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Abstract

The past decades have seen a growing use of comics (i.e., sequential presentation of images
and/or text) educational material. However, there are inconsistent reports regarding their
effectiveness. In this study, we aim to systematically review empirical studies that have
investigated the use of comics in education; and to quantitatively explore these effects using a
meta-analysis. To do so, we will search PubMed, Scopus, Google Scholar, Open Grey, and
Web of Science for studies employing an experimental design that uses comics education
material compared to non-comics education material in general population samples. We
hypothesize that if learning via comics operates in the same way as learning via non-comics
material, namely texts, then, comics and texts will have the same impact on learning;
however, if the combination of text and images confers greater communicability beyond
learning via texts, then we hypothesize that comics will have a greater impact on learning.
Our findings will not only shed light on whether comics are equally or more effective

education material than texts, but also on the conditions in which comics can foster learning.

Keywords: comics cognition, visual language, visual language fluency, spatial cognition,

STEM learning
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Introduction

Imagine you are a teacher eager to introduce your class to the seminal work of
O’Keefe and Nadel (1978; Nobel Prize, 2014) on place cells. While numerous educational
materials convey this information, they often present students with extensive text pushing
them to infer the designs, perhaps with loosely associated diagrams. As an alternative,
consider the comic in Figure 1, where this information is integrated into a coherent discourse.

Have you ever considered utilizing comics for education?

Figure 1
Comics (Bach et al., 2018; ©Matteo Farinella) on the Place cells experiment (O’Keefe &

Nadel, 1978)
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The past decades have witnessed a growing use of and advocacy for comics in
education settings (Cary 2004; Farinella, 2020; Sousanis, 2015; Topkaya et al., 2023), with
school librarians indicating that the inclusion of comic books attract more students to use
school libraries (Lo et al., 2022); and with more than 75% of educators' using comics in their
classrooms daily either as independent reading or as a supplement to the main lesson or as
their main teaching track (Comic Book Legal Defense Fund, 2019). However, there are
inconsistent findings regarding the effectiveness of learning when using comics compared to
non-comcis material, namely texts. In this study, we will conduct a systematic review on
using comics in education, as well as a meta-analysis to quantify the overall effect of
empirical studies that used comics versus texts. Furthermore, we will explore whether comics
affect learning differently when it comes to Science, Technology, Engineering and

Mathematics (STEM) compared to non-STEM fields.

Comics can be defined as a particular type of social object, used by people of a
particular cultural orientation, which use visual language (sequential images) and writing,
typically associated with contexts and styles (Chute, 2008; Cohn, 2012; Cohn & Magliano,
2019). However, this definition is complicated by the term “comics” in education being
conflated by how people use the term in the first place (Cohn, 2013a; Gavaler, 2022). In one
sense, “comics in education” is meant as the promotion of the structural properties of the
“medium” (i.e., sequential text/image units). Such an advantage would manifest in
educational materials being created in this manner. For example, this sense may include cases
where textbooks or educational materials are created using multimodal text-image units put

into a sequence.

! Note that the educators were surveyed by the Comic Book Legal Defense Fund
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Another sense is that comics as existing social objects are beneficial in education. In

these cases, the published works that carry the designation of “comics” are used in
educational contexts. This would include using published comics to teach about literature or
to teach second languages or using Art Speigelman’s memoir Maus about the holocaust as a
way to teach history. This does not necessarily use the structural properties of visual and
multimodal expression as a mean to educate (such as in comparison to standard textbook
formats), but rather uses published literature that may otherwise be viewed as entertainment
within educational contexts. While advocacy for “comics in education” often conflates these
senses both in theory and practice, these distinctions are important for disentangling their

purported advantages.

Indeed, although often associated with entertainment, the comics “medium” has been
shown to be valuable and beneficial for conducting and communicating science and they
have been further used for educational purposes for over 80 years by a range of other scholars
(Farinella, 2018; McCloud, 1993; Topkaya et al., 2023; Yang, 2008). In the realm of
conducting science, comics have been used as stimuli for studying areas such as the theory of
mind (Baron-Cohen, Leslie, & Frith, 1986) in individuals with autism spectrum disorder
(ASD; Sivaratnam et al., 2012), and spatial mental representations (Pagkratidou et al., 2023).
In the realm of communicating science, comics are utilized in both STEM educational
contexts, such as health-related education (Green & Myers, 2010), science communication
(Aleixo & Sumner 2017; Bach et al., 2017; Farinella, 2018), and non-STEM educational

contexts, such as law (Botes, 2017), and business education (Short et al., 2013).

Comics as a “medium” typically use a combination of pictures and text, and while
these forms are often thought to be different, recent research has shown that the sequential

images used in comics and texts share similarities in two levels: structural similarities and
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similarities in how they are processed (Cohn, 2012; 2013; Cohn & Kutas, 2017; Loschky et
al., 2018; Loschky et al., 2019). In terms of structural similarities, the graphics of comics are
created using a “visual language” with its own lexicon and grammar structured in a similar
manner as sentences in texts (Cohn 2013; Cohn & Kutas, 2017). In terms of processing,
reading comics involves the mechanisms of retrieval, integration, and updating, as does
reading texts (Cohn 2020; Hagoort, 2003; Van Dijk & Kintsch, 1983; Zwaan & Radvansky,

1998).

Despite these similarities in structure and processing, an important difference between
comics and purely textual documents is that comics are visualized in a sequence of images
(Cohn, 2018), whereas no visualization is offered in the case of texts. This sequence of
images in the panels contains more information than the individual units of text, such as
character dialogues, objects, feelings, thoughts conveyed in word or thought bubbles, stars
and symbols (2012). Background information provides the reader with a combination of
linguistic information and visual presentations in richer examples and in a more engaging
way that could lead to effective communication (White-Schwoch & Rapp, 2011; Cohn,
2012). Whether the additional information presented in the background of comics panels

confers a benefit to foster learning remains an open question.

A recent meta-analysis by Topkaya et al (2023) on the effectiveness of using comics
in education along with many others have argued for the educational benefit of comics (e.g.,
Damopolii et al., 2021; Farinella, 2018; Leiner et al., 2018; Muzumdar et al., 2018), with
several reasons offered for such an advantage. First, the integration of text and pictures
provides readers with multimodal units that package information in a more effective way than
the independent associations made in typical textbooks (Cohn, 2013b; Mayer, 2002; Schnotz

& Rasch, 2005). The sequential nature of these units also provides a coherent and guided
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structure for conveying complex information. Their pictorial nature may also seem less
imposing than pure text, while many educational comics have content that appears more
engaging or entertaining, making them more accessible. All these reasons have been offered
as the benefits of comics for education, yet disentangling any true benefit and its reasons

remains underexplored.

Building on these questions, recent studies have compared comics with non-comics
material in a variety of formal and non-formal educational settings. For example, Leiner et al.
(2018) asked patients to study health-related instructions presented as a comic versus
instructions presented as text alone, and then to complete a questionnaire about their
understanding of the instructions; results showed that understanding and recalling was
significantly better via the comics than via the texts. However, when Lin et al. (2015)
conducted a mixed-methods quasi experimental study to examine the public knowledge of
nanotechnology, when using comics versus texts as education material, there was no
significant difference between the two media. Interestingly, when Lestari and Mustadi (2020)
conducted a quasi-experimental study with a pretest-post-test design to examine the
storytelling skills of fifth-grade students using animated video versus comics, they found that
animated videos were more effective than comics. Overall, there is no consensus on whether

comics are effective to improve learning (Cohn, 2020; Farinella, 2020).

The lack of consensus in the findings of studies that have investigated the
effectiveness of comics when it comes to learning could be attributed to various differences
in the experimental procedures. These differences include the target educational fields of
STEM (e.g., Wiseman et al., 2021; Shimazaki et al., 2021; Freedman et al., 2022) versus non-
STEM (e.g., Cohen et al., 2020; Istiq'faroh et al., 2020; Owens et al., 2020), or target

population of students (e.g., Lin et al., 2016; Damopolii et al., 2021) versus the public (e.g.,
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Rodriguez et al., 2016; Shimazaki et al., 2021; Wiseman et al., 2021). The media
comparisons also differ between fext (e.g., Leiner et al., 2018), animation (e.g., Walsh et al.,
2021), or video (e.g.., Kolberg et al., 2021). In addition, several studies show moderation by
individual differences, such as visual language fluency (e.g., Cohn, 2013; Spiegel et al., 2013;
Wang et al., 2019), student’s achievement level (e.g., Lin et al., 2016; Topkaya et al., 2020);
while others don’t (e.g., Damopolii et al., 2021). Finally, the intervention style differs across
the studies, with some studies following a quasi-experimental design (e.g., Kim et al., 2017),
others an experimental design (e.g., Muzumdar et al., 2018), some including a follow up
measurement (e.g., Sumengen et al., 2023) others not (e.g., Shimazaki et al., 2021), and some
utilizing comics as a main (e.g., Albero et al., 2021) while others as a complementary (e.g.,

Khoii et al., 2010) intervention.

Given the conflicting results, the main question driving the current research is
whether comics, compared to non-comics education material, namely text material, are an
effective learning tool?. To our knowledge, no past research has integrated the range of
empirical studies that conducted interventions to improve learning using comics versus non-
comics materials. The aim of the present study is to systematically review and to quantify
using meta-analysis the overall effect of comics vs texts material that have been used in
empirical studies that targeted learning for STEM and non-STEM fields. We specifically aim
to examine potential differences between STEM and non-STEM contexts, as panels in
comics, by providing external visualizations to students, might scaffold learning differently
for STEM and non-STEM topics, especially for individuals with low spatial abilities,
considering the relationship between visualization, spatial ability efficacy, and STEM

learning (Newcombe, 2013; 2017; Zhu et al., 2023). To do so, we will measure factors related

2 Note that we will measure which medium is more effective for learning by calculating the effect sizes of the
knowledge measurement and by comparing that among the studies that used comics vs texts.
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to the experimental process, the individual differences, and the intervention style. Our main

questions are the following:

Table 1.
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Research Hypotheses  Sampling Analysis Rationale for Interpretation Theory that
question plan plan deciding the given different could be shown
sensitivity of the outcomes wrong by the
test for outcomes
confirming or
disconfirming
the hypothesis
What are We refrain Systematic =~ Meta- We are doing If we find that This is an
the from Review analysis frequentist tests, comics have a exploratory
claimed forming so we will use greater impact on study.
benefits of  concrete a=0.05. The learning than text,
comics vs  hypotheses, rationale is the then this could mean  Explanations for
text for as our fact that it is the that the sequential all results will be
education?  analysis standard level in images and text presented in the
will be the literature. provided in comics discussion.
exploratory confer an advantage
in nature. We will use for communication
equivalence compared to text. If
testing for the we find that comics
null, by have the same
examining impact on learning
whether the with text, then this
minimum effect could mean that
sizes of interest (-  comics and
0.2 and 0.2) lay textimpact learning
within the 90% in a similar way. If
confidence we find that comics
intervals of the have a lower impact
overall effect size  on learning than
(corresponding to  text, then this could
a=.05since this  mean that comics
is one-tailed for distract learning.
each CI bound).
Is there a We refrain Systematic =~ Meta- We are doing If we find that This is an
difference from Review analysis frequentist tests, comics vs text show  exploratory
in the forming so we will use a moderate effect for  study.
putative concrete a=0.05. The STEM vs non-
effectivene  hypotheses, rationale is the STEM, then this Explanations for
ss of as our fact that it is the could mean that the  all results will be
comics in analysis standard level in background presented in the
STEM vs will be the literature. information discussion.
non-STEM  exploratory provided in the
subjects? in nature. We will use panels might operate
equivalence as scaffolding for
testing for the more effective
null, by learning about
examining STEM than non-
whether the STEM concepts. If

minimum effect
sizes of interest (-
0.2 and 0.2) lay
within the 90%
confidence
intervals of the
overall effect size

we find the same
impact on learning
STEM vs non-
STEM with comics
and with text, then
this could means
that comics do not
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(corresponding to  operate as a scaffold
a=.05since this  in learning STEM
is one-tailed for concepts. If we find
each CI bound). that comics have a
lower impact on
learning than text in
STEM vs non-
STEM, then this
could mean that
comics distract
learning in STEM
concepts.
Is there a We refrain Systematic =~ Meta- N/A This is an
moderating  from Review analysis exploratory
effect in forming study.
the concrete
putative hypotheses, Explanations for
relationshi  as our all results will be
p between  analysis presented in the
comics and  will be discussion.
learning of  exploratory
factors in nature.
such as
age, target
population,
experiment
al design,
interventio
n type and
alternative
non-
educationa
1 material
such as
videos etc?
Method

To report the systematic review and meta-analyses we will follow the guidelines of

the PRISMA statement (Page et al., 2020); and we will present the PRISMA 2020 Main

Checklist and the PRISMA 2020 Abstract Checklist in the Supplementary Material. All

codes, data and materials will be shared on this OSF repository:

https://osf.io/cmgb6/?view_only=98677e4fcab84e47968556¢7958817f3

Study search

meta-analyses are going to be located via a multi-step process:

Our search strategy will aim for completeness. The studies that we will include in the


https://osf.io/cmqb6/?view_only=98677e4fcab84e47968556c7958817f3
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(1) Via databases: We will search the electronic databases PubMed (accessed through

https://pubmed.ncbi.nlm.nih.gov/), Scopus (accessed through scopus.com), Google Scholar

(accessed through https://scholar.google.com/), Open Grey (accessed through_opengrey.eu)

and Web of Science (accessed through EBSCOhost) in “All Fields” from their inception. The
search terms that we will use are the following:

Table 2.

Literature search terms. To be included, studies will need to refer to at least one term from

each column (i.e., [item from Comics education material] AND [item from Learning]).

Comics education material Learning
comic* education™®
cartoon knowledge
graphic novel learn*®

(1) Via other methods: We will also hand-search the reference lists of review papers we
might retrieve via our search strategy. Moreover, we will request missing data and
unpublished datasets from the corresponding authors of each included paper (or of the papers
for which inclusion will be contingent on obtaining data that will not have been reported in
the manuscript) using the email address provided in the article and in case this is no longer in
use, we will search online for a more recent one. The strategy of contacting the authors will
be by sending a reminder after 10 days and another one 5 more days.

Study selection
We will use the open-source online reference management software-platforms that
will help usin the screening of big datasets. Specifically, we will use Zotero v.6.0.23 (Roy

Rosenzweig Center for History and New Media, 2021) to create a database of all retrieved


https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/
http://opengrey.eu/
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records and to identify and merge duplicates and Covidence (https://www.covidence.org/) to

conduct the title and abstract screening, the full paper screening, and to export and report the
records. We will sequentially screen titles, abstracts, and full-texts. All materials will be
made available, including zotero bib files, and csv files from Covidence where reviews stay
archived in their website. Authors MP and PP will select the studies independently and author
GD will resolve any inconsistencies (i) by taking the records to the full-text stage of the
review in the titles and abstracts screening stages, even if only one author accepts them or is
unsure and (ii) via discussion in the full-text stage. MPP author, specializing in meta-
analyses, will resolve any cases of uncertainty. Studies excluded at the full-text stage together
with the reasons for exclusion will be listed in a Table included in the Supplementary

Material.

Inclusion and exclusion criteria

The following criteria will be set for inclusion of an individual study in the meta-
analyses:
1. Participants: We will include studies that measured general population samples of both
adults and children - public and students.
2. Sufficient data: We will use data that are either reported in the studies in a usable way for
the analysis or provided by the authors after request. To be usable the data should enable us
to calculate an effect size (Cohen’s d or Cohen’s d,») that can be used to pool an overall
effect size in a random effects meta-analysis model (e.g., mean, sd/SE, n; see Statistical
Analyses). 1f no data are provided by the studies or the authors and if possible, we will
extract data from figures with the use of WebPlotDigitizer

(https://automeris.io/WebPlotDigitizer/).
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3. Comics as education material: We will include studies that operationally defined comics as

“whatever people call comics”; and if there is no clear definition of what comics is, then we
will include studies that operationally defined comics as the use of sequential images and
writing in objects identified as “comics” (Cohn, 2020).
4. Publication type: We will include only empirical studies that compare comics with any texts
material; and we will exclude any case studies of individuals, review studies, and meta-
analyses.
5. Research design: We will include only studies that include an experimental and a control
group.
6. Outcome variable: We will include only studies that have an outcome variable for any kind
of “knowledge” measurement.

Of note, publication language will not be taken into consideration as we will not only
include reports written in the languages spoken by the research team, but also we will include
papers in any language that can be translated through ChatGPT4 (OpenAl, 2023;

https://openai.com/gpt-4) large language model, using the prompt *Translate the following

text to English:’ followed by the section text in quotation marks.”
Data extraction

MP and PP will perform the data extraction independently. Should any
inconsistencies arise, those will be resolved through discussion. A third reviewer, MPP, will
resolve any remaining ambiguities and inter-rater reliability will be calculated among the two
reviewers. We will not replace any missing data. The following data will be extracted from

each study:


https://openai.com/gpt-4
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1. Sample size: We will extract the number of participants in the experimental and

control groups.

2. Year of publication: We will extract the year of publication of the study and enter it
into the database numerically.

3. Location: We will extract the country where the study was conducted.

4. Education field: Depending on the learning material used, we will categorize the
studies as STEM (code=1) and non-STEM (code=2). STEM will include a broad
spectrum of STEM fields such as Science, Technology, Engineering, Mathematics,
Energy, Medicine, Biology, Space and Geography studies (and any other related
disciplines; and non-STEM will include all the fields that are not related with STEM).

5. Sex of the participants: We will extract the sex of the participants separately for each
group (experimental vs. control) as male, female, or other (if reported), for descriptive
purposes.

6. Mean age of the participants: We will extract the mean age of the participants in each
group and the average age between the groups will be entered into the database
numerically. In the case that only an age range is reported (e.g., 7-10-year-old), then
the middle of the range will be recorded.

7. Type of participants: We will code the target group of the educational intervention as
pupils (=1), University/College students (=2) and general public (=3)

8. Visual Language Reading Fluency: We will extract data regarding whether studies
have collected data on some type of individual differences measurement, such as the

Visual Language Reading Fluency (Cohn, 2014), by using a yes (=1) / no (=2) coding.
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Also, we will extract the level of Visual Language Reading Fluency by coding it to

either low (=1) or high (=2).

9. Intervention type: We will extract information regarding the type of intervention by
using the coding system of comics as main teaching material (=1) - referring to
studies that used comics® and text as the main medium to educate the participants -
and comics as supplementary material (=2) - referring to studies that used comics and
text as a complementary medium to the existing course or text material.

10. Duration of the intervention: We will document the duration of the intervention in
days, to examine the duration of the learning effect during the intervention period.

11. Achievement level: We will extract information about whether the level of knowledge-
achievement in the topic of interest has been taken into consideration in the studies by
using a yes (=1) / no (=2) coding. In addition, we will extract the level of knowledge-
achievement as specified by the studies, by coding the level of the participants as low
(=1), medium (=2), and high (=3).

12. Treatment condition (comics): We will document information about whether the
researchers have created their own comics (=1) or have used existing ones (=2).

13. Control condition (texts): We will document information regarding the type of the
text; and for any non-comic educational material used, we will document the
information by using the following coding system: text (=1), photo (=2), animation

video (=3), etc.

3 Note that we are interested in studies that use comics as one group and text as another group. We will code a
control group as a control group if it serves the purpose of a control group, whether it is being labeled or not.
Also, in the case a study results in more than one effect size, we will explore how this might bias our results by
employing a multi-model meta-analysis, by including a third-level representing the study.
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14. Spatial cognition: We will extract whether data on spatial cognition is reported by

using a yes (=1) / no (=2) coding. In addition, we will extract the level of spatial
cognition as specified by the studies, by coding the level of the participants as low
(=1), medium (=2), and high (=3).
15. Experimental design: We will code whether studies have used a pre- and post- design
by using a yes (=1) / no (=2) coding.
16. Experimental type: We will code whether the studies conducted a true experiment
(=1) or a quasi-experiment (=2).
17. Follow up measurement: We will extract, for descriptive purposes, as a categorical
variable whether or not a follow-up study has been conducted, to examine the
duration of the learning effect after the intervention period.
Statistical analysis

For the statistical analyses, we will use R (v. 4.2.1 for macOS) and RStudio
(2022.07.1 Build 554; R Core Team 2021) with the “meta” (v. 5.5-0; Balduzzi et al., 2019),
“metafor” (v. 3.4-0; Viechtbauer, 2010), “dmetar” (v.0.0.9000; Harrer et al., 2019), and
“tidyverse” (v. 1.3.2; Wickham et al., 2019) packages (or later versions). MP and PP will
perform the analysis and MPP will assess for reliability. Using the esc library (Liidecke,
2018) we will estimate the effect size of each study, and we will calculate Cohen’s d (Cohen,
1988). Specifically, effect sizes will be calculated as the standardized difference in
knowledge between individuals in the comics condition and a control condition. As such, a d
equal to zero will correspond to no difference between the comics and the control conditions,
values greater than zero will indicate an improvement in learning due to the use of comics,

and values lower than zero will indicate a decrease in learning due to the use of comics. For

our meta-analysis, we consider an effect size d = 0.4 as the minimum effect of interest. This
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is derived by a previous meta-analysis that investigated the effectiveness of comics in

education (Topkaya et al, 2023). In the study by Topkaya et al. (2023), a meta-analysis with
subject area as a moderator variable (similar to our STEM and non-STEM categorisation)
resulted in an overall effect size of g = 0.50, 95% CI [.33, .68]. Using the lower bound of the
confidence intervals as a heuristic, and considering the Hedge’s g correction, we define d =

0.4 as the minimum effect of interest to guide our analyses and interpretation.

We will pool the effect sizes using a random effects model (Fleiss, 1993) using the
inverse variance method, where variance includes both within- and between-study variance.
We will use the random effects model, which controls for the possibility that the true effect
size may vary from study to study, providing a more flexible and robust analysis (Kanters,
2021). If the total number of identified studies is less than & = 20, we will apply the Knapp-
Hartung (Knapp & Hartung, 2003) adjustment to our random effects model. The Knapp-
Hartung adjustment has been shown to reduce the chance of false positive findings (Langan
et al., 2018), and has been recommended when the number of studies is less than 20 (IntHout
et al., 2014). Our hypotheses will be tested at an o = 0.05. In cases where p < a, we will use
equivalence testing to investigate whether the null hypothesis (i.e., no difference) can be
accepted (see Lakens et al., 2020). Specifically, if the 90% confidence intervals of the overall
effect size includes the smallest difference of interest within their bounds (d = -0.2 and d =
0.2), the null hypothesis will be accepted. In addition, we will report prediction intervals,
which refer to the range of effects that future studies are expected to reach based on the given
evidence. We will estimate the maximum-likelihood using tau? and the Q-profile method
using the tau and tau? confidence intervals. Heterogeneity will be quantified using the I
index (Higgins et al., 2003) and will be visually examined through p-value drapery plots
(Riicker & Schwarzer, 2021). Mikolajewicz and Komarova (2019) provide a comprehensive

summary for how Cohen’s d, tau?, O, and I° are formulated. If heterogeneity is suspected, as
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reflected through significant heterogeneity (I, p < .05), high heterogeneity variance (/2 >

25%; Higgins et al., 2003), or prediction regions broader than the overall p-curve in the
drapery plot (Riicker & Schwarzer, 2021), then moderator analyses will be conducted. To
proceed with moderator analyses, we will require at least five data points per level of each
categorical variable, or at least five data points (i.e., five studies) per continuous variable. We
will use forest plots for data visualization. Further, we will employ multiple approaches to
investigate potential heterogeneity and small study bias considering that it is recommended to
employ various methods to investigate bias for meta-analyses in psychology (Carter et al.,
2019). Specifically, we will use p-value drapery plots (Riicker & Schwarzer, 2021) and
funnel plots to visually investigate small study bias. In addition, p-curves will be generated
(Simonsohn et al., 2020) and tested for skewness and flatness using a x> Binomial test, while
the symmetry of the effect sizes will be examined using the Egger’s regression test (Egger et
al., 1997). If small study bias is identified through the visual inspection and/or the Egger’s
regression test, we will proceed with adjustments of the funnel plot using the Duval and
Tweedie (2000) trim and fill method. The adjusted funnel plot will then be visually inspected
to identify the direction of bias, and an adjusted overall effect size based on the trim and fill

correction will be estimated.

If we find five or more studies with pre-post design we will conduct a three-level
meta-analysis. This pre-post design meta-analysis will include a third level (study level),
corresponding to the independent study by which each effect size will be estimated, to
account for the additional variance introduced by the violation of the independence of the
included effect sizes (Van den Noortgate et al., 2013). Effect sizes for the three-level meta-
analysis will be estimated as repeated-measures Cohen’s d (d»), corresponding to the
standardized difference of knowledge before and after the comics intervention. If a

correlation coefficient is not provided by the primary studies to calculate d,, a correlation
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coefficient () will be approximated using the formula 7 = (2 * (sd’pre + sd’post) - N *

mean®change) / (2 * 2 * sdpre * sdpost), where ¢ is the corresponding t-value, sdpre and sdpost is the
standard deviation of the sample before and after the intervention, respectively, NV is the

sample size, and meancnange 1s the difference in means before and after the intervention.

As for the sensitivity analysis, and in order to evaluate the stability of the population-
effect size we will follow Westerhausen and Papadatou-Pastou (2022); if one study has a
weight in the analysis of 25% or above, we will repeat the meta-analysis without this study.
In addition, we will conduct outlier identification and influential cases identification. For the
influential cases identification we will produce a Baujat plot, an overall influence diagnostic
plot, and two leave-one-out meta-analysis plots (one sorted by effect size and the other by 12)
for each meta-analysis. Regarding the continuous data meta-analysis, prior to the influential
cases identification analysis, we will recalculate the overall effect using the Paule-Mandel
method as the T2 estimator. Finally,as for the internal validity (risk of bias) of included
studies we will use Cochrane's risk of bias tool to examine the relevant domain-based risk of
bias, and we will present the results of this assessment in a graphical format using the

“robvis” package (McGuinness & Higgins 2020; McGuinness 2019).
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BACKGROUND
Objectives 2 | Provide an explicit statement of the main objective(s) or yes
question(s) the review addresses.
METHODS
Eligibility 3 | Specitfy the inclusion and exclusion criteria for the review. | yes
criteria
Informatio 4 | Specify the information sources (e.g. databases, registers) | yes
n sources used to identify studies and the date when each was last
searched.
Risk of 5 | Specify the methods used to assess risk of bias in the yes
bias included studies.
Synthesis 6 | Specify the methods used to present and synthesise results. | yes
of results
RESULTS
Included 7 | Give the total number of included studies and participants | N/A
studies and summarise relevant characteristics of studies.
Synthesis 8 | Present results for main outcomes, preferably indicating N/A
of results the number of included studies and participants for each. If
meta-analysis was done, report the summary estimate and
confidence/credible interval. If comparing groups, indicate
the direction of the effect (i.e. which group is favoured).
DISCUSSION
Limitation 9 | Provide a brief summary of the limitations of the evidence | N/A
s of included in the review (e.g. study risk of bias,
evidence inconsistency and imprecision).
Interpretat 10 | Provide a general interpretation of the results and N/A
ion important implications.
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OTHER
Funding 11 | Specify the primary source of funding for the review. yes
Registratio 12 | Provide the register name and registration number. yes
n
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B. PRISMA 2020 statement checklist

Section and Checklist item Location

Topic where item
is reported

TITLE

Title 1 | Identify the report as a systematic review. In the title

ABSTRACT

Abstract 2 | See the PRISMA 2020 for Abstracts checklist. Data
Supplement
A

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Manuscript:
Introduction

Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. Manuscript:
Introduction
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METHODS

Eligibility 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Manuscript:

criteria Method

Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted | Manuscript:

sources to identify studies. Specify the date when each source was last searched or consulted. Method

Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. Manuscript:

Method

Selection 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how Manuscript:

process many reviewers screened each record and each report retrieved, whether they worked independently, and if Method
applicable, details of automation tools used in the process.

Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each | Manuscript:

process report, whether they worked independently, any processes for obtaining or confirming data from study Method
investigators, and if applicable, details of automation tools used in the process.

Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with | Manuscript:
each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the Method
methods used to decide which results to collect.

10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, | Manuscript:
funding sources). Describe any assumptions made about any missing or unclear information. Method
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Study risk of 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how | Manuscript:
bias assessment many reviewers assessed each study and whether they worked independently, and if applicable, details of Method
automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or Manuscript:
presentation of results. Method
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study Manuscript:
methods intervention characteristics and comparing against the planned groups for each synthesis (item #5)). Method
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing Manuscript:
summary statistics, or data conversions. Method
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Manuscript:
Method
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was | Manuscript:
performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and | Method
software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup Manuscript:
analysis, meta-regression). Method
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Manuscript:
Method
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting Manuscript:
assessment biases). Method
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37
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Manuscript:
assessment Method
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to N/A
the number of studies included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they N/A
were excluded.
Study 17 | Cite each included study and present its characteristics. N/A
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. N/A
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an N/A
individual effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
studies
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. N/A
syntheses
20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary N/A
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20c | Present results of all investigations of possible causes of heterogeneity among study results. N/A
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. N/A

Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis N/A

assessed.

Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. N/A

evidence

DISCUSSION

Discussion 23a | Provide a general interpretation of the results in the context of other evidence. N/A
23b | Discuss any limitations of the evidence included in the review. N/A
23c | Discuss any limitations of the review processes used. N/A
23d | Discuss implications of the results for practice, policy, and future research. N/A

OTHER INFORMATION
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Registration and 24a | Provide registration information for the review, including register name and registration number, or state that N/A
protocol the review was not registered.

24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. N/A

24c | Describe and explain any amendments to information provided at registration or in the protocol. N/A
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in | Manuscript

the review.

Competing 26 | Declare any competing interests of review authors. Manuscript
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection MetaArXiv
data, code and forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used OSF
other materials in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline

for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71




