) - Intervention 2 - 0.28 [-0.34, 0.91

Stadtler & Bromme (2007) - Intervention 3 I —— 0.34 [-0.28, 0.97
Stadtler & Bromme (2008) - Intervention 1 '—-—' 0.83[0.17, 1.48
Stadtler & Bromme (2008) - Intervention 2 —l—{ 0.53[-0.12, 1.18
Stadtler & Bromme (2008) - Intervention 3 —-—{ 0.50 [-0.14, 1.14
Stadtler et al. (2016) S — 0.35[-0.18, 0.88
Ulyshen et al. (2015) - -0.04 [-0.58, 0.50
Zhang & Duke (2011) 0.77[0.50, 1.03
Subgroup: Q = 381.31, k = 101, p < .001; t* = 0.01, 6° = 0.11 ’ 0.41[0.30, 0.51]
Historical Thinking

Burnett & Cuevas (2023) ] 0.32[-0.28, 0.93
De |a Paz et al. (2014) - | 0.37 [ 0.14, 0.59
De la Paz et al. (2017) 0.380.25, 0.50
Meier (2010) - Intervention 1 0.80[0.24, 1.35
Meier (2010) - Intervention 2 |-—-—| 0.43[-0.183, 0.98
Nokes et al. (2007) - Intervention 1 [ 0.43[0.08, 0.78
Nokes et al. (2007) - Intervention 2 }—c 0.02 [-0.34, 0.37
Nokes et ?I. (2007) - Intervention 3 0.74[0.38, 1.10
Reisman (2012) = 0.40[0.11, 0.70
Wissinger et al. (2021) e 0.38 [-0.68, 1.45
Subgroup: Q = 100.96, k = 30, p < .001; ©* = 0.00, ¢* = 0.04 0.31,0.52]

Overall: Q = 1707.44, k = 246, p < .001; t* = 0.02, 6* = 0.12 0.43[0.36, 0.50]

o
N
N

-1 1 2 3

o

Observed Outcome

Fig. 3. Forest plots of the effect sizes for each source credibility approach.
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Table 1
Effect size, confidence intervals, and prediction intervals for moderators overall and individual moderator levels.
Moderator pofQ Q I? 72 o2 g SE k 95% PI 95% CI
- <.001 1707.44 87.45 0.02 0.12 0.42 0.04 246 [-0.33, 1.17] [0.35, 0.49]
Only studies with pre-test <.001 551.68 80.93 0.08 0.10 0.54 0.07 108 [-0.30, 1.38] [0.41, 0.68]
All studies (corrected for pre-test differences) <.001 1269.83 84.68 0.03 0.11 0.44 0.04 246 [-0.31, 1.19] [0.37, 0.52]
Country <.001 13.02 87.08 0.01 0.13 246
Age .636 0.23 88.13 0.02 0.12 210
Gender composition 671 0.18 87.16 0.02 0.11 220
Education <.001 26.54 87.23 0.02 0.12 246
Students <.001 21.10 81.96 0.00 0.37 0.48 0.11 63 [-0.75, 1.72] [0.27, 0.69]
University entrance qualification <.001 27.65 61.21 0.00 0.01 0.20 0.04 21 [-0.05, 0.44] [0.12, 0.28]
Primary education <.001 41.39 80.94 0.01 0.07 0.41 0.06 36 [-0.18, 1.00] [0.28, 0.54]
Secondary education <.001 69.19 88.42 0.03 0.12 0.46 0.05 109 [-0.31, 1.23] [0.35, 0.57]
Graduated .001 52.68 53.81 0.00 0.02 0.78 0.11 6 [0.29, 1.26] [0.50, 1.05]
Unspecified .030 6.43 85.72 0.01 0.13 0.35 0.14 11 [-0.54, 1.25] [0.04, 0.66]
Source credibility assessment approach <.001 38.57 87.23 0.02 0.12 246
Multiple document literacy <.001 39.43 84.85 0.00 0.16 0.35 0.05 72 [-0.47, 1.16] [0.24, 0.45]
Lateral reading <.001 31.67 95.36 0.08 0.10 0.55 0.10 43 [-0.34, 1.44] [0.35, 0.75]
Sourcing <.001 58.47 78.13 0.01 0.11 0.41 0.05 101 [-0.30, 1.11] [0.30, 0.51]
Historical reasoning <.001 62.92 65.66 0.00 0.04 0.42 0.05 30 [0.01, 0.82] [0.31, 0.52]
Student-instructor ratio <.001 33.18 87.23 0.02 0.12 246
Low .014 69.18 49.48 0.00 0.02 0.94 0.11 3 [0.17, 1.71] [0.45, 1.43]
Medium <.001 84.10 84.79 0.04 0.10 0.45 0.05 138 [-0.27, 1.18] [0.36, 0.55]
High .040 5.11 93.02 0.01 0.27 0.35 0.15 15 [-0.83, 1.53] [0.02, 0.68]
None <.001 34.72 92.52 0.00 0.18 0.46 0.08 55 [-0.41, 1.32] [0.30, 0.61]
Unclear <.001 20.06 74.22 0.00 0.08 0.26 0.06 35 [-0.33, 0.86] [0.14, 0.38]
Intervention delivery <.001 50.39 86.27 0.01 0.12 246
Hybrid <.001 20.35 94.22 0.06 0.26 0.78 0.17 20 [-0.45, 2.02] [0.42, 1.14]
In-person <.001 137.09 81.69 0.00 0.10 0.39 0.03 175 [-0.26, 1.04] [0.33, 0.46]
Digital <.001 31.39 89.13 0.00 0.11 0.36 0.06 42 [-0.32, 1.04] [0.23, 0.49]
Unclear .360 0.94 88.56 0.00 0.33 0.24 0.24 9 [-1.20, 1.67] [-0.33, 0.80]
Intervention type <.001 49.03 87.47 0.02 0.12 246
Curriculum <.001 73.94 87.54 0.04 0.10 0.46 0.05 107 [-0.28, 1.20] [0.36, 0.57]
One-time <.001 61.43 84.30 0.00 0.15 0.38 0.05 122 [-0.41, 1.17] [0.28, 0.47]
Passive .009 8.80 93.85 0.02 0.12 0.37 0.13 17 [-0.44, 1.19] [0.11, 0.64]
Learning setting <.001 46.48 87.60 0.03 0.12 246
School <.001 108.85 84.98 0.02 0.10 0.42 0.04 167 [-0.28, 1.12] [0.34, 0.50]
University <.001 26.37 86.88 0.05 0.21 0.49 0.10 65 [-0.54, 1.53] [0.30, 0.69]
Informal .010 9.09 94.48 0.01 0.09 0.31 0.10 14 [-0.41, 1.02] [0.09, 0.53]
Digital technologies <.001 29.94 87.48 0.02 0.12 246
E-learning platform (e.g., Moodle) <.001 39.37 88.28 0.00 0.23 0.44 0.07 66 [-0.52, 1.40] [0.30, 0.58]
None <.001 88.36 75.78 0.00 0.10 0.38 0.04 102 [-0.25, 1.00] [0.30, 0.45]
Open Internet <.001 30.22 88.47 0.02 0.12 0.55 0.10 22 [-0.25, 1.35] [0.34, 0.76]
Limited websites .009 7.80 95.64 0.15 0.05 0.45 0.16 31 [-0.54, 1.44] [0.12, 0.78]
Multimedia .028 5.49 90.05 0.07 0.07 0.33 0.14 25 [-0.50, 1.16] [0.04, 0.62]
Dependent variable <.001 41.31 86.98 0.02 0.12 246
Search behavior <.001 34.41 93.53 0.07 0.14 0.51 0.09 49 [-0.42, 1.43] [0.33, 0.68]
Reasoning skills <.001 62.83 85.74 0.00 0.15 0.42 0.05 82 [-0.36, 1.19] [0.31, 0.52]
Source knowledge <.001 29.95 79.49 0.10 0.04 0.52 0.10 38 [-0.27, 1.31] [0.33, 0.72]
Credibility judgment <.001 29.74 80.31 0.07 0.01 0.29 0.05 77 [-0.28, 0.87] [0.19, 0.40]
Control type <.001 51.94 87.17 0.02 0.12 246
Classic control <.001 41.73 77.96 0.01 0.08 0.31 0.05 94 [-0.28, 0.90] [0.22, 0.41]
Instructed control <.001 102.03 89.85 0.02 0.15 0.48 0.05 141 [-0.34, 1.31] [0.39, 0.58]
Waiting control <.001 27.35 65.76 0.00 0.03 0.37 0.07 11 [-0.06, 0.80] [0.21, 0.53]
Note. Results from three-level meta-analytic models consisting only of the intercept representing the overall effect of each subgroup.
Models were estimated using REML. Country moderator levels are in the respective paragraph. g = Prediction estimate. SE = Standard error.
CI = Confidence interval. PI = Prediction interval. Heterogeneity indicators I (total), > (within-study), o* (between-studies).
Gender composition. We found no significant effect of gender compo- entrance qualification (b = 0.23,SE = 0.07,p = .001). The other

sition, neither for the contrast between male and female/non-binary
participants (Q,,(1) = 0.18,p = .971, I> = 87.16%, 7> = 0.02,6% = 0.12),
nor for the contrast between female and male/non-binary participants
(0 (1) =0.63,p =429, I* = 87.11%, 72 = 0.02,6> = 0.11).

Educational level. Educational level significantly moderated the inter-
vention effects (Q,,(6) = 26.54,p < .001), reducing the heterogeneity
to 12 = 87.23%,7%> = 0.02,62 = 0.12. Graduated participants showed
larger effects than primary education (b = 0.35,SE = 0.11,p = .001),
secondary education, (b = 0.34,SE = 0.11, p = .002), university students
(b = 0.32,SE = 0.12,p = .007), and university entrance qualification
(b = 0.59,SE = 0.10,p < .001). Secondary education (b = 0.24,SE =
0.07,p < .001) and university students (b = 0.26,SE = 0.08,p = .001)
showed larger effects than university entrance qualification. Primary
education showed larger effects than participants with a university
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comparisons did not differ significantly, p > .100.

9.3.2. Intervention moderators
Table 1 shows the effects of the moderators in general and at their
individual levels.

Source credibility assessment approach. The source credibility assess-
ment approach significantly moderated the intervention effects (Q,,(4)
= 38.57,p < .001) as indicated by a reduced heterogeneity of I*> =
87.23%, 7% = 0.02,6% = 0.12 (see Fig. 3). Lateral reading (b = 0.21,SE
0.11,p = .067) yielded significantly larger effects than multiple docu-
ment literacy, while the other comparisons resulted in non-significant
effects, p > .100. A contrast showed that lateral reading studies yielded
larger effects than the combined other source credibility assessment
approaches (b = 0.18,SE = 0.11, p = .093).
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Fig. 4. Bubble plot of intervention length (in minutes and logarithmized).

A robustness check revealed a significant interaction between the
source credibility assessment approach and intervention length (Q,,(7)
= 4.67,p < .001). Compared to multiple document comparison, in-
tervention length showed a positive interaction with lateral reading
(g = 0.001,SE = 0.00,p = .002), and a negative interaction with
sourcing (g = —0.001,SE = 0.00,p = .068) and historical reasoning
(g = —-0.000,SE = 0.00,p = .079). These results imply that for an
additional 100 min of intervention length, the effect size of lateral
reading interventions increases by about g = 0.10, whereas it decreases
by about g = 0.10 for sourcing and (less so) for historical reasoning
interventions.

Student—instructor ratio. Student-instructor ratio significantly moder-
ated the effect of source credibility assessment interventions (Q,,(4) =
33.18,p < .001,1% = 87.23%,7* = 0.02,62 = 0.12). A low student—
instructor ratio yielded larger effects than a high (b = 0.58,SE =
0.15,p < .001) and medium ratio (b = 0.52,SE = 0.08,p < .001)
as well as no human trainers (b = 0.49,SE = 0.08,p < .001). The
effect for an unclear student—instructor ratio was smaller than for a low
(b=0.68,SE = 0.09, p < .001) and medium ratio (b = 0.15,SE = 0.08,p =
.053) as well as no human trainers (b = 0.18,SE = 0.08,p = .024).
The pairwise comparisons revealed no other significant differences,
p>.100.

Instructional support. Instructional support significantly moderated the
effect of source credibility assessment interventions, (Q,,(2) = 49.49,p <
001,12 = 87.72%,7* = 0.02,6> = 0.13). The pairwise comparisons
revealed no significant difference, p > .100, and dynamic support
(g = 0.45,SE = 0.05) yielded only slightly larger descriptive effects than
static support (g = 0.41,SE = 0.05).

Intervention delivery. The intervention delivery moderated the effect of
the interventions (Q,,(4) = 50.39,p < .001, I> = 86.27%,7* = 0.01,062 =
0.12). Hybrid interventions showed significantly larger effects than in-
person (b = 0.43,SE = 0.17,p = .011), digital (b = 0.42,SE = 0.17,p =
.015), and unclear interventions (b = 0.49,SE = 0.28,p = .084), while
the other comparisons did not differ significantly, p > .100.

Intervention type. The intervention type also moderated the effects,
0,/(3) = 49.03,p < .001, 1> = 87.47%, 7% = 0.02,6% = 0.12. While pair-
wise comparisons showed no significant results, p > .100, descriptively
curricula (g = 0.46,SE = 0.05) yielded the largest effects.

Learning setting. The learning setting significantly moderated inter-
vention effects (Q,,(3) = 46.48,p < .001), reducing unexplained
heterogeneity to I?> = 87.60%, 7> = 0.03, > = 0.12. Pairwise comparisons
indicated that informal settings had a significantly smaller effect than
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school settings (b = —0.49,SE = 0.17,p = .004) and university settings
(b=-0.67,SE = 0.18, p < .001), while the difference between university
and school settings did not reach significance (b = 0.18,SE = 0.11,p =
.105).

Intervention length. Intervention length did not significantly moderate
the intervention effects (b = —.00,SE = 0.00,p = .977). Descrip-
tively, the longest intervention type, curricula (M = 993.89 min, SD
= 1,486.42 min) showed larger effects than one-time interventions (M
= 63.82 min, SD = 48.36 min) and passive multimedia reception (M =
16.67 min, SD = 10.27 min). A bubble plot (see Fig. 4) indicated a left-
skewing of effect sizes, with most interventions shorter than two hours.
In a second analysis, we therefore log-transformed the intervention
length to account for the unequal distribution (as suggested by Ranger,
Kuhn, & Ortner, 2020), which resulted in a significant effect (Q,,(1) =
3.77,b = .04,SE = 0.02, p = .053, I* = 87.14%, t2 = 0.02, 6% = 0.12).

Interaction between training type and intervention length. A model that
included intervention length, training type, and their interaction did
not significantly moderate intervention effects (Q,(6) = 1.33,p =
254,1% = 87.27%, 72 = 0.02,6% = 0.12.

Digital technologies during the intervention. The inclusion of digital tech-
nologies during the intervention significantly moderated intervention
effects (Q3(5) = 2994,p < .001,I> = 87.48%,7> = 0.02,6° =
0.12). Pairwise comparisons revealed that open Internet resources had
a significantly stronger effect than using no digital technology (b =
0.19,SE = 0.10, p = .066), while no significant differences were found
between other pairs, p > .100.

Source-content focus. Source-content focus significantly moderated in-
tervention effects (Q,,(2) = 78.64,p < .001, I* = 85.07%, 7> = 0.00,062 =
0.11). While pairwise comparisons showed no significant results, p >
.100, an intervention focus only on sources (g = .48,SE = 0.10) showed
descriptively larger results than focusing on both content and source
(g = .37,SE = 0.12).

10. Discussion

In our information-driven society, today’s online environments —
overloaded with information of often elusive credibility — pose sub-
stantial challenges, with a critical need to foster individuals’ skills to
detect reliable sources and trustworthy information. While research
on interventions to foster source credibility assessment in an analog
world is well-established and spans more than three decades (Brante
& Strgmsg, 2018), societal developments such as the open Internet
require new approaches to evaluating information (Wineburg, 2024).
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Our preregistered meta-analysis showed that interventions to fos-
ter source credibility assessment have small to moderate overall ef-
fects across a range of different contexts and learning settings. To
our knowledge, we provide the first analysis to include all four ap-
proaches (i.e., historical thinking, sourcing, multiple document liter-
acy, and lateral reading), showing that source credibility assessment
addressed through lateral reading interventions yielded considerably
larger, moderate effects than the other strategies.

The effectiveness of source credibility assessment interventions,
however, highly depends on many complex factors, especially individ-
ual differences and intervention design. At the individual level, the
interventions were effective regardless of participants’ age and gender
composition. However, educational level, which may be regarded as
an indicator for prior knowledge, played an important role: Interven-
tions targeting high school graduates yielded smaller effects, while
those involving university graduates showed the largest gains. At the
intervention level, a low and medium student—instructor ratio, longer
curricula, university settings, and interventions that used the open
Internet provided larger effect sizes. We found that the interventions
targeted different facets of source evaluation (i.e., search behavior, rea-
soning skills, source knowledge, credibility judgment) with comparable
effectiveness.

10.1. Overall meta-analytic effect

We conclude that source credibility assessment interventions are
small-to-moderately effective overall. These effects are slightly smaller
than those reported in structural observations by Brante and Stromsg
(2018), who found moderate overall effects. Several factors may ex-
plain these discrepancies. The high heterogeneity observed in our
analysis suggests the influence of additional variables, as commonly
observed in longer interventions and those with greater ecological
validity. This means source credibility assessment interventions may be
particularly sensitive to individual differences and intervention charac-
teristics.

Furthermore, the overall effect increased notably when we included
only studies that allowed controlling for pre-test differences. This in-
crease might be explained by the larger scale and methodological rigor
of these studies, which can be a proxy for interventions with more
resources. It may also hint at pre-test differences between the groups in
general (e.g., in De La Paz & Felton, 2010; Stadtler, Scharrer, Macedo-
Rouet, Rouet, & Bromme, 2016), which could indicate a selection
bias or non-perfect randomization. Threats to randomization occur, for
example, when participant data are removed (e.g., outliers or partially
missing data), which can invalidate randomization because it may lead
to excluding participants with specific characteristics (Rubin, 1976).
While randomization at the participant level is often not feasible in
more ecologically valid classroom interventions where whole classes
are assigned to different conditions, we found no significant difference
between experimental and quasi-experimental studies. Nonetheless, in
future research, authors should indicate how they randomized learners
to different conditions, whether they excluded any data, and whether
other factors may have compromised randomization and the possibility
of causal inference (Imbens, 2024).

10.2. Publication bias

Most of our publication bias analyses (funnel plot, z curve, trim-and-
fill) did not indicate any signs of publication bias, such as fewer studies
with small effects than expected. The PET-PEESE method, in contrast,
yielded a small downward correction of the meta-analytic effect size,
indicating some bias. While these results may appear plausible given
that the overall meta-analytic effects were only small to medium,
methods that correct for publication bias have severe limitations and
should be interpreted with caution (Carter, Schonbrodt, Gervais, &
Hilgard, 2019). We therefore recommend using pre-registration and the
publication of registered reports to further minimize the risk of this type
of bias in future studies.
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10.3. Heterogeneity in effect estimates

In general, we found high heterogeneity estimates in the meta-
analytic models. The prediction intervals were broad. For the overall
meta-analytic effect, if we were to design a new study from the same
population of studies as reviewed here, we would expect its effect size
to fall within the range of a small negative to a large positive effect most
of the time. In contrast to the positive meta-analytic effect estimate, this
prediction may seem unsatisfactory. Yet, first and foremost, it indicates
that there is vast space to examine moderators of intervention effects
to inform theories and tailor interventions that harness this systematic
heterogeneity to achieve higher effects (Tipton et al., 2023). We have
taken a first step in this regard by examining various moderators on the
level of the participants, interventions, and other study characteristics.

10.4. Moderator variables

We found that the three established approaches — historical think-
ing, sourcing, and multiple document literacy — yielded similar, small
effects. As established in the introduction, these approaches are often
interconnected and share many similarities, with the initial concep-
tions (Britt et al., 1999) and interventions (Britt & Aglinskas, 2002)
on multiple document literacy heavily drawing on historical think-
ing, while Wineburg (1991) already included sourcing. While sourcing
can be regarded as a distinct approach that was expanded after the
initial conceptions in historical thinking, source evaluation is often
taught with multiple documents (e.g., Lee, 2021). Synthesizing in-
formation across multiple sources can be cognitively demanding, but
fosters deeper engagement with content and context, potentially en-
hancing evaluative judgments in the long run (Rouet & Britt, 2011).
This resulted in numerous effective interventions from each strand (e.g.,
Axelsson & Nygren, 2024; Goldberg, Schwarz, & Porat, 2011; Himalai-
nen et al., 2023; Reisman, 2012). While interventions based on these
approaches are effective, they may require deeper changes to transfer
to our current information environment — as demonstrated by Delgado
et al. (2020), Lee et al. (2024) and Alon, Rahimi, and Tahar (2024).
Similar to the conceptions of Wineburg et al. (2022), future studies
could profit from meta-heuristics so that learners know when to apply a
specific strategy. These heuristics could outline when people can disre-
gard the claims because of the amount of information and solely focus
on the source or when judging contextual clues is more promising than
judging the source. Furthermore, interventions may need to also teach
necessary basic skills on navigating the Internet and understanding its
structure (as conceptualized by Wineburg & McGrew, 2019).

Lateral reading interventions, by contrast, yielded overall larger,
medium effects than interventions based on the other three approaches,
which we attribute mainly to three reasons. First, lateral reading might
be better suited for the nature of online information contexts by encour-
aging verification through external, reliable sources rather than relying
on surface- and content-level evaluation of information. Nonetheless,
lateral reading interventions may still benefit from teaching content
knowledge, especially for less familiar or ambiguous sources (Barzilai,
Thomm, & Shlomi-Elooz, 2020; Fendt, Scheibenzuber, et al., 2025).

Second, lateral reading counter-intuitively requires less reading
than the other source credibility assessment approaches (Kozyreva
et al., 2023). This may benefit people with limited frustration toler-
ance or lower literacy skills because a verdict can be reached quite
fast. Although all approaches share foundational principles — such
as evaluating the author‘s intent and purpose, originally suggested in
historical reasoning and subsequently adapted in multiple document
literacy — they may require prolonged practice and guidance to be
effective in modern digital information environments. In contrast, later-
ally checking a source can arguably be done in a minute by experienced
users and taught successfully in interventions as short as 15 min (Fendt
et al., 2023). However, it should be noted that all source credibility
assessment approaches, especially lateral reading, require extensive
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knowledge. In particular, lateral reading emphasizes search skills that
may be unfamiliar and difficult to acquire for many citizens (McGrew
& Byrne, 2020).

Third, lateral reading specifically focuses on digital information and
aligns more closely with individuals’ real information environment and
actual information-seeking practices (McGrew, Smith, Breakstone, Or-
tega, & Wineburg, 2019). This relevance may increase intrinsic motiva-
tion, as individuals are more likely to see the immediate practical ben-
efit of the intervention in their everyday lives (Fendt, Hufendiek, Ober-
parleiter, Scheibenzuber, & Edelsbrunner, 2025). This motivational
effect might be further increased by gamified interventions (Barzilai
et al., 2023; Barzilai & Stadtler, 2025).

Overall, while historical thinking, sourcing and multiple document
literacy can be seen as distinct approaches, there is considerable over-
lap, with lateral reading arguably being the most distinct. However, lat-
eral reading may still benefit from incorporating insights from the other
approaches, for example content assessment (Fendt, Scheibenzuber,
et al., 2025) — which may challenge its distinction.

While the source credibility assessment approach in general plays an
important role, individual differences also shape how learners engage
with and benefit from these strategies (Anmarkrud et al., 2014). These
individual differences require different focuses and adaptations of inter-
ventions, which often poses substantial challenges for their design. We
found that the interventions were similarly effective regardless of the
gender composition, which is consistent with recent research on analog
and digital learning (Geist & King, 2008; Gonzélez-Gémez, Guardiola,
Martin Rodriguez, & Montero Alonso, 2012; Hou, Nguyen, Richey, &
McLaren, 2020).

We also found that source credibility assessment interventions were
similarly effective among all age groups. This finding is not unexpected
for offline settings and, contrary to popular belief, also extends to older
people in digital settings (e.g., Lee, 2022; Stadtler & Bromme, 2007).
This finding can also indicate that all age groups require similar support
to learn the digital literacy skills required for lateral reading. Moore
and Hancock (2022) successfully integrated such basics into a lateral
reading curriculum, showing that motivated learners can acquire these
skills regardless of age. Nevertheless, we are not aware of any con-
trolled experimental lateral reading studies for younger children — an
age group that may lack the necessary digital literacy skills. Despite the
vast body of research on literacy interventions in digital settings (e.g.,
Niklas, Birtwistle, Wirth, Schiele, & Mues, 2022) and source credibility
assessment interventions for elementary (e.g., Barzilai, Tal-Savir, Abed,
Mor-Hagani, & Chinn, 2025; Burnett & Cuevas, 2023; Macedo-Rouet
et al., 2013; Paul, Stadtler, & Bromme, 2019; Wissinger, De La Paz,
& Jackson, 2021) and secondary school children (e.g., Argelagés &
Pifarré, 2012; Braasch, Bréten, Stremsg, Anmarkrud, & Ferguson, 2013;
Kammerer, Meier, & Stahl, 2016; Kingsley, Cassady, & Tancock, 2015),
lateral reading interventions have yet to be successfully adapted to that
age group.

Educational level played a significant role in intervention effective-
ness, whereas age did not. While education may serve as an indicator
of prior knowledge (as interpreted by Chernikova et al., 2020), other
explanations are also possible. Higher educational attainment may be
associated with stronger analytical reasoning skills, greater exposure
to academic literacy, or more experience navigating complex infor-
mational environments. Such characteristics may, in turn, improve
participants’ ability to benefit from interventions, particularly those
targeting rather complex skills. It may also imply that the participants
have dropped out of formal education or have been working for several
years (e.g., in Kammerer et al., 2015). In both cases, the participants
may not be used to learning daily anymore or may have already
struggled with learning in the first place. Conversely, age did not
significantly moderate intervention effects. However, the spread of ages
in our dataset was relatively narrow, primarily including participants
between 10 and 30, which may have limited our ability to detect
potential age-related differences.
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Bridging the gap between participant and intervention characteris-
tics, this interpretation of the effect of the educational level is further
supported by the effect of learning settings, with universities and
schools having the largest effects (e.g., Fendt et al., 2023; Leeder
& Shah, 2016). This may be an indication of the effective learning
culture in educational institutions, which often require self-directed
learning, extensive reading, and allow for repeated practice throughout
the academic/school year.

Longer curricula proved effective, potentially suggesting that re-
peated practice and the guided structure of such interventions can
support sustained learning success. Naturally, these interventions also
allow for a more detailed exploration of the basics, such as explaining
the structure of source types in a study by Brodsky et al. (2021) or
deeply engaging in historical reading strategies in a study by De La
Paz et al. (2014). These settings also allow for a focus on complex
content and flexibly teaching knowledge about different situations as
a blueprint that can be used in unfamiliar situations. It may also point
to the importance of embedding source credibility assessment skills in
extended instructional contexts so that students can acquire these cru-
cial skills at an early age (as demonstrated by Wissinger et al., 2021).
Counterintuitively, passive reception of multimedia yielded similarly
large effects. This may be due to the more controlled nature of such
lab-like experiments, which focus on delivering a small amount of infor-
mation in a short time frame, often assessing effects immediately after
the intervention (Capewell et al., 2024). Furthermore, longer curricula
introduce more interfering variables and a greater time lapse between
the intervention and the post-test, which may influence outcomes (e.g.,
Brodsky et al., 2023).

Curricular settings naturally hint at a medium student-instructor ra-
tio, which yielded results comparable to interventions with no instruc-
tors, falling short only of those with a low student-instructor ratio (e.g.,
Mason, Junyent, & Tornatora, 2014; Meier, 2010; Sonia et al., 2022;
Walraven, Brand-Gruwel, & Boshuizen, 2013). A balanced, moderate
student—instructor ratio may provide the optimal mix of individual
attention and peer interaction, potentially supported by collaborative
learning, while allowing instructors to support a manageable number
of students. Contrary to recent findings (Tipton et al., 2023), active
control groups had larger effects than passive control groups. This
may be explained by confounding variables — for example, the studies
with passive control groups may have been conducted under otherwise
uncontrolled conditions (e.g., in classrooms). Still, this finding should
be investigated further in future studies and meta-analyses.

Looking at the degree of digitization of the intervention, hybrid
interventions (e.g., Fendt, Scheibenzuber, et al., 2025) proved more
effective. This suggests that well-designed digital interventions employ-
ing a hybrid approach can effectively substitute for traditional face-
to-face instruction. We conjecture that digital or hybrid interventions
may work, particularly for learners with strong self-regulation skills.
Digital interventions may allow for more flexible, self-paced learning
experiences, which may be advantageous for advanced learners who
can navigate digital tools independently. Although technological tools
allow for responding to learner dynamics (e.g., Aleven & Koedinger,
2002), face-to-face interventions may often allow for more immediate,
direct, and appropriate guidance, which may benefit learners who need
additional support.

Using digital technologies to support the interventions can enhance
intervention effects, especially the open Internet, but descriptively
also limited websites and e-learning platforms. We regard this as an
indicator of higher ecological validity (as argued by Wineburg et al.,
2022), which on the one hand may make the interventions harder to
control. On the other hand, the open Internet may more closely mimic
the information environment that participants experience at home,
increasing the chance that learners transfer intervention content to
their everyday lives (e.g., Leeder & Shah, 2016; Zhang & Duke, 2011).

Dynamic and static instructional support yielded similarly large
effects. This is unexpected, given that recent research found different
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effects in other educational settings (e.g., Dyrvold & Bergvall, 2023).
Also, Fendt et al. (2023), Fendt, Scheibenzuber, et al. (2025) directly
compared a lateral reading intervention with static support to one with
dynamic support. They found larger effects for dynamic support, which
they attribute to the more tailored guidance provided by the trainers
and to potential motivation boosts. However, most included source
credibility assessment interventions naturally provide some form of in-
structional support. Most of the studies also lacked detailed information
about the nature and quality of the instructional support. For example,
most school interventions may have provided dynamic support through
the presence of a teacher, but this was not reported in the paper.

Another way to provide automated dynamic support in educa-
tional settings is through large language models (LLMs), a type of
machine learning/artificial intelligence (AI) and prevalent societal phe-
nomenon (Holmes & Tuomi, 2022). However, most educational re-
search on LLMs is still fairly new and while some studies show promis-
ing results, most are still limited by a lack of objective measures of
learning improvement, no gain, or sometimes even detrimental re-
sults (Elstad, 2024; Muehlhoff & Henningsen, 2024). None of the stud-
ies we included used LLMs, despite first advances in that field (Zhang
& Pradeep, 2023). One undoubtedly outstanding example in a related
field is a larger intervention by Costello, Pennycook, and Rand (2024)
that employed ChatGPT-40 to successfully reduce belief in conspiracy
theories. There, the LLM served as a discussion partner to persuade
conspiracy believers based on well-checked claims with decades of
knowledge, but did not check sources. Similarly, future interventions
could employ LLMs as a dynamic support tool on well-checked claims
and sources, to provide tailored feedback based on a prepared knowl-
edge base, or to summarize complicated scientific circumstances in
plain language.

10.5. Limitations

This meta-analysis carefully considered and analyzed a larger body
of research, with a particular focus on individual differences and inter-
vention characteristics. This necessarily limits the depth and number of
variables we could include, based on the data the studies provided.

Notably, we did not examine motivation, which might impact the
effectiveness of interventions. This factor, while only assessed in few
of the included studies, may still have the potential to gain a more
profound understanding of the intervention effectiveness. Furthermore,
most studies did not assess participants’ knowledge in a pre-test, mak-
ing it difficult to confirm equal baseline knowledge between the study
groups. Also, few studies included delayed post-tests (except for Braten,
Brante, & Strgmsg, 2019; Brodsky et al., 2023; Martinez, Saux, Lon-
dra, & Burin, 2024), limiting our ability to assess the long-term sus-
tainability of source credibility assessment interventions. Furthermore,
many of the reviewed studies provided little detail on the instructional
approaches that would have allowed coding further characteristics,
such as whether the studies employed inquiry learning settings. While
we have no reason to suspect intentional under-reporting in our in-
cluded studies, we cannot rule out the possibility that moderators
like the source credibility approach or the use of digital technologies
are confounded with unreported design features of the interventions.
In future research, we recommend reporting as many details about
the instructional design as possible to support replication studies and
meta-analytic coding.

Similarly, we were not able to include prior beliefs — one of the
main influences on judging source and information credibility (Sultan
et al., 2024) — because only two studies collected political opin-
ion (Fendt et al., 2023; Fendt, Scheibenzuber, et al., 2025), two epis-
temic beliefs (Lee, 2022; Ulyshen et al., 2015), and one trust in scien-
tists (Martini et al., 2025). While we could not include this moderator,
future studies should consider including especially prior beliefs on
politics, science, or the intervention content.
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Several inclusion decisions, while carefully considered, may fur-
ther limit the generalizability of this meta-analysis. We included only
controlled experimental studies to focus on high-quality research, ex-
cluding non-controlled studies that might have provided additional
insights, for example more detailed description and assessment of the
intervention group (e.g., Abed & Barzilai, 2023). Our focus on English-
language studies also means our findings primarily reflect interventions
in Western contexts, which may not fully represent source credibility
assessment interventions in non-Western contexts. Additionally, most
studies took place in formal educational environments, excluding both
older age groups and individuals outside traditional education systems.

We also noticed several limitations caused by the quality of the
data reported by the publications. The range of outcomes highlights
a need for more standardized assessment of source credibility as-
sessment skills. Outcomes should clearly distinguish between context,
content, and source (similar to Forzani, 2020). We particularly noticed
that some studies assessed vastly different outcomes — for example
faithfully executing the source credibility assessment strategy and suc-
cessfully drawing the correct conclusion on information credibility —
in the same variable (e.g., Brodsky et al., 2023). This meant that in
some of these designs, participants would receive the lowest possible
score for not using the source credibility assessment strategy, even if
they had reached the correct conclusion. Furthermore, several stud-
ies did not clearly report, whether the design was experimental or
quasi-experimental, making it more difficult to test for this moderator.

We also noticed that the different source credibility approaches
are closely related and difficult to discern in several studies, with
historically diverging, parallel, or eventually merging research strands.
Especially, studies that incorporated elements of multiple approaches
may leave classification to the researcher‘s interpretation. This might
have deteriorated selectivity, especially for the classification of sourc-
ing and multiple document literacy. However, the intervention ap-
proaches of historical thinking as the primary, very context-specific
source credibility assessment intervention (Wineburg, 1991), and lat-
eral reading (Wineburg & McGrew, 2019) as the most recent ap-
proach, specifically for online information environments are more se-
lective. Consequently, this limitation is not harmful to the inference of
this meta-analysis that lateral reading yields better results than more
traditional source credibility assessment approaches.

Finally, we want to highlight an additional limitation: Although the
meta-analysis was conducted successfully, we were unable to carry out
a planned re-analysis of the original datasets. To obtain the necessary
datasets and statistically validate the results, we contacted the corre-
sponding authors of each included study, and in cases where emails
were undeliverable, we reached out to other co-authors. However, we
received responses from less than 20% of the authors. While all replying
researchers were supportive of our study, we were only able to obtain
4 additional datasets (10 datasets from 6 research groups were already
publicly available). One additional group had promised to provide the
data, but was unable to do so within 6 months. While some authors
were not allowed to share their data due to ethical constraints, others
reported that they had lost their data. We have no reason to doubt the
sincerity of these responses, but are nevertheless concerned about the
current state of open science practices in this field of research, which
are fundamental to fostering sustainable, transparent, and reproducible
research.

11. Implications for practice and research

The findings of this meta-analysis offer several implications for ed-
ucational research and practice. For research, the greater effectiveness
of lateral reading over more traditional source credibility assessment
concepts suggests a need for expanded research on this approach to
analyze its effects in detail. In particular, there is limited research
on the role of motivational factors in lateral reading interventions. In
addition, although Wineburg et al. (2022) conceptualized that lateral
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reading is almost agnostic to content knowledge, this assumption still
needs to be empirically tested. Furthermore, while we were able to ana-
lyze several individual differences that were highlighted by Anmarkrud
et al. (2022), only few studies assessed the effects of motivation,
interest, or epistemic beliefs at a level that would have allowed their in-
clusion as moderators. Future studies could assess these variables with
validated scales, which are already common in educational research.
The assessment of intervention effectiveness also varied considerably.
Some interventions seemed to aim at vastly different outcomes but
combined them in a single variable. Future interventions could aim
for establishing standardized, evaluated procedures or frameworks for
assessing search strategies and their success separately. Furthermore,
while especially educational settings and longer curricula would be
ideal for assessing long-term effects, such research is still sparse for
source credibility assessment interventions.

From an educational perspective, source credibility assessment in-
terventions should aim for high ecological validity. While these learn-
ing environments are harder to design and control, they still seem
beneficial to increase initial learning gain and the chance of partic-
ipants transferring their new knowledge to their everyday lives for
sustained effects. Research on the actual presence of such intended
learning transfer would be an important next step. Hybrid learning
interventions could be particularly effective, blending the flexibility
and resources of digital tools with the personal connection of in-person
instruction. This approach would allow educators to focus on guiding
highly complex tasks, while workplace and adult learners can bene-
fit from the flexibility of digital learning combined with face-to-face
support.

12. Conclusion

While interventions on fostering source credibility assessment skills
are overall moderately effective, we found that lateral reading interven-
tions are more effective than the other source credibility assessment
approaches. We interpret that the strategy is more closely related to
learners’ actual information environments and search behavior. Fur-
thermore, source credibility assessment strategies in general are fairly
complex, making such interventions a better fit for experienced learners
and educational settings, which can feature longer curricular interven-
tions. While the interventions are effective regardless of participant age
and do not necessarily require in-person settings, digital technologies
like the open Internet may still be beneficial, potentially increasing
ecological validity. Future interventions should pay particular attention
to long-term effectiveness, and try to further combine components from
different source credibility assessment approaches.
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